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The Defense Metals Information Center was established at 
Battelle Memorial Institute at the request of the Office of the 
Director of Defense Research and Engineering to provide Govern¬ 

ment contractors and their suppliers technical assistance and 

information on titanium, beryllium, magnesium, refractorymetals, 

high-strength alloys for high-temperature service, corrosion- and 

oxidation-resistant coatings, and thermal-protection systems. Its 
functions, under the direction of the Office of the Secretary of 
Defense, are as follows: 

1. To collect, store, and disseminate technical in¬ 

formation on the current status of research and 
development of the above materials, 

.-..2, To supplement established Service activities in 

providing technical advisory services to prod¬ 

ucers, melters, and fabricators of the above 

materials, and to designers and fabricators of 
military equipment containing these materials. 

3. To assist the Government agencies and their con¬ 

tractors in developing technical data required for 

preparation of specifications for the above ma¬ 
terials, 

4. On assignment, to conduct surveys, or laboratory 

research investigations, mainly of a short-range 
nature, as required, to ascertain causes of trou¬ 

bles encountered by fabricators, or to fill minor 
gaps in established research programs. 
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FOREWORD 

This report contains the data previously presented in DMIC 
Memoranda Nos. 72, 78, 91, 103, 111, 119, 141, and 148. 

In addition to the previously reported data, some new infor¬ 
mation, that has become available since these memoranda were 
prepared, is also included. 
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THERMAL RADIATIVE PROPERTIES 
OF SELECTED MATERIALS 

SUMMARY 

This report is a compilation of data on thermal radiative properties. It also in¬ 
cludes a brief discussion of the basic fundamentals of thermal radiation and of the 
methods of measuring these properties. Much of the information has previously been 
distributed in DMIC memoranda; however, it is consolidated in this report for the 
benefit of those with a broad interest in radiant heat transfer. 

Thermal radiative data are included for the following materials; titanium and its 
alloys; stainless steels; iron-, nickel-, and cobalt-base superalloys; the refractory 
metals (chromium, columbium, molybdenum, tantalum, and tungsten) and their alloys; 
coated materials for elevated-temperature service; and ceramics and graphite. 
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INTRODUCTION 

There has been, for many years, a broad interest in data on the thermal proper¬ 
ties of materials. Many of these data have been reported in an excellent manner by 
Armour Research Foundation in WADC TR 58-476, Volumes I through IV. The Armour 
work covered data available through 1957. 

The rapid development of space and missile technology has created an increased 
and specific need for data on radiant heat transfer and thermal-radiation properties. 
The Defense Metals Information Center, therefore, has as.sembled the available infor¬ 
mation, with special emphasis on data reported since 1957. 

For the most part, only those materials within the assigned scope of DM1C are 
covered. However, some data on allied materials, such as ceramics and graphite, were 
identified during the normal search of the literature and have been included to complete 

the record. 

Method of Presentation 

The authors have attempted to evaluate the sources of the data according to the 
methods and techniques described by the various investigators. In many cases, full 
details were not given, and a complete evaluation was impossible. With these consider¬ 
ations in mind, the authors have shown curves which, in their estimation, indicate the 
most probable values for the various conditions and materials. 

The data have been separated according to material and to the type of measure¬ 
ment, whether spectral or total. In those sections of this report dealing with metals, 
emittance data are given as the complement of the reflectance, which assumes a sample 
opaque to the radiation concerned in each case. Many ceramic materials and coatings, 
however, transmit considerable amounts of incident radiation and must be relatively 
thick to be effectively opaque. The data for ceramics are, therefore, given only in the 
units measured by the investigators, since for most cases the emittance must be consid¬ 
ered as the complement of the sum of the reflectance and the transmittance. 

The emittance values for coatings reported by one investigator may vary consider¬ 
ably from those for the same coating material reported by another. The main reasons 
for such variances, assuming reasonable care in obtaining data, are differences in the 
surface condition and in the thickness of the coatings. Differences in surface condition 
result from differences in the methods of coating the substrate material and from the 
numerous methods of bonding and curing the coatings. 

An innate property of most ceramic materials is their varying degree of transpar¬ 
ency to radiation at different temperatures and different wavelengths. Since most re¬ 
fractory coatings must be applied in relatively thin sections (a few mils thick) because of 
strength and thermal-shock considerations, the emittance of the underlayer or substrate 
material may, and usually does, have considerable effect on the measured emittance of 
the coated body. 

The data for refractory coatings are given separately for each investigator since, 
for the reasons given above, a direct comparison of values reported for the same coating 
material by different investigators is apt to be misleading. 
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All data have been plotted with each reference shown by a different symbol. The 
"reference information" accompanying each graph gives the names of the investigators 
and the number of the reference from which the data were obtained. These references 
are identified at the end of each section. Notations öf composition and surface conditions 
of the sample tested, and a brief notation as to methods and conditions of measurement, 
are given when available. 

FUNDAMENTALS AND DEFINITIONS 

Thermal Radiation 

The process of emission of radiant energy by a body, which depends on its temper¬ 
ature, is called thermal radiation*. Each body, by virtue of its temperature, is con¬ 
stantly emitting electromagnetic radiation from its surface into the space about it and is 
absorbing radiations originating elsewhere and incident upon it. Electromagnetic radia¬ 
tion is composed of all wavelengths, including extremely short-wave secondary cosmic 
rays and the longest radio waves. Theoretically, all bodies emit radiation over the 
entire electromagnetic spectrum. The amount of energy emitted generally varies with 
wavelength in a manner similar to that shown in Figure 1. Three curves are shown 
giving the spectral distribution of blackbody radiation (defined later) at different 
temperatures. 

visible 
region 

FIGURE 1. SPECTRAL DISTRIBUTION OF RADIATION FROM 
A BLACKBODY AT 2000, 3000, AND 4000 K 

•Referred to hereafter simply as radiation. 
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It can be seen from Figure 1 that the maximum energy emitted by a body increases 
as the temperature increases and that the wavelength at which the maximum energy is 
radiated becomes shorter as the temperature is increased. For comparison, the region 
normally associated with the visible wavelengths is shown within the vertical dotted lines. 

Classifications 

Radiation is usually classified as to the distribution of energy under consideration. 
The two main classifications ordinarily used are total radiation and spectral radiation. 

Total Radiation. Total radiation is radiation over the entire spectrum of emitted 
wavelengths. 

Spectral Radiation. Spectral radiation refers to radiation emitted within a speci¬ 
fied wavelength interval. This interval is ordinarily so small as to be considered as 
radiation at a specific wavelength. Radiation of this type is called monochromatic. 

Solar Radiation. Another classification of radiation which should be mentioned is 
that of solar radiation. Obviously, solar radiation refers to radiation from the sun. 
Radiation reaching the earth's surface from the sun is reduced considerably by the 
earth's atmosphere. The atmosphere is nearly transparent to some wavelengths of solar 
radiation and is nearly opaque to other wavelengths. The insolation (irradiation of a 
body by the sun) of a rocket or satellite is, therefore, quite different at sea level and 
outside the atmosphere. 

The sun does not radiate as a blackbody. However, the average observed solar- 
energy curve from about 0. 45 ju to about 20 fj. closely approximates the spectral-energy 
distribution of a blackbody at 6000 K. It is therefore not unusual to speak of the "black- 
body temperature" of the sun as 6000 K. 

Figure 2 shows the general spectral-distribution curves for a blackbody at 6000 K 
and for the sun outside the earth's atmosphere. 

Many factors affect the amount of solar energy received by the earth's surface and 
this amount varies considerably from day to day. On a cloudless day, in the middle lat¬ 
itudes, about 80 per cent of the incident solar energy reaches the ground. With average 
cloudiness, however, only about 50 per cent is received by the earth's surface. 

Figure 3 shows a relative spectral-distribution curve for the solar energy received 
by the earth at sea level. 

Directional Radiation. Radiation emitted by a body is also classified by its direc¬ 
tion of propagation. The amount of energy radiated varies with the angle of emission 
from the surface of the body. The most common classifications are normal, hemispheri¬ 
cal, and directional radiation. Normal radiation refers to radiation emitted in a direc¬ 
tion normal to the surface of the body. Hemispherical radiation refers to radiation 
emitted in all possible directions from a flat surface. Directional radiation, in general, 
refers to radiant emission at a specified angle with the surface. Normal radiation is 
obviously a special case of directional radiation. 
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FIGURE 2. SPECTRAL DISTRIBUTION OF A BLACKBODY AT 
6000 K AND THE SUN OUTSIDE THE EARTH'S 
ATMOSPHERE 
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Wavelength, /¿ 

FIGURE 3. SOLAR-SPECTRAL-ENERGY DISTRIBUTION 
AT SEA LEVEL 
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The terms normal and directional are also used to define the direction of propa¬ 
gation, relative to a surface, of radiation incident upon the surface. The term diffuse 
is used to describe radiation incident upon a surface from all possible directions. 

Blackbody Radiation 

The emissive power of a blackbody is proportional to the fourth power of its abso¬ 
lute temperature. For other bodies, the rate of radiation varies, depending on the ma¬ 
terial, surface conditions, and temperature. The rate of emission of energy per unit 
area for nonblackbody materials is never greater than the rate of energy emission per 
unit area from a blackbody. For this reason the blackbody is used as a standard or 
reference and emission from other bodies is compared with it. 

Definition 

A blackbody is defined as an ideal emitter which radiates energy at the maximum 
possible rate per unit area at each wavelength for any given temperature. A blackbody 
also absorbs all the radiant energy incident upon it. 

Blackbody Approximations 

There are some fairly good approximations of blackbody radiation sources but 
there are no perfect blackbody materials. Among the materials which come closest are 
carbon black, zinc black, and platinum black. 

Good blackbody approximations are possible by the construction of an enclosure or 
cavity of uniform temperature containing a small aperture through the wall. Multiple 
reflections inside the enclosure assure a source of energy very close to blackbody con¬ 
ditions regardless of the material used. Worthing and HallidayO)* have shown that, to 
obtain an aperture that is 99. 9 per cent black, the numbers of reflections needed for 
cavities constructed of copper, tungsten, and carbon are 45, 12, and 3, respectively, 
while if a 99. 5 per cent blackbody is acceptable, only 33, 10, and 2 reflections are 
needed for the same respective materials. 

Definition of Terms 

The Need for Precise Definitions 

The word emit means to send out; therefore, as we might expect, an emissivity or 
emittance for a given material is a measure of the ability of the material to send out 
radiant energy. Some authors use emissivity in the sense of the rate of emission per 
unit area of surface. General usage now terms this ability as radiance and defines emis¬ 
sivity or emittance as the ratio of emission from a nonblackbody to the rate of emission 

•Reference? for this section are listed on page 17. 
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from a blackbody at the same temperature. Obviously, since the rate of emission from a 
nonblackbody can never exceed the rate of emission from a blackbody, this ratio can 
never exceed 1. 

For normal materials (nonblackbodies) the rate of absorption will be reduced by 
reflection at the surface for opaque bodies and by transmission through the material for 
transparent or translucent bodies. Surface conditions also alter the rate of emission or 
absorption. Roughness and oxidation of a surface generally increase the rate of emis¬ 
sion. For example, the emittance of a copper specimen can be increased from about 
0. 02 for a polished surface to a value of approximately 0. 8 for copper with a thick oxide 
layer, 

Since surface conditions and degree of opaqueness affect the rate of emission, 
specified conditions must be considered in any definitions. Our definitions will conform 
in terminology and symbolic representation to those established by Worthing(3) and most 
widely used in modern literature. (4-7) 

Definitions and Symbols 

Radiance (R). The rate of radiant-energy emission from a unit area of a source in 
all the radial directions of the overspreading hemisphere. 

Steradiance (B). The rate of radiant emission per unit solid angle and per unit of 
projected area of a source, in a stated angular direction from the surface (usually 
normal). 

Emittance (e). The ratio of the rate of radiant emission from a body, as a conse¬ 
quence of its temperature only, to the corresponding rate of emission from a blackbody 
at the same temperature. 

Emissivity (e1). The term emissivity is reserved for the case of an opaque mater¬ 
ial having an optically smooth surface composed of the material. It follows that, for a 
body composed of an opaque material, the emissivity of the material is the lower limiting 
value approached by the emittance of the body as its surface is made more and more 
optically smooth. 

Hemispherical Emittance (eh)- The ratio of the radiance from a body as a conse¬ 
quence of its temperature to that of a blackbody at the same temperature. 

Directional Emittance (eg). The ratio of the steradiance from a body as a conse¬ 
quence of its temperature to that from a blackbody at the same temperature. Ordinarily 
directional emittance is in the direction normal to the surface and is called normal emit¬ 
tance and designated by (en). 

Total Emittance (et). The ratio of the total radiance from a body as a consequence 
of its temperature to that of a blackbody at the same temperature. 
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Figure 4 shows the spectral-radiance-distribution curves for tungsten and for a 
blaçkbody, both at a temperature of Z450 K. The tungsten curve is seen to lie below the 
blackbody curve at all wavelengths. If the range of wavelengths were extended to infinity, 
the ratio of the area beneath the tungsten curve to the area beneath the blackbody curve 
would be the total emittance of the tungsten at 2450 K. 

Wavelength, ft 

FIGURE 4. SPECTRAL-RADIANCE-DISTRIBUTION CURVES FOR 
(a) TUNGSTEN AT 2450 K AND (b) A BLACKBODY AT 
2450 K 

Spectral Emittance (e\). The ratio of the spectral radiance (or monochromatic 
radiance at a given wavelength) from a body as a consequence of its temperature to that 
of a blackbody at the same temperature and the same wavelength. 

In Figure 4, an ordinate has been drawn vertically through the two curves at a 
wavelength of 1.6 microns. The ratio of the ordinate (or height) of the tungsten curve 
(a) to that of the blackbody curve (b) at 1. 6 microns is the spectral emittance of the par¬ 
ticular sample of tungsten at 2450 K and 1. 6 microns. 

All of the above emittances have corresponding emissivities for the optically 
smooth, opaque materials. 

Absorptance (a). The ratio of the radiation absorbed by a body to that incident 
upon it. 

For a body at a given temperature, the spectral absorptance is equal to the corres¬ 
ponding spectral emittance (a^ = e^). Since spectral absorptances of actual bodies 
usually vary with wavelength, total absorptances usually depend on the temperature of 
the source. 

If the incident radiation has the spectral distribution of that from a blackbody source 
at the temperature of the specimen, the total absorptance equals the total emittance 
(at = Ct). This does not hold true, however, if the source is not a blackbody (except for 
graybodies, whose spectral emittance is the same at all wavelengths) and if the source is 
not at the temperature of the specimen. 



Reflet vanee The ratio of t) .aúian. flux reflected by a body to that incident 
upon it. For an opaque body, the the reflectance and the absorptance for the in 
dent radiation is unity (p + i = " ^ 

Transmittance (t). The ratio of the radiant flux transmitted through a body to that 
incident upon it. For a transparent or translucent material, the sum of the transmit¬ 
tance, reflectance, and absorptance for the incident radiation is unity (r + p + a = 1). 

As with émittances, absorptances, reflectances, and transmittances are of various 
types such as spectral, normal, and hemispherical. The term "diffuse" is ordinarily 
used instead of hemispherical, since it refers to energy incident upon a surface from all 
possible directions. The term "total", when applied to absorptance, reflectance, or 
transmittance, is not meaningful unless the spectral distribution of the source is speci¬ 
fied, and usually the term "total" is not used. 

The reflectance and transmittance that are complements to the normal emittance or 
absorptance are for conditions of either normal illumination and hemispherical viewing, 
or, vice versa, diffuse illumination and normal viewing. Those that are complements to 
hemispherical emittance or diffuse absorptance are for conditions of diffuse illumination 
and hemispherical viewing. 

When an emittance or one of the other properties described above is measured, the 
measurement must be concerned with the total radiation or with radiation at a specified 
wavelength, and it must also differentiate between radiation in all directions and radiation 
measured in a certain direction relative to the surface. As an example, let us suppose 
that an emittance has been obtained by a method which takes into consideration radiation 
in all directions from a flat surface of a body, but that the energy receiver used in the 
measurement was receptive to only one wavelength. We would then combine the appro¬ 
priate emittance terms given above to give us the hemispherical spectral emittance 

(£hX) body. 

The types of emittances ordinarily found in the literature today include the hemi¬ 
spherical total emittance (eht)> normal total emittance (ent), hemispherical spectral 
emittance and the nornial spectral emittance (enx). Absorptance, reflectance, 
and transmittance all have total, spectral, hemispherical, and normal relationships 
similar to the above. 

Radiation Laws 

Total-Radiation Laws 

Lambert's Cosine Law. This law states that the directional radiance of a plane 
source of radiation varies as the cosine of the angle of emission. 

The apparent visible brightness, or steradiance, of a radiating surface depends on 
the energy emitted by a unit area of the radiating body. Essentially, this law states that 
a radiating blackbody has the same apparent brightness regardless of the angle from 
which it is viewed. 
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True surfaces vary from this law depending upon the material. When the direc¬ 
tional radiance of a surface follows the¿ cosine law, the directional emittance is independ¬ 
ent of the angle of emission and is identical with the hemispherical emittance. Actually, 
all true surfaces exhibit a certain degree of dependence of the emittance on the angle of 
emission. 

For most metals, as the angle between the direction of emission from an element 
of surface and the normal to the surface is increased, the emittance first increases and 
then decreases rapidly to zero at angles near 90 degrees with the normal. Although 
many substances vary with angle in a similar manner, others, such as carbon and the 
metal oxides, vary in just the reverse manner. For example, a sphere whose surface 
radiates as a blackbody, appears as a disk of uniform brightness; a sphere of tungsten 
appears with a brighter rim since its emittance increases as the angle of emission in¬ 
creases from the normal, and a carbon sphere will appear to have a brighter center due 
to its higher emittance at angles near the normal. 

Most dielectric materials conform closely to the cosine law out to angles of about 
60 to 65 degrees from the normal. Their directional emittances decrease rapidly with 
the angle at angles greater than 75 degrees from the normal. (9) 

Prevost's Theory of Exchange. In the late 18th century, Pierre Prévost stated that 
all bodies at all times are emitting radiation into the space about them and are absorbing, 
partially at least, those radiations originating elsewhere and incident upon them. 

Experience tells us that when a body at one temperature is suspended by a fine 
thread in an evacuated chamber whose walls are maintained at another temperature, the 
body will eventually attain the same temperature as the walls. Prevost's theory accounts 
for this reaching of equilibrium, assuming no conduction along the thread. 

Boltzmann s Fourth-Power Law. This law, established by Ludwig Boltzmann in 
1884, shows that the heat radiated by a blackbody is proportional to the fourth power of 
its absolute temperature. In equation form the law becomes 

R = 0T4 , 

where 

R is blackbody radiance, watts/cm^ 

a is Boltzmann's constant, 5. 673 x 10" 12 watts cm-2 K"4 

T is the absolute temperature, K. 

For nonblackbodies, since the emittance is the ratio of the nonblackbody to blackbody 
radiances, the nonblackbody radiance equals the blackbody radiance multiplied by the 
emittance or 

Rn = eaT4, 
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where 

Rn is nonblackbody radiance, watts/cm2 

0 is the Boltzmann's constant 

T is the absolute temperature 

e is the hemispherical total emittance of the nonblackbody. 

Kirchoff's Law. In 1858, the German physicist, G. R. Kirchoff, stated this law 
quantitatively, relating the radiating and absorbing properties of bodies. Essentially 
the law states that, for a blackbody placed in a completely enclosed cavity whose opaque 
walls are maintained at some constant temperature, and when the body is in thermal 
equilibrium with the cavity walls, the rate of incidence of radiant energy per unit area of 
its surface from the surrounding walls is equal to its emission of radiant energy per unit 
area due to its temperature. In equation form 

where Eb = the irradiance of the surface from its surroundings and R. = the radiance of 
the body The subscript "b" indicates blackbody conditions. From this relationship was 
erived the fact that the total emittance of a nonblackbody at any given temperature is 

equal to its total absorptance of radiation from a blackbody at the same temperature, or 

e = a. 

Kirchoff's law applied equally well to spectral radiation and becomes E\ = K\ where the 
irradiance Ex and the radiance Rx are taken at the same wavelength and also the spectral 
emittance equals the spectral absorptance, or 

£\ = a\ • 

Spectral-Radiation Laws 

Wien's Displacement Law. In 1896, Wilhelm Wien found that, when the tempera¬ 
ture o a radiating blackbody increases, the wavelength corresponding to the maximum 
energy decreases (see Figure 1) in such a way that the product of the absolute tempera¬ 
ture and wavelength is a constant. 

X max T = constant (= 2897. 9 ju K) . 

In obtaining the above, Wien also determined that if the wave of length X, at T-, is dis 
p aced from that of length X, at T1( such that X2T2 = XjT,. the monochromatic radiances 

peramre orWaVelengthS d‘reCtl>r pr°POI,ional t0 the fifth powers of the absolute tem- 
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Wien's Distribution Law. Wien also obtained an expression for the spectral distri¬ 
bution of radiant energy at a given temperature. 

RX = 
C 

e 

X -5 
1 . 

c2/x T ' 

This relation, however, holds true only for the short-wavelength region of the spectrum. 

For nonblackbody relationship, the spectral radiance Rx becomes 

eXCl 
X -5 

e C2/X T 
f 

where = spectral emittance and e = base of natural logarithms. Ci and C¿ are radia¬ 

tion constants. 

Rayleigh - Jean's Distribution Law. This law gives the spectral-radiation distri 
bution applicable to the longer wavelengths, but not to shorter ones. 

C jX -4-p 

where the units are the same as before and whose values are given for Planck's law 

below. 

For nonblackbodies, the right side of the equation should again be multiplied by the 
spectral emittance at the given wavelength. 

Planck's Distribution Law. Max Planck, in 1900, published the following expres¬ 
sion for the radiance distribution at a given temperature. 

RX = 

Cj X 
-5 

C^Xi 2AT 
-1 

where Cj and C¿ are often referred to as the first and second radiation constants. 

C j = 3. 7403 X 10" 12 watts cm"2 for O.Olfj. zone of spectrum 

C2 = 1.4388 cm K (= 14,388 ¡JK. 

This law holds for all wavelengths. 

It is interesting to note that, in seeking an explanation for an apparently correct 
expression for a law of spectral distribution, Planck arrived at his Nobel Prize-winning 

quantum theory, which revolutionized modern physics. 
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X is the wavelength in microns 

e is the base of natural logarithms. 

As in the foregoing, for the nonblackbody case, the relationship becomes 

RX = 
£xCj x' 

e C2/XT _i 
) 

where e, is the spectral emittance. 

General Relationships 

All real materials are nonblack, and all real bodies are nonblackbodies, excluding, 
of course, so-called blackbody cavities or enclosures. As a general case, any radiation 
incident upon a body must be reflected, absorbed, or transmitted by the body and, there¬ 
fore, the reflectance plus the absorptance plus the transmittance equals unity, or 

a + p + r = 1. 

For a body in equilibrium with its surroundings, in an opaque walled cavity, 
Kirchoffs law shows that the absorptance is equal to the emittance or a = e and we define 
a = e = R/Rb. However, if the temperature of the body and its surroundings are different, 
the absorptance varies with the spectral distribution of the incident radiation. In general, 
the total emittance varies with temperature. 

If the nonblackbody is optically smooth and opaque, we have the reflectivity, ab¬ 
sorptivity, and emissivity relationships similar to the above. 

For some materials, the emittance is nearly constant for all wavelengths and tem¬ 
peratures and we can say that 

ex = ax = e = a . 

These materials are called graybodies. Although no materials are strictly gray, for 
some materials it is possible to use the above relationships as a close approximation in 
the interest of ease of calculation. 

It should be mentioned that some materials are opaque to certain wavelengths of 
radiation and transparent to others, and that some materials become more or less trans¬ 
parent to a varying range of wavelengths as the temperature is changed. Theoretically, 
no specimen of a material is completely opaque except at "infinite thickness". A speci¬ 
men may be considered to be opaque, however, when sufficiently thick that additional 
thickness produces no observable difference in opacity between that thickness and an 
infinite thickness. 

For a body of infinite thickness all energy will be either reflected or absorbed. 
The thickness which can be taken as infinite for practical purposes depends on the absorp¬ 
tion coefficient and is given by 
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where X is the infinite thickness and a is the absorption coefficient. 

The absorption coefficient depends strongly on wavelength. For most glasses it 
varies from the order of 0. 1 per cm for wavelengths below 2.5 /¿to about 10 per cm for 
wavelengths above 2. 5 ju. This means that a 0. 3-cm-thick sheet is effectively infinite at 
room temperature where most of the radiation is at long wavelengths, but that a 35-cm 
thickness is necessary at elevated temperatures. (10) Infinite thickness for most metals 
is in the order of a few hundred to a few thousand atomic diameters. 

In many cases it is necessary to obtain the emission properties of surfaces covered 
by special films or coatings of a different material. Many coatings are applied in a thick¬ 
ness at which they transmit significant amounts of radiation. In such a case, the emit- 
tance of a specimen will be influenced by the substrate material as well as the coating 
material. Usually the emittance of a metal specimen coated with a nonmetallic coating 
is much greater than that of the base metal, but often it is less than the emissivity of the 
coating material. (^) 

For most of the above we have assumed solid bodies and materials. All of the above 
relationships hold equally well for liquids. Gases, however, are different in their be¬ 
havior from solid and liquid bodies in that they radiate and absorb radiation only within 
certain limited wavelength ranges. Gases also, in contrast to solids and liquids, need 
great thicknesses to absorb the major part of incident radiation. 

Figure 5 shows the absorption distribution for water vapor. As with many gases, 
the radiation and absorption take place mainly at wavelengths longer than 1 /¿ and are, 
therefore, invisible. 

/< 

FIGURE 5. ABSORPTION COEFFICIENT VERSUS WAVELENGTH 
FOR WATER VAPOR 109 CM THICK AT 127 C 

From Eckert and Drake, Heat and Mass Transfer, 
McGraw-Hill Book Company, New York (1959), p 383. 

Figure 4 shows the change in the spectral-distribution curve for solar radiation due 
to absorption in the earth's atmosphere. 

The elementary gases such as hydrogen, oxygen, and nitrogen radiate no measur¬ 
able heat and are perfectly transparent to incident radiation for all practical purposes. 



REFERENCES 

(1) Worthing and Halliday, Heat, John Wiley and Sons, Inc. , New York (1948), p 435. 

(2) Brown and Marco, Introduction to Heat Transfer, McGraw-Hill Book Comoanv. 
New York (1958), p 54. 

(3) Temperature - Its Measurement and Control in Science and Industry, American 
Institute of Physics, Reinhold Publishing Corporation, "Temperature Radiation 
Emissivities and Emittances" (A. G. Worthing) (1941), pp 1164-1187. 

(4) Kingery, W. D. , Property Measurements at High Temperatures , John Wiley and 
Sons, Inc., New York (1959), p 92. 

(5) Richmond, J. C. , "Coatings for Space Vehicles", First Symposium - Surface 
Effects on Spacecraft Materials , John Wiley and Sons, Inc. , New York (I960, p 94. 

(6) A.S.T.M. Standards, Supplement for 1959, Revision to C-168, American Society 
for Testing Materials. ~ 

(7) Harrison, Richmond, Plyler, Stair, and Skramstad, "Standardization of Thermal 
Emittance Measurements", WADC Technical Report 59-510, March I960. 

(8) Eckert and Drake, Heat and Mass Transfer, 2nd Edition, McGraw-Hill Book 
Company, Inc. , New York (1959), p 37. 

(9) Jakob, Max, Heat Transfer, Volume 1, John Wiley and Sons, Inc , New York 
(1959), p 42. 

(10) Kingery, W. D. , Property Measurements at High Temperatures , John Wiley and 
Sons, Inc. , New York (1959), p 93. ' 

METHODS OF MEASUREMENT 

Measurements Needed 

Emittance was previously defined as the ratio of the rate of radiant emission from 
a body to that from a blackbody at the same temperature. From this definition we can 
see that, in order to measure the emittance from a body, we must measure three 
things — the rate of radiation from the body, its true (or blackbody) temperature, and the 
rate of radiation from a blackbody at the same temperature. The rate of radiation from 
a blackbody can be calculated by using Boltzmann's fourth-power law, R = ö T4, where 
R is the radiance (watts/cm2), 0 is Boltzmann's constant (5.673 x 10- 12 watts cm~2 K-4)^ 
and T is the absolute temperature (K). The rate of radiation and the temperature of the 
body must be determined experimentally. For nonblackbodies, Boltzmann's fourth-power 
law shows the rate of radiation from the body to be R = e a T4, where e is the emittance. 
Radiation detectors and temperature-measuring devices are described at the end of this 
section. 
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Methods for Making Emittance Measurements 

Let us consider a few of the methods used to measure emittance. Detailed descrip¬ 
tions of these methods and their related apparatus and equipment can be found in the ref¬ 
erences given for each method. 

Total-Emittance Measurements 

Hemispherical Total Emittance. One of the most common methods of measuring 
the hemispherical total emittance of electrically conducting materials is the so-called 
hole-in-tube method described by Worthing and Halliday. (1)* Measurements can be made 
at temperatures almost as high as the melting points of the materials. The specimen 
material is formed into a long, thin-walled tube, and a small hole is drilled through the 
wall of the tube near its center. Current electrodes are clamped at each end and it is 
suspended in a chamber whose walls are maintained at a known temperature that is below 
the temperature at which the measurements are to be made. Leads of fine wire are 
fastened to the tube equidistant from the hole so that the voltage drop in the central 
(evenly heated) portion of the tube can be measured. The tube is heated, by resistance 
heating, to the desired temperature. An optical pyrometer is sighted through a suitably 
placed window and through the small hole in the tube wall to measure the temperature of 
the inside of the tube. Since the inside of the tube is essentially in blackbody conditions, 
the temperature thus measured is the blackbody or true temperature. If the wall is thin 
enough, the inside and outside temperatures can be assumed to be the same. Sighting 
the optical pyrometer on the outside wall of the tube will give not true temperature but 
an apparent or brightness temperature, which is a function of the emittance of the outside 
wall. Emittance and the apparent or brightness temperature of the outside wall are dis¬ 
cussed below in the section "Normal Spectral Emittance". For thick-walled tubes, the 
outside temperature will be lower than the inside because of radiation to the chamber 
wall. An extrapolation from the inside temperature to the outside surface temperature 
of the tube can be made if the thermal conductivity of the material is known. If a window 
is used, the pyrometer must be calibrated through the window material to correct for 
any absorption by the window. If the chamber wall is maintained at a temperature, T0, 
such that the temperature, T, of the tube is much greater than T0, the hemispherical 
total emittance can be calculated from the relationship: 

IV 

2tt r 1 
y 

where 

I = current through the t'-ve, amperes 

V = voltage drop between potei,leads, volts 

r = the radius of the iv.bo cm 

1 = the distance uetween potential ^ Js , 

on pa^o, •References for this section are listed 0 and 31. 



19 

= the hemispherical total emittance 

0 = Boltzmann's radiation constant 

T = the blackbody temperature of the tube, K 

TQ = the temperature of the chamber wall, K. 

Another method of determining the hemispherical total emittance of materials 
having a high thermal conductivity is described by Drummeter and Goldsteinf2) and by 
Shaw(3). This method uses a small spherical specimen containing an internal heater, 
suspended in the center of a large, water-cooled, spherical chamber. The temperatures 
in this case are measured by suitably placed thermocouples. The same general princi¬ 
ples hold for this method as for the hole-in-tube method. 

J. H. Cairns^4) describes an apparatus for measuring the hemispherical total 
emittance of polished metals and alloys at temperatures from 100 to 900 C. The assem¬ 
bly consists, essentially, of a highly polished, hollow, cylindrical sample supported 
within an evacuated enclosure of only slightly larger dimensions. The temperature of 
the sample is raised above that of the enclosure by an internal heater within the sample. 
Observations are made of the rate of heat loss from the sample after the heater has been 
switched off. Heat losses other than by radiation are determined experimentally. Using 
the mass and specific heat of the sample and the rate of heat loss, Cairns has derived a 
special equation, based upon Boltzmann's fourth power law, from which the emittance 
can be obtained. Temperatures are measured with thermocouples. A method is also 
given for determining the specific heat, using the same initial conditions. 

With an apparatus similar in design to that described above for the hole-in-tube 
method, Allen, Glasier, and Jordanie) have measured the hemispherical total and nor¬ 
mal spectral emittances and the thermal conductivity of molybdenum, tantalum, and 
tungsten above ¿300 K. 

The specimens, in this case, are polished 1/8-inch-diameter rods. The electrical 
power input to the central section of the rod is determined, and the surface temperature 
is measured with a disappearing-filament optical pyrometer. An equation has been de¬ 
rived whereby the heat-flow rate and brightness temperature can be used to obtain the 
spectral emittance (e\). From this, the true temperature of the surface can be calcu¬ 
lated from Wien's equation, 

where 

Cz = Planck's second radiation constant 

X = wavelength of transmission of the pyrometer 

T = true temperature 

T' = apparent (brightness) temperature. 
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With the true temperature known, the total emittance can be calculated from Boltzmann s 
equation and the fact that the power input must equal the power radiated from the surface 

at equilibrium conditions, or 

EI s eht A 0 t4 > 

where 

E - voltage drop in the measured section 

I = current through the rod 

ejrt = total hemispherical emittance 

a = Boltzmann's constant 

T = true temperature. 

Richmond^) used essentially the same method, but at lower temperatures. A rod 
specimen is placed in a water-cooled vacuum envelope. The specimen is heated by 
passing a current through it, and the power input required to maintain a uniform temper¬ 
ature in a known length of the specimen near its midlength is measured. Temperatures 
of the specimen and the water-cooled shell are measured with thermocouples. The 

familiar relationship given above. 

EI = eht A a T4 , 

is used to calculate the hemispherical total emittance. 

A method for measuring the hemispherical total emittance of small, thin-disk 
specimens of metals and metal alloys was developed by Butler and Inn(^). The specimen 
is suspended by thermocouple wires inside a blackened, water-cooled vacuum chamber. 
A carbon arc is arranged outside a window in the vacuum chamber so that its radiation 
can be focused upon the specimen. When the specimen has been heated to the desired 
temperature by the converging rays from the arc, a shutter is placed between the arc 
and the specimen, and the rate of cooling of the specimen is determined by thermocouple 
readings. Knowing the mass and specific heat of the specimen, the emittance can be 

calculated from the relationship, 

me 
dT/dt 

ht A 0 (T4 - Tw4) 

where 

m = mass of the specimen 

c = specific heat of the specimen material 

dT/dt = rate of cooling of the specimen 

A = surface area of the specimen 
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a = Boltzmann's constant 

T = specimen temperature, K 

Tw = wall temperature, K. 

This method assumes no heat loss from the specimen by conduction through the thermo¬ 
couple leads and no molecular convection losses within the vacuum chamber. It also 
assumes negligible absorption or reflection by the specimen of radiation from the cham¬ 
ber walls. Suitable design and techniques must be used to minimize these possible 
errors. 

Normal Total Emittance. WadeW has developed a method for measuring the nor¬ 
mal total emittance of electrically heated strip specimens of metals and metal alloys. 
A total-radiation detector of the thermopile type is used to obtain the rate of radiation 
from a strip specimen and from a blackbody furnace at the same temperature. Suitably 
placed thermocouples are used to measure temperatures. The ratio of these two meas¬ 
urements is assumed to be the normal total emittance of the specimen. The rate of 
radiation is also measured at angles of from 0 to 60 degrees from normal to the speci¬ 
men surface. When no change in the emittance can be found as the angle varies, the 
specimen surface is considered to be diffuse and to obey Lambert's cosine law. The 
hemispherical total emittance is, therefore, equal to the normal total emittance. For a 
specimen whose surface is not diffuse, that is, in which the emittance varies with the 
angle of incidence, a double integration method developed by O'Sullivan and Wade(9) is 
used to calculate the hemispherical total emittance from the measured data. 

A method for measuring the normal total emittance of opaque, nonconducting ma¬ 
terials has been developed by Olson and Katz. (1®) Basically, this method consists of a 
tubular furnace in which the upright disk specimen moves back and forth past an opening 
in the wall through which the specimen surface can be measured. A total-radiation 
detector and its associated amplifying and indicating system measures the radiation 
alternately from the specimen surface and from a specially designed blackbody cavity 
which also moves past the opening. The ratio of the two readings is the normal total 
emittance of the specimen surface. 

A method devised by McMahon^ ^ has been used to measure, simultaneously, 
emittance, reflectance, and transmittance of transparent or semitransparent materials 
and emittance and reflectance of opaque materials. It consists of a small furnace en¬ 
closure having a small water-cooled aperture through one wall. A semicircular disk of 
the material to be measured is mounted on a shaft so that it can be rotated past, and 
close to, the aperture. A blackened, water-cooled shutter is positioned so that it can be 
lowered into the furnace, covering the inside of the aperture but with room for the speci¬ 
men disk to rotate between the aperture and the shutter. In operation, the radiation de¬ 
tector is adjusted to view the interior of the furnace through the water-cooled aperture. 
Assuming blackbody conditions in the furnace cavity, this first reading then is a measure 
of the blackbody radiation at that temperature. The specimen disk is then rotated past 
the aperture. A reading of blackbody transmission through the material plus that radi¬ 
ation emitted by the material itself is obtained. With the disk covering the aperture and 
the shutter inserted behind it, the. radiation emitted by the material itself is measured. 
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The emittance, reflectance, and transmittance of the disk can be determined, pro¬ 
vided blackbody conditions exist within the furnace cavity, and a small enough area of the 
disk is exposed to the cooled aperture to insure negligible cooling of the disk surface as 
it passes across the opening. 

The measured properties can be either normal total or normal spectral, depending 
upon the type of radiation detector used. 

Spectral-Emittance Measurements 

Normal Spectral Emittance. The hole-in-tube method described above for 
hemispherical-total-emittance measurements can also be used to obtain the normal 
spectral emittance. (12) The optical pyrometer (or other spectral detector) is sighted 
upon the inner tube surface through the small hole to obtain the blackbody temperature, 
T, and on the external tube wall beside the hole to obtain the spectral or apparent tem¬ 
perature, S^. The following relationship is then used to obtain the normal spectral 
emittance: 

i _ 2 , 1 1 » 
n nX - X T Sx 

whe re 

enX = l*16 normal spectral emittance at the measuring wavelength 

C¿ = the second radiation constant 

X = the wavelength at which the detector measures, microns 

T = the blackbody temperature, K 

Sx = the spectral or apparent temperature, K. 

The methods of Olson and Katz(10) and McMahoni1!), as mentioned above in con¬ 
nection with normal-total-emittance measurements, can also be used to measure normal 
spectral emittance merely by using a spectral detector instead of the total detector 
described. 

A modification of Worthing's(12) hole-in-tube method was used by Krishman and 
Jain* ' in conjunction with high-temperature thermal-conductivity measurements. A 
graphite tube with a small hole through its wall is used in a manner similar to that de¬ 
scribed by WorthingO> 12). A single turn of wire of the material whose emittance is to 
be measured is placed in a groove in the surface of the graphite tube near the sight hole 
in the constant-temperature section of the tube. Temperatures of the inside of the tube 
(blackbody temperature), the outside of the tube, and the surface of the wire are meas¬ 
ured with an optical pyrometer. The thermal conductivity of the graphite is used with 
the true temperature inside the tube to obtain the true temperature of the outside of the 
tube. This temperature is assumed to be the true temperature of the wire. Using this 
true temperature and the brightness temperature of the wire obtained with the pyrometer, 
the normal spectral emittance of the wire can be calculated from Wien's Law, as shown 
above for the hole-in-tube method. 
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McDonough^) has used a spectrophotometer and a single-beam optical system to 
measure the normal spectral emittance of materials, near room temperature, in the 
range of 4 to 13. 5 jU. The infrared spectrophotometer is used as a monochromator. 
The radiation from a blackbody at 360 K and that from another blackbody at room tem¬ 
perature are alternated on the entrance slit of the monochromator. A bolometer at the 
exit of the monochromator gives a signal proportional to the energy difference of the 
two blackbodies, which is amplified and measured. For a sample run, the 360 K black¬ 
body is replaced by a sample heated to 360 K. The radiation from the room-temperature 
blackbody is used to correct for energy reflected by the sample from the room itself, 
and is subtracted from the 360 K blackbody and the 360 K sample readings. The ratio of 
these two net readings then becomes the emittance of the sample at 360 K. 

Two methods for measuring the normal spectral emittance have been described by 
Richmond. (15,16) -phe first method measures the emittance of specimens, heated by 
passing a current through them, in the wavelength range 2 to 15 (15) The specimen 
and a blackbody furnace are mounted behind a blackened shield so that they can be moved 
to radiate alternately through an aperture to the measuring system. The measuring sys¬ 
tem consists of focusing mirrors and chopper and an infrared spectrometer. The output 
of the spectrometer is focused on a thermocouple detector, and suitably amplified and 
recorded. The ratio of the reading from this sample to that from the blackbody at the 
same temperature is the normal spectral emittance of the sample. 

The second methodflk) uses a double-beam, ratio-recording, infrared spectrom¬ 
eter which has been modified to record normal spectral emittance directly. Two sources, 
the blackbody furnace and a sample at the same temperature, are each situated so that 
their radiation is fed through a chopper which alternately passes one beam and then the 
other. This effectively produces an alternating split beam, with the two sources 180 
degrees out of phase. This split beam then passes through a system of combining mirror 
optics, where the beams follow the same path but are separated in time. The combined 
beam passes through the monochromator, the spectrometer, and to the thermocouple 
detector. The a-c signal from the detector is preamplified and fed to commutators on 
the chopper shaft where it is separated into two a-c signals proportional to the intensities 
of the respective beams. These two a-c signals are then amplified and rectified to pro¬ 
duce two d-c potentials whose ratio, recorded on a potentiometer, is equal to the normal 
spectral emittance of the specimen. 

Reflectance Measurements 

Emittance is sometimes determined from reflectance methods. If the material is 
opaque, Kirchoff's law shows that the emittance equals unity minus the reflectance, or 

e = 1 - r . 

Ried and McAlister^) used a reflectance method to measure the normal spectral 
emittance in the range from 2 to 15 ji. A Gier-Dunkle reflectometer( 18) was constructed 
so that a double-beam spectrometer could "look" through an entrance port normally at 
two different sections of the inner wall. The specimen, maintained at a constant temper¬ 
ature, is mounted flush with the inner wall of the blackbody cavity, at one of the viewing 
areas. The ratio of the readings from the sample and from the wall of the cavity yields 
the reflectance of the sample at a given wavelength. 
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A discussion of various methods for determining spectral reflectance is given by 
R. F. DunkleO^). He individually evaluates the most used types of reflectometers, 
including the Coblentz hemispherical reflectometeri^^lj^ thg paraboloidal reflectom- 
eter, and the integrating-sphere reflectometer. The Gier-Dunkle reflectometer is de¬ 
scribed in considerable detail. The only difference between its use by Dunkle and by Ried 
and McAllister(17) is that Dunkle uses a single-beam spectrometer instead of the double 
beam used by Ried and McAllister. Dunkle rotates the reflectometer to obtain alternate 
readings of the wall and the sample. 

General Considerations 

In the foregoing discussion it has been tacitly assumed that equilibrium conditions 
have prevailed. That is, whenever temperatures have been changed, measurements 
were not made until all bodies were again in equilibrium with their surroundings. The 
study of radiant emission under transient conditions is beyond the scope of this review. 

No consideration has been given to absorption or emission from gases. It is 
assumed that corrections will be made if absorbing and radiating gases are present or 
that the measurements will be made in a vacuum. 

Optical systems used with the various detectors or pyrometers have been largely 
ignored, with the assumption that all possible care will be taken to insure against any 
error in measurement resulting from their use. 

Only a few of the methods and corresponding apparatus are included in this review. 
A more detailed discussion of these can be found in the cited references. Other methods 
can be found in the publications cited in References 1,2, 12, 22, and 23. 

Radiation Detectors 

Depending on circumstances, we are sometimes interested in the radiating effects 
of all wavelengths taken collectively; at other times only the effects of spectral or mono¬ 
chromatic radiation are of interest. There are, therefore, two general groups of radia¬ 
tion detectors used in conjunction with radiation-measuring devices; the nonselective or 
total detectors and the selective or spectral detectors. A brief discussion of a few of 
each type wilfbe given. A more detailed description of their construction and operation 
is given in References 22-25. 

Total-Radiation Detectors 

Total, or nonselective, radiation detectors are those whose efficiencies depend but 
little on the spectral characteristics of the radiation being measured. Included in these 
are the thermocouple, the thermopile, the bolometer, and the pyroheliometer. 

The Thermocouple. A thermocouple consists of two wires of different metals 
joined to each other at their ends. When a temperature difference between these two 
junctions is produced, current flows in the circuit and a voltage known as a thermoelec¬ 
tric emf is produced. This voltage may be measured directly with a potentiometer or a 
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millivoltmeter. Radiation from a source of radiant energy focused upon one junction of 
such a thermocouple would heat this junction in a manner proportional to the amount of 
radiation being received. The emf output of a single thermocouple is sometimes quite 
small, depending upon the energy of radiation being received, and must be suitably am¬ 
plified for use. A beam chopper and a-c amplifier are ordinarily used for this purpose. 
The thermocouple detector, although one of the oldest, is still one of the best in use 

today. 

Many of the total-radiation detectors commercially available use thermocouple 
construction. Ordinarily, the thermocouple is so arranged that a collecting lens, or 
focusing front-surface mirror system, focuses the incoming radiation onto the hot junc¬ 
tion. It should be noted that any lens or system of optics will absorb or scatter some of 
the incident radiation and will be opaque or only semitransparent to some wavelengths. 
When lenses are used with a total-radiation detector, therefore, the radiation received 
by the detector is no longer total radiation. The optical system in most commercial 
total-radiation detectors, however, transmits radiation over a wide range of wavelengths. 
Front-surface mirrors, in general, are much less selective in the wavelengths reflected 
than is a lens through which the radiation must pass. 

The Thermopile. A number of thermocouples are sometimes connected so that the 
emf's produced are additive. This is known as a "thermopile". All of the "hot" junctions 
are placed so as to receive the radiation from the source, while the "cold" junctions are 
shielded from the incoming radiation. If the temperature and emittance are high enough, 
it is possible to measure the output directly with a meter or potentiometer. Although 
sensitivity and response may be less than that of a single thermocouple with an amplifier, 
the added convenience of operation and the simplification of circuitry are sometimes 

desirable. 

The Bolometer. The bolometer consists, essentially, of two thin metal strips 
blackened on one side. These strips form two arms of a Wheatstone bridge. Radiation 
is allowed to fall on one strip only, thereby raising its temperature and increasing its 
electrical resistance. This increase in resistance unbalances the Wheatstone bridge, 
which is indicated by a galvanometer deflection. 

The bolometer can be calibrated in terms of a known source of radiant energy. 
This instrument frequently is used in connection with a spectrometer, since the metal 
strips can be designed to correspond to a desired width of slit image. In recent years 
a number of bolometers have been designed, using thermistors in place of the metal 

strips. 

The Pyroheliometer. The pyroheliometer is used almost exclusively to measure 
solar radiation. There are two major types, absolute instruments and instruments which 
must be calibrated by comparing their indications with those of absolute instruments. 
Only the water-flow, absolute type will be discussed here. The water-flow type consists, 
essentially, of two identical cylindrical chambers with blackened interior walls closed 
completely except for an opening in one end of each chamber through which radiation may 
enter. The exterior walls of each chamber are formed about a water-flow channel which 
absorbs heat from the incident radiation. A thermopile with its hot junctions at the exit 
of the water channel of one chamber and the cold junctions at the exit of the other detects 
differences in temperature between the two heat-absorbing streams. A heater is wound 
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about each chamber. In operation, both chambers are immersed in a Dewar flask to / 
maintain a constant external temperature. Radiation is allowed to enter one chamber 
and the other io heated electrically until the output of the thermopile registers zero on a 
galvanometer. It is then assumed that the rate of heat produced by the entering radiation 
in one chamber is equal to the rate of heat produced electrically in the other. In the case 
of solar measurements, the irradiation of the orifice of the one chamber by the sun (e ) 
multiplied by the area of the orifice (A) is then equated to the electrical power input to 
the other chamber (P), or: 

es = P/A , 

from which the irradiance per unit area of the earth's surface (watts/cm2) can be 
determined, 

and where 

es is the irradiance, watts/cm2 

A is the orifice area, cm^ 

P is the electrical power, watts. 

Spectral or Selective Radiation Detectors 

Spectral or selective detectors are those whose efficiencies depend upon the spec* 
tral character of the incident radiation. These include the human eye, the photographic 
plate, the photovoltaic cell, and the photoelectric cell. The sensitivity of spectral de¬ 
tectors varies greatly with wavelength. They must, therefore, be calibrated in terms of 
a known radiation intensity at the wavelength desired, depending on the characteristics of 
the source and the instrumentation used, or calibrated by comparison with a total- 
radiation detector. 

The Human Eye. The eye is a radiation detector of unparalled sensitivity and, 
although limited to a small range of wavelengths and obviously incapable of accurate 
calibration, it can readily pick up small differences in color and intensity. It is exten¬ 
sively used in conjunction with color- and intensity-matching devices such as the optical 
pyrometer, which will be discussed under Temperature-Measuring Devices. 

Photographic Materials. Photographic plates or films are sensitive radiation de¬ 
tectors of the selective or spectral type. Therefore, they must be calibrated against 
some type of total-radiation detector. Exposure of the plate or film to incident radiation 
gives a response (the amount of developed silver, usually expressed as density) propor¬ 
tional in a complex manner to the intensity of the radiation and to the exposure time. In 
conjunction with the photographic material, some means of measuring the density of the 
developed film must be available. Ordinarily an instrument called a densitometer is 
used. This instrument is designed to measure the amount of light transmitted by the 
developed film or plate. 

This method of measuring radiant intensities can be used with precision only if a 
complete knowledge of the characteristics of the photographic material used is available 
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and the proper handling, developing, and measuring techniques are known. It is common 
practice to expose the same photographic emulsion to known amounts of radiation to fur¬ 
nish a calibrated density-exposure relationship. Usually, photographic materials are 
used for approximate determinations. Photographic emulsions are now available.for sen¬ 
sitivities over a wide range of wavelengths. 

The Photoelectric Tube. The photoelectric tube consists of tv/o metal electrodes 
in a vacuum or in a low-pressure gas. The positive electrode (anode) is maintained at a 
positive potential with respect to the negative electrode (cathode). Radiation, allowed to 
fall on the cathode, causes electrons to be emitted which are drawn across the space to 
the anode, producing a flow of current in an external measuring circuit. This current is 
proportional complexly to the amount of incident radiation. 

Most phototubes are sensitive only to a limited spectral range. They reach a high 
peak or maximum photocurrent at or near a certain wavelength and fall off sharply for 
longer or shorter wavelengths. Special tubes are commercially available from which 
one can choose maximum sensitivities over a wide range of wavelengths. 

Phototubes must be calibrated against a known source. 

The Photovoltaic Cell. One type of photovoltaic, or photo emf, cell (now generally 
considered obsolete) consists of a metallic surface covered with a thin film of a semi¬ 
conductor which is, in turn, covered by a translucent film of another metal. Exposure 
of the cell to radiant energy generates an emf of a few millivolts, which increases with 
increasing radiation. The internal resistance decreases with increasing radiation. When 
used with the proper value of external resistance, the response is nearly proportional to 
the incident energy. At present, photovoltaic cells based on silicon of controlled purity 
and with a diffused impurity to produce a p-n junction are largely supplanting the barrier- 
type photocells formerly based on selenium. 

The main advantage of these cells is that no external source of voltage is required, 
although ordinarily the low voltage obtained is suitably amplified for use. Modern silicon 
cells have a much higher voltage output than older types of photovoltaic cells. 

The spectral characteristics of the photovoltaic cell are quite similar to those of 
photoelectric cells. 

The Photoresistive Cell. Recent developments in solid-state physics have led to 
the construction of many radiation-sensing devices based on changes of electrical resist¬ 
ance of cadmium sulfide crystals and films. Capable of extremely wide changes in elec¬ 
trical resistance between the dark state and when illuminated, such photoresistive cells 
offer a new tool for measuring radiant energy. 

Temperature-Measuring Devices 

The measurement of low temperatures is usually called thermometry, whereas the 
measurement of high temperatures is called pyrometry. The normally accepted dividing 
line between thermometry and pyrometry is considered to be "dull red" heat, or about 
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1000 F. A number of temperature-measuring devices will be considered here. For 
further information the reader is referred to References 26-30. 

Low-Temperature Devices 

Several devices exist for the measurement of low temperatures, including liquid- 
in-glass thermometers; bimetal expansion thermometers; Bourdon-tube-type, filled- 
system thermometers; thermocouples; and resistance thermometers. However, in the 
discussion of the measurement of the radiation properties of materials, only the last two, 
thermocouples and resistance thermometers, will be discussed since they are the most 
widely used for radiant-energy measurements. 

fhe Thermocouple. Thermocouples were previously discussed in reference to 
total-radiation detectors. A number of standard thermocouple materials are manufac¬ 
tured, and for each type, the relation of temperature difference to thermal emf is well 
known. With proper care, thermocouples can be used to measure temperatures ranging 
from near the temperature of liquid nitrogen (-320 F) to above 3000 F, depending upon 
the type of thermocouple used and the conditions under which the measurements are 
made. 

The Resistance Thermometer. Basically, a resistance thermometer consists of a 
resistance coil or spiral, suitably shielded from contamination, mechanical damage, and 
strain, and with suitable lead wires to the measuring system. Temperature measure¬ 
ment consists of measuring the resistance of the thermometer coil, which changes with 
a change in temperature. Temperatures measurable with this type of instrument range 
from near absolute zero to 1300 F or higher, depending on the resistance-coil material. 

The platinum resistance thermometer is used as the International Standard between 
-190 C (-310 F) and 660 C (1220 F). Its resistance is usually measured with a Wheat¬ 
stone, Mueller, or other sensitive bridge. The operation of a resistance thermometer 
and that of a bolometer are similar. 

High- Temperature Devices 

The Human Eye. The eye is surprisingly sensitive to temperature changes between 
1000 F and 2750 F. As a body is heated (in a darkened room), the first visible radiation 
occurs for most individuals near 950 F. A dark-adapted eye, in a darkened room, may 
see visible radiation as a colorless glow at a temperature as low as 750 F. As the tem¬ 
perature is raised, more of the radiation is in the visible region, and the ¿olor changes 
from dull red to deep red at about 1200 F, and to bright red at about 1400 F. A trained 
eye can readily detect temperature changes of the order of 50 F, but actual temperature 
measurement by the unaided eye can be in error by 200 to 250 F. 

The Optical Pyrometer. The instrument most used in industry for the measure 
ment of high temperatures is the optical pyrometer. 
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This instrument uses the ability of the eye to distinguish brightness differences 
equivalent to a change of a few degrees of temperature when the two sources are close 
together in the field of view. 

Although many types of optical pyrometers are in use today, probably most used is 
the disappearing-filament type. The operator looks through the eyepiece and sees the 
filament of the pyrometer lamp super-imposed on the body whose temperature is being 
measured. He then varies the current through the filament, which changes its brightness 
until it matches that of the background and the filament seems to disappear. To minimize 
errors in color matching, a nearly monochromatic red filter is in the light path. Ordi¬ 
narily the filament-control rheostat is graduated directly in degrees. To extend the tem¬ 
perature range of the instrument, a gray filter (one whose absorptance does not change 
with wavelength) is rotated into the optical path in front of the filament. 

Optical pyrometers are usually calibrated against a standard tungsten lamp. 

It must be remembered that, when using an optical pyrometer, blackbody conditions 
must be present for the temperature reading to indicate true temperature. When meas¬ 
uring nonblackbodies in a cooler environment, an apparent temperature lower than the 
true temperature will be indicated, because the emittance is less than one. Conversely, 
in a hotter environment, the observed temperature will be higher than the true tempera¬ 
ture of the target. 

The Total-Radiation Pyrometer. Total-radiation pyrometers are many and varied. 
Those most frequently seen are of the thermopile or the bolometer type, similar to the 
total-radiation detectors but calibrated in temperature units. They can be of the "open" 
type or they can be sealed and use windows, lenses, and mirrors for focusing the incom¬ 
ing radiation and thereby keep out undesirable contaminants such as dust and dirt. To 
determine which instrument to use, a survey of the manufacturer's literature is sug- 
gested, A selection should be made for the specified conditions under which it will be 
used. 
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NORMAL AND HEMISPHERICAL TOTAL EMITTANCE OF TITANIUM 

Normal and Hemispherical Total Emittance of Titanium as a Function of Temperature-Reference Information 

Reference Investigator Symbol 
Composition and 

Surface Condition Test Method Remarks 

1 Bevans, Gier, and 
Dunkle 

4 

y 
o 
□ 
X 

TÍ-75A titanium 

300 hours at 600 F 
100 hours at 810 F 
306 hours at 820 F 
303 hours at 871 F 
303 hours at 1003 F 

No thermal treatment 

Normal total emittance. 
Calibrated thermopile 

detector. Temperatures 
measured with thermo¬ 
couples. 

Various oxidation 

treatments. Data 
taken from curves. 

2 

4 

I 

5 

6 

7 

Carpenter and Mair Magnesium reduced 
Iodine reduced 

Carpenter and 
Reavel 

0 Alpha phase, 
iodine reduced 

Dobbins Purity - 99+ 
per cent 

• Polished 
® Oxidized blue 
A Oxidized gray 

(100 hours at 
1200 F) 

Michaels and Wilford Purity - 95.5 

per cent (commercial 
purity) 

Skinner, Johnson, 
and Beckett 

Ä Alpha phase 
Ä Beta phase 

Wade T1-75A titanium 
A Polished 

• Oxidized, stable 

Hemispherical total 
emittance. Power 

dissipation of wire to 
concentric cylinder. 

Hemispherical total 
emittance. Power 

dissipation of wire to 
concentric cylinder. 

Normal total emittance. 
Calibrated thermopile 
detector. Temperatures 
measured with thermo¬ 
couples. Blackbody 
radiation calculated 
from known emittance of 
"secondary standard". 

Hemispherical total 
emittance. Power 

dissipation of wire to 
concentric cylinder. 
Temperatures measured 
with calibrated optical, 
pyrometer. 

Hemispherical total 
emittance. Hole-in- 
tube method. 

Normal total emittance. 
Calibrated thermopile 
detector. Comparison 

blackbody. Temper¬ 
atures measured with 
thermocouples. 

Measured in vacuum. 

Measured in vacuum; 

Measured in air. 
Data taken from 
curves. 

Measured in vacuum. 
Data taVen from 
curves. 

Measured in vacuum. 

Measured in air. 
Data taken from 
curves. 
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NORMAL SPECTRAL EMITTANCE OF TITANIUM 

Normal Spectral Emittance of Titanium—Reference Information 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

8 Blocher and Campbell 

9 Bradshav* 

10 Edwards, Johnston, 
and Ditmars 

11 Hass and Bradford 

5 Michaels and Wilford 

12 Powers and Wilhelm 

■ Purity - 99.5 per cent, 
magnesium reduced 
Polished 

0 Purity - 99.88 per cent 

Purity - 99.9 per cent 
iodine reduced 

+ As evaporated - 
0.15 thick 

M Oxidized 

A Purity - 99.5 per cent 
(commercial purity) 

Polished 
0 Crystal-bar titanium 
X Du Pont titanium 

Normal spectral emi'ttance. 
Optical pyrometer. 
Comparison blackbody. 

Normal spectral emittance. 
Induction-heated cylinder. 
Drilled blackbody hole. 

Normal spectral emittance. 
Hoi e-in-tube method. 

Normal spectral reflectance. 
Double beam, recording 
spectrophotometer. 

Normal spectral emittance. 
Surface brightness 
compared with blackbody 
hole. Calibrated optical 
pyrometer. 

Normal spectral emittance. 
Surface brightness 
compared with blackbody 
hole. Optical pyrometer. 
Resistance-heated strip 
specimens. 

Measured in air 

(A = 0.65A ). 

Measured in vacuum 

(A = 0-65A )• 

Measured in vacuum 

(A = 0.65A ). 

Titanium film 
evaporated on 
quartz in vacuum 
of 5 X 10"6 mm of 

Hg (A = 0.665A). 

Data taken from 
curves 

(A= 0.665A )• 

Measured in vacuum 

(A = 0.665/i ). 
Data taken from 
curves. 
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SPECTRAL EMITTANCE OF TITANIUM AS A FUNCTION OF WAVELENGTH 

Spectral Emittance of Titanium as a Function of Wavelength—Reference Information 

Reference Investigator Symbol 
Composition and 

Surface Condition Test Method Remarks 

11 Hass and Bradford 

1 Bevans, Gier, and 
Dunkle 

□ 

0 

Purity 99.9 per cent, iodine 
reduced 

Freshly deposited opaque 
film 

Heated in air at 400 C for 
3 hours (oxide film of 
about 0.03A ) 

Spectral reflectance. 
Double-beam recording 
spectrophotometer. 
Measurements made at 
"close to normal inci¬ 
dence". 

f No thermal treatment 
A 303 hours at 1003 F. 

Spectral reflectance at 
5° from normal. Gier- 
Dunkle reflectometer'. 
Temperatures measured 
with thermcouples. 
Diffuse illumination - 
normal viewing. 

Film evaporated on 
quartz in vacuum 
of 5 X 10"6 mm of 
Hg. Measured in 
air at room 
temperature. 
Data taken from 
reflectance 
curves. 

Measured in air at 
room temperature. 
Data taken from 
reflectance 
curves. 
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NORMAL SPECTRAL EMIJTANCE OF TITANIUM AT 480 F 

NORMAL SPECTRAL EMITTANCE OF TITANIUM AT 480 F—REFERENCE INFORMATION 

Composition and 
Reference Investigator Symbol Surface Condition Test Method Remarks 

15 Adams, J. G. As received 
Heated 30 minutes in air 
at 800 F 

Heated 30 minutes in 
2.8 X 10“-1 mm Hg pressure 
at 800 F 

Normal spectral emittance. 
Furnace-heated disk speci¬ 

men. 
Comparison blackbody 

(Hohlraun). 
Spectrometer-mono¬ 
chromator with photo¬ 
multiplier, lead 
sulphide, and thermo¬ 
couple detectors. 

Temperatures measured 
with thermocouples. 

Measured in air. 
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NORMAL SPLCTRAL EMITTANCE OF TITANIUM AT 930 F 

NORMAL SPECTRAL EMITTANCE OF TITANIUM AT 930 F—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

15 Adams, J. G. As received 
Heated 30 minutes in air at 

800 F 
Heated 30 minutes in 2.8 x 

10--1 mm Hg pressure at 

800 F 

Normal spectral émittance. Measured in air. 
Furnace-heated disk speci¬ 

men. 
Comparison blackbody 

(Hohlraun). 
Spec trometer-mono- 
chromator with photo¬ 
multiplier, lead sulphide, 
and thermocouple de¬ 

tectors. 
Temperatures measured with 
thermocouples. 
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NORMAL SPECTRAL EMITTANCE OF TITANIUM AT 1380 F 

NORMAL SPECTRAL EMITTANCE OF TITANIUM AT 1380 F—REFERENCE INFORMATION 

Composition and 
Reference Investigator Symbol Surface Condition Test Method Remarks 

Ih Adams, J. G. As received 

Heated 30 minutes in air 
at 800 F 

Heated 30 minutes at 2.8 x 
10-5 mm Hg at goo F 

Normal spectral emittance. Measured in air. 
Furnace-heated disk speci¬ 
men. 

Comparison blackbody 
(Hohlraun). 

Spectrometer-mono¬ 
chromator with photo¬ 

multiplier, lead sulphide, 
and thermocouple de¬ 
tectors. 

Temperatures measured with 
thermocouples. 

S
p
e
c
tr

a
l 

R
e
fle

ct
a
n
ce

 



N
o
rm

a
l 

T
o
ta

l 
E

m
it
ta

n
c
e

 

1 

— 

— 

• » 
» 

■B— 

• • 
—r A_ lized 

» 
• 

—T 
/ 

yj - 

■"l 0 B- 

y 
> 

_ 

4 y * 
• y 

y 

r-Pr— 

- 
y- ' 0 

^0- 

— 

— 

llh 11 1 « < I 1 I Q 

-400 -200 0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 

Temperature, F o-2e«e» 

NORMAL TOTAL EMITTANCE OF ALLOY Ti-SAl-2.5Sn 

Normal Total Emittance of Alloy Ti-5Al-2.5Sn—Reference Information 

Composition and 
Reference Investigator Symbol Surface Condition Test Method Remarks 

13 Olson and Morris • 
0 

Polished 
Oxidized 30 minutes 
at red heat 

Normal total emittance. 
Resistance-heated specimen. 
Thermistor-bolometer de¬ 
tector. Temperatures 
measured with thermo¬ 
couples. 

Measured in air; 
three cycles. 
Curve A shows 
first cycle; 
Curve B shows com¬ 
bined second and 
third cycles. 
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NORMAL SPECTRAL EMITTANCE OF ALLOY Ti-bAl-2.5Sn 

Normal Spectral Emittance of Alloy Ti-5Al-2.5Sn—Reference Information 
I I 

Reference Investigator Symbol 
Composition and 

Surface Condition Test Method Remarks 

14 Betz, Olson, Schurin, A 
and Morris • 

□ 

Polished 
As received or wiped 

clean 
Oxidized 

Normal spectral emittance. 
Modified hole-in-tube 
method. Drilled black- 
body hole. Temperatures 
measured with thermo¬ 
couples. 

Measured in vacuum 
(A = 0.665/* ). 
Data taken from 
curves. 
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NORMAL TOTAL EMITTANCE OF ALLOY Ti-8Mn 

Normal Total Emittance of Alloy Ti-8Mn—Reference Information 

Reference Investigator Symbol 

Composition and 
Surface Condition Test Method Remarks 

14 Betz, Olson, • 
Schurin, and Morris 

A 

1 Bevans, Gier, and • 
Dunkle + 

A 
O 
□ 
X 

As received, cleaned, and 

polished 
Oxidized 

300 hours at 600 F 
100 hours at 810 F 
306 hours at 820 F 
303 hours at 871 F 
303 hours at 1003 F 
No thermal treatment 

Normal total emittance. 
Resistance-heated 
specimen. Thermistor- 
bolometer detector. 
Comparison blackbody 
Temperatures measured 
with thermocouples. 

Normal total emittance. 
Calibrated thermopile 
detector. Temperatures 

measured with thermo¬ 

couples. 

Measured in vacuum. 
Data taken from 

curves. 

Various oxidation 
treatments. 
Measured in air. 
Data taken from 
curves. 
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NORMAL SPECTRAL EMITTANCE OF ALLOY Ti-8Mn 

I 

Normal Spectral Emittance of Alloy Ti-8Mn—Reference Information 

, Composition and 
Reference Investigator Symbol Surface Condition Test Method Remarks 

14 Betz, Olson, Schurin, • 
and Morris 

& 

As received, or wiped 
clean 

Polished 
Oxidized 

Normal spectral emittance. 
Self-resistance heating. 
Modified hole-in-tube 
method. 

Measured in vacuum. 
(> = 0.665/“ ). 
Data taken from 
curves. 
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SPECTRAL EMITTANCE OF ALLOY Ti-8Mn AS A FUNCTION OF WAVELENGTH 

Spectral Emittance of Alloy Ti-8Mn as a Function of Wavelength-Reference Information 

o i 
£ 

P 
V a. 
(/) 

Reference •Investigator Symbol 

Composition and 
Surface Condition Test Method Remarks 

71 

14 Betz, Oison, Schurin, 

and Morris 

As received 

1 Bevans, Gier, and 

Dunkle 

303 hours at 1003 F 
No thermal treatment 

Spectral reflectance. 
Monochromator, inte¬ 

grating sphere, lead 
sulfide detector, and 
MgO standard. Near 
normal (9°) irradiation - 
diffuse viewing. 

Spectral re.xectance. 
Gier, Dunkle reflecto- 

meter. Diffuse 
illumination - near normal 
(b°) viewing. 

Measured in air at 
room temperature. 
Data taken from re¬ 
flectance curves. 

Measured in air at 
room temperature. 
Data taken from re¬ 
flectance curves. 
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NORMAL TOTAL EMITTANCE OF ALLOY TI-6AI-4V 

Normal Total Emittance of Alloy Ti-6Al-4V~Reference Information 

Reference Investigator Symbol 
Composition and 

Surface Condition Test Method Remarks 

13 Olson and Morris 

7 Wade 

A 
■ 

O 

Oxidized 
Polished 
Smoothed data after 
three cycles in air 

Stably oxidized at 
1S00 F 

Normal total emittance. 
Resistance-heated specimen. 
Thermistor-bolometer de¬ 
tector. Comparison black- 
body. Temperatures 
measured with thermocouples. 

Measured in air. 
First and second 
cycles for the 
polished specimen 
are indicated. 
Data taken from 
curves. 

Normal total emittance. Measured in air. 
Resistance-heated ribbon Data taken from 
specimen. Total-radiation curves, 
pyrometer. Comparison 
blackbody. Temperatures 
measured with thermocouples. 



N
o
rm

al
 

S
p
e
c
tr

a
l 

E
m

it
ta

n
c
e

 

I 

NORMAL SPECTRAL EMITTANCE OF ALLOY T1-6A1-4V 

Normal Spectral Emittance of Alloy T1-6A1-4V—Reference Information 

Reference Investigator Symbol 
Composition and 

Surface Condition Test Method Remarks 

14 Betz, Olson, Schurin, 
and Morris 

A Polished 
• As received or wiped 

clean 
■ Oxidized 

Normal spectral emittance. 
Modified hole-in-tube 
method. Drilled black- 
body hole. Temperatures 
measured with thermo¬ 
couples. 

Measured in vacuum 
(A = 0.665A ). 
Data taken from 
curves. 
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NORMAL SPECTRAL EMITTANCE OF TITANIUM-VANADIUM ALLOYS 

Normal Spectral Emittance of Titanium-Vanadium Alloys—Reference Information 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

12 Powers and Wilhelm 

X 

o 
A 

Polished specimens 

T1-7.55V and TÍ-14.77V 

T1-20V 

T1-26V 

Normal spectral emittance. 

Resistance-heated strip 

specimens. Drilled 

blackbody hole. 

Optical pyrometer. 

Measured in vacuum 

of 0.1 micron 

(A = 0.665A ). 
Data taken from 

curves. 
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NORMAL SPECTRAL EMITTANCE OF MOLTEN STAINLESS STEELS 

NORMAL SPECTRAL EMITTANCE OF MOLTEN STAINLESS STEELS—REFERENCE INFORMATION 

Reference Investigator Symbol 

Composition and 

Surface Condition Test Method Remarks 

1 Goller, G. N. None Molten. Measured at lip 

while pouring. 

(Analysis of each type 

given below.) 

Normal spectral 

emittance. 

Calibrated optical 

pyrometer. 

Immersion thermo¬ 

couple. 

Analysis of steels studledi 

_Steel C 

27 Cr 0.126 

18-10 (0.89 Cb) 0.070 

18-10 (0.36 Ti) 0.054 

16 Cr 0.067 

12 Cr 0.093 
16-2 0.144 

18-12-3 Mo 0.049 

18-9 0.056 
27-20 0.106 

18-9 (0.326 S) 0.071 

12 Cr (0.334 S) 0.089 

18-9 (0.29 Se) 0.071 

Mn 

0.43 

1.27 

1.32 
0.47 

0.39 
0.41 

1.58 

0.48 

1.60 

0.65 

0.39 

0.87 

P 

0.026 

0.020 
0.025 

0.012 
0.012 
0.018 

0.019 

0.016 

0.023 

0.016 

0.015 

0.156 

S 

0.021 
0.020 
0.018 

0.018 

0.021 
0.022 
0.010 
0.019 

0.016 

0.326 

0.334 

0.021 

Cr 

26.80 

17.96 

18.34 

16.27 

12.00 
16.44 

17.05 

17.98 

26.47 
18.54 

12.21 
18.50 

0.67 

0.55 

0.79 
0.34 

0.25 

0.45 

0.52 

0.38 

0.48 

0.38 

0.27 

0.60 

0.33 

11.01 
10.87 

0.40 

0.21 
1.82 

12.42 

9.01 

21.67 

9.59 

0.19 
8.74 

Mo 

0.44 

2.43 

0.38 

0.40 

Other 

0.89 Cb 

0.35 Ti 

0.29 Se 

Measured in air. 

Data actually fell 

in flattened s- 

shaped curves, but 

were reported as 

straight lines for 

illustration 

purposes. 

(No wavelength 

given for the Pyro 

optical pyrometer 

used - probably 

near 0.65/* .) 
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VARIATION IN THE NORMAL SPECTRAL EMITTANCE OF MOLTEN STEELS WITH ADDITIONS OF SELECTED ELEMENTS 

VARIATION IN THE NORMAL SPECTRAL EMITTANCE OF MOLTEN STEELS WITH ADDITIONS 
OF SELECTED ELEMENTS—REFERENCE INFORMATION 

Compc..iticn and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

1 Goller, G. N. 0 Molten. Measured at lip 
while pouring. 

(Analysis given on 
previous information 

sheet.) 

Normal spectral 
emittance. 

Calibrated optical 
pyrometer. 

Immersion thermo¬ 
couple. 

Measured in air. 
(No wavelength given 
for the Pyro 
optical pyrometer 
used.) 

Note i The author shows the following effects 
of increasing concentrations of various 
alloying elements upon the emittance. 

Element Emittance 

Cr 
Mn 
Ti 
Cb 
Ni 
Si 
S 

Se + P 
C 
Mo 

Increases 
Increases 
Increases 
Increases 
Decreases 
Decreases 
Decreases 
Decreases 

No appreciable effect 
No appreciable effect 
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NORMAL TOTAL EMITTANCE OF STAINLESS STEEL TYPE 18-8 

NORMAL TOTAL EMITTANCE OF STAINLESS STEEL TYPE 18-8—REFERENCE INFORMATION 

Reference Investigator Symbol 

Composition and 
Surface Condition Test Method Remarks 

2 Snyder, Gier, and 
Punk le 

O 

A 

□ 

V 
X 

Nominal composition. 
Oxidized at IbOO F and 
weathered 

Sandblasted and weathered 
Chromic and sulfuric acid 
treated 

Unpolished 
Polished 

Normal total emittance. 
Thermopile detector. 
Temperatures measured 
with thermocouples. 

Measured in air. 
Data taken from 
curves. 



N
o

rm
a

l 
T

o
ta

l 
E

m
it
ta

n
c
e

 

56 

NORMAL TOTAL EMITTANCE OF STAINLESS STEEL TYPE 301 

NORMAL TOTAL EMITTANCE OF STAINLESS STEEL TYPE 301—REFERENCE INFORMATION 

Composition and 
Reference Investigator Symbol Surface Condition Test Method Remarks 

3 

4 

Wilkes, G. B. 

Anthony and Pearl 

First Heatingi 
0 As received 
A Clean and smooth 
□ Polished 

After Repeated Heating 
and Coolingi 

9 As received 
A Clean and smooth 
■ Polished 

Normal total emittance. 
Total radiation de¬ 
tector. 

Comparison blackbody. 
Temperature measured 
with thermocouples. 

Measured in 10 
micron pressure 
of helium. 

Data taken from 
table. 

X As received 
(Surface oxidation in¬ 
dicated after test) 

Normal total emittance 
Calibrated thermopile 
detector. 

Comparison blackbody. 
Temperatures measured 
with thermocouples. 

Measured in flow 
of helium gas. 

Data taken from 
table. 
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NORMAL SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE 301 

NORMAL SPECTRAL EMITTANCE OF STAINLESS STEEL IÏPE 301—REFERENCE INFORMATION 

Reference Investigator Symbol 

Composition and 
Surface Condition Test Method Remarks 

Weber, D. 0 Measured at. 230 F 
X Measured at 86 F 

(Samples in as-received 
condition) 

Normal spectral emittance. 
Infrared spectrometer. 
Comparison blackbody. 
Temperatures measured 
with thermocouples. 

Measured in air 
at 230 and 
86 F. 

Data taken from 
curves. 
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TOTAL SOLAR ABSORPTANCE OF STAINLESS STEEL TYPE 301 AT 100 F 

TOTAL SOLAR ABSORPTANCE OF STAINLESS STEEL TYPE 301 AT 100 F—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

3 Wilkes, G. B. □ Polished 

A Clean and smooth 

O As received 

Total solar absorptance. 

Comparison standards. 

Comparison pyroheliometer. 

Output measured with 

thermocouples. 

Measured in air 
at 100 F. 

Temperatures 

shown are those 

to which samples 

had been heated 

previous to 

tests. 

Data taken from 

curves. 
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HEMISPHERICAL TOTAL ABSORPTANCE OF STAINLESS STEEL TYPE 302 

HEMISPHERICAL TOTAL ABSORPTANCE OF STAINLESS STEEL TYPE 302—REFERENCE INFORMATION 

Reference Investigator Symbol 
Composition and 

Surface Condition Test Method Remarks 

7 Fulk and Reynolds □ Commercial ball type Hemispherical total ab- Measured in 

X 0.005-inch-thick sheet sorptance. vacuum. 

Calibrated calorimeter. 
Heat transfer measured 
by liquid nitrogen 
boil-off. 
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HEMISPHERICAL TOTAL EMITTANCE OF STAINLESS STEEL TYPE 303 

HEMISPHERICAL TOTAL EMITTANCE OF STAINLESS STEEL 1YPE 303—REFERENCE INFORMATION 

Reference Investigator Symbol 

Composition and 
Surface Condition Test Method Remarks 

7 Wade, W. R. X Stably oxidized 60 minutes 

at 2000 F 

Normal total emittance 
Total radiation pyro¬ 

meter. 
Comparison blackbody. 
Temperatures measured 
with thermocouples. 

Measured in air 
at various 
angles to the 
normal. 

Normal emittance 
equals hemi¬ 
spherical 
emittance for 
this specimen. 
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NORMAL TOTAL EMITTANCE OF STAINLESS STEEL TYPE 316 

NORMAL TOTAL EMITTANCE OF STAINLESS STEEL TYPE 316 REFERENCE INFORMATION 

First Heatings 
As received 
Clean and smooth 
Polished 

Normal total emittance. 
Total radiation de¬ 

tector. 
Comparison blackbody. 
Temperatures measured 

Measured in 10 
micron pressure 

of helium. 
Data taken from 

table. 

A 

Betz, Olson, Schurin, 7 

and Morris 
+ 

After Repeated Heating 

and Coolings 
As received 
Clean and smooth 
Polished 

Rms finish of approxi¬ 
mately 15 microinches 

Rms finish of approxi¬ 
mately 2 microinches. 

Normal total emittance 
Thermistor-bolometer 
detector. 

Resistance heated 
strip specimens. 

Comparison blackbody. 
Temperatures measured 
with thermocouples. 

Measured in 
vacuum. 

Data taken from 
curves. 
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Temperature, F 

TOTAL SOLAR ABSORPTANCE OF STAINLESS STEEL TYPE 316 AT 100 F 

TOTAL SOLAR ABSORPTANCE OF STAINLESS STEEL TYPE 316 AT 100 F—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

3 Wilkes, G. B. □ Polished 
A Clean and smooth 
0 As received 

Total solar absorptance. 
Comparison standards. 
Comparison pyro- 
heliometer. 

Output measured with 
thermocouples. 

Measured in air 

at 100 F. 
Temperatures 

shown are those 
to which 
samples had been 
heated previous 
to tests. 

Data taken from 
table. 



N
o

rm
a

l 
T

o
ta

l 
E

m
it
ta

n
c
e

 

64 

NORMAL TOTAL EMITTANCE OF STAINLESS STEEL TÍPE 321 

NORMAL TOTAL EMITTANCE OF STAINLESS STEEL TYPE 321—REFERENCE INFORMATION 

Reference 
Composition and 

Investigator Symbol Surface Condition Test Method Remarks 

3 

9 

Betz, Olson, Schurin, O 
and Morris A 

□ 
X 

Douglas A 

Finish - 2 microinches rms 
Finish - not given, except 

(No. 2 bright) 

Finish - 6 microinches rms 
Finish - 6 microinches rms 
Oxidized 30 min at red heat 

Normal total emittance 
Thermistor-bolometer 
detector. 

Resistance heated 

strip specimens. 
Comparison blackbody. 
Temperatures measured 
with thermocouples. 

Measured in 
vacuum. 

Data taken from 
curves. 

Oxidized 15 minutes at 
1800 F 

Normal total emittance. Measured in air. 
Rotating sample in Data taken from 
blackbody furnace. table. 

Total radiation pyro¬ 
meter. 

Temperatures measured 
with thermocouples. 
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NORMAL SPECTRAL EMITTANCE OF STAINLESS STEEL TOE 321 

NORMAL SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE 321—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

8 Betz, Olson, Schurin, O 

and Morris 

A 

2 to 6 microinches rms 

finish 
6 microinch rms finish 
oxidized 30 min at red 

heat 

Normal spectral 
emittance. 

Hole-in-tube method. 
Optical pyrometer. 

Measured in 
vacuum. 

Data taken from 
curves. 

(>, = 0.665/< ) 
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SPECTRAL EMITTANCE OF STAINLESS STEEL TÏPE 321 

SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE 321—REFERENCE INFORMATION 

Reference Investigator Symbol 

Composition and 
Surface Condition Test Method Remarks 

10 Olson and Morris Oxidized 

11 Bevans, Gier, and 

Dunkle 
A 
0 

No thermal treatment 
1000 hours at 705 F 

12 Richmond and Stewart □ 
0 ■ 

Electropoli shed 

Sandblasted 
Electropolished, 

oxidized l/2 hour 
at 1800 F 

Sandblasted, oxidized 
1/2 hour at 1800 F 

(All measurements at 

1200 F) 

Spectral reflectance 
at 9 degree! from 
the normal. 

Monochromator, inte¬ 
grating sphere re- 

flectometer, and 
lead sulphide de¬ 
tector. 

"Normar1 illumi¬ 
nation, hemispherical 
viewing. 

Spectral reflectance 
at b degrees from 
the normal. 

Gier-Dunkle reflectó¬ 
me ter. 

Monochromator. 
Temperatures measured 
with thermocouples. 

Diffuse illumination, 
"normal" viewing. 

Normal spectral 
emittance. 

Recording, double¬ 

beam spectro¬ 
photometer. 

Comparison blackbody. 
Temperatures measured 
with thermocouples. 

Measured in air 
at room temper¬ 
ature. 

Data taken from 
reflectance 

curve. 

Measured in air. 
Data taken from 
reflectance 
curves. 

Measured in air. 
Data taken from 
table. 

Measured at 
1200 F. 
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NORMAL TOTAL EMITTANCE OF STAINLESS STEEL TYPE 347 

NORMAL TOTAL EMITTANCE OF STAINLESS STEEL TYPE 347—REFERENCE INFORMATION 

Composition and 
Reference Investigator Symbol Surface Condition Test Method Remarks 

3 Wilkes, G. B. 

7 Wade, W. R. 

13 . Dobbins, J. P. 

First Heatings 
0 As received 
A Clean and smooth 
□ Polished 

After Repeated Heating 
and Cooling* 

# As received 
A Clean and smooth 
■ Polished 

X Stably oxidized at 
2000 F 

0 Bare (polished) 
f Oxidized blue 

(100 hours at 1200 F) 

Normal total emittance. 
Total radiation de¬ 
tector. 

Comparison blackbody. 
Temperatures measured 
with thermocouples. 

Measured in 10 
micron pressure 
of helium. 

Data taken from 
table. 

Normal total emittance 
Thermopile detector. 
Comparison blackbody. 
Temperatures measured 
with thermocouples. 

Measured in air. 
Measurements were 

taken normally 
and at various 
angles with the 
normal. 

Normal total 
equals hemi¬ 
spherical total 
emittance for 
tnis specimen. 

Data taken from 
curve s^. 

Normal total emittance. Measured in air. 
Calibrated thermopile Data taken from 
detector. curves. 

Temperatures measured 
with thermocouples. 

Blackbody' radiation 
calculated from known 
emittance of 
"secondary standard". 
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Temperature, F 

TOTAL SOLAR ABSORPTANCE OF STAINLESS STEEL TYPE 347 AT 100 F 

TOTAL SOLAR ABSORPTANCE OF STAINLESS STEEL TYPE 347 AT 100 F—REFERENCE INFORMATION 

Composition and 
Reference Investigators Symbol Surface Condition Test Method Remarks 

3 Wilkes, G. B. O As received 
A Clean and smooth 
□ Polished 

Total solar absorptance. 
Comparison standards. 
Comparison pyro- 

heliometer. 
Output measured with 

thermocouples. 

Measured in air 
at 100 F. 

Temperatures 
shown are those 
to which samples 
had been heated 
previous to 
tests. 

Data taken from 
table. 
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1 

Surfoce Treatment 

Absorptance , per cent 

Solar Radiation Terrestrial Radiation 

Untreated 

Fine sandblasted 

Fine sandblasted, heated in 
air to 600 F 

74 2 

72.4 

80.7 

40 1 

49.8 

43 2 

TOTAL SOLAR AND TERRESTRIAL ABSORPTANCE OF STAINLESS STEEL TYPE 410 

TOTAL SOLAR AND TERRESTRIAL ABSORPTANCE OF STAINLESS STEEL TYPE 410—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

14 Shipley and 

Thostesen 

As shown in table Calculated from re¬ 
flectance data and 
the known energy 
distribution curve 

for solar radiation 
(or for a 250 K 
blackbody for 

terrestrial radi¬ 
ation) outside the 
earth's atmosphere. 

Graphical inte¬ 
gration. 

Reflectance data 
were extrapolated 
with relatively 
small error. 

Reflectance data 
obtained from the 
University of 
California 
(Berkeley). 
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i 

Absorptance, per cent 
Surface Treatment 

Etched 

Fine sandblasted, heated in air 
to 600 F 

Etched and heated in air 

Solar Radiation 

62.3 

73.2 

63.9 

Terrestial Radiation 

17.0 

39.3 

159 
to 600 F 

Lightly abraded with 600-mesh 
aluminum, by hand 

599 14.3 

TOTAL SOLAR AND TERRESTRIAL ABSORPTANCE OF STAINLESS STEEL TYPE 430 

TOTAL SOLAR AND TERRESTRIAL ABSORPTANCE OF STAINLESS STEEL TYPE 430—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

14 Shipley and 

Thostesen 
As shown in table Calculated from re¬ 

flectance data and 

the known energy 

distribution curve 

for solar radiation 

(or terrestrial radi¬ 

ation) outside the 

earth's atmosphere. 

Graphical integration. 

Reflectance data were 

extrapolated with 

relatively small 

error. 

Reflectance data 

obtained from 

the University 

of California 

(Berkeley). 
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NORMAL TOTAL EMITTANCE OF STAINLESS STEEL TYPE 446 

NORMAL TOTAL EMITTANCE OF STAINLESS STEEL TYPE 446—REFERENCE .INFORMATION 

Reference 
Composition and 

Investigator Symbol Surface Condition Test Method 
Remarks 

8 Betz, Olson, Schurin, 0 
and Morris 

Polished: surface finished Normal total emittance. 
to 15 and 2 microinches Thermistor-bolometer 

rms detector. 

Resistance-heated 
strip specimens. 

Comparison black- 
body. 

Temperatures measured 
with thermocouples. 

Measured in 
vacuum. 

Data taken from 
curves. 
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SPECTR/U. EMITTANCE OF STAINLESS STEEL TYPE 446 

SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE 446—REFERENCE INFORMATION 

Reference 
Composition and 

Investigator Symbol Surface Condition Test Method Remarks 

8 €etz, Olson, Schurin, 0 

and Morris 

A 

Polished! 15 microinches 
rms 

Polished: 2 microinches 
rms 

Spectral reflectance 

at 9 degrees to the 

normal• 

Monochromator, inte¬ 

grating sphere re- 

flectometer, and 
lead sulfide de¬ 

tector. 

"Normal" illumi¬ 

nation, hemispherical 
viewing. 

Measured in air 

at room temper¬ 

ature. 

Data taken from 

reflectance 

curves. 
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NORMAL TOTAL EMITTANCE OF STAINLESS STEEL TYPE AM-350 

NORMAL TOTAL EMITTANCE OF STAINLESS STEEL TYPE AM-350—REFERENCE INFORMATION 

Reference Investigator Symbol 

Composition and 
Surface Condition 

Betz, Olson, Schurin, 0 

and Morris 
X 

Polished! 2 microinches 

rms 
2 microinches rms - 
oxidized 

Test Method Remarks 

Normal total Measured in 
emittance. vacuum. 

Thermistor-bolometer Data taken from 

detector. curves. 
Resistance-heated 

strip specimens. 
Comparison blackbody. 
Temperatures measured 
with thermocouples. 
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Temperature,F 

NORMAL SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE AM-350 
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NORMAL SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE AM-350—REFERENCE INFORMATION 

Reference Investigator Symbol 

Composition and 
Surface Condition Test Method Remarks 

8 3etz, Oison, Schurin, A 

and Morris 
O 

Poli shed i surface finished Normal spectral 
to 15 and 2 microinches rms emittance. 

2 microlnch surfaces oxidized Hole-in-tube method. 
Optical pyrometer. 

Measured in 
vacuum. 

(A = 0.665 A ) 
Data taken from 
curves. 
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NORMA:. SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE AM-350 AT 480 F 

NORMAL SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE AM-350 AT 480 F—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

16 Adams, J. G. As received 

Heated 30 minutes in air 

at 900 F 

Heated 30 minutes in 4.4 x 

lO“-5 mm Hg pressure at 

900 F 

Normal spectral emittance. Measured in air. 

Furnace-heated disk speci¬ 

men. 

Comparison blackbody 

(Hohlraun). 

Spectrometer-mono¬ 

chromator with photo¬ 

multiplier, lead sulphide, 

and thermocouple de¬ 

tectors. 
Temperatures measured with 

thermocouples. 
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i.UKMAL SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE AM-350 AT 930 F—REFERENCE INFORMATION 

Reference Investigator 

16 

Symbol 
Composition and 

Surface Condition 

Adams, J. G. 

Test Method 

As received 

Heated 30 minutes in air at 
900 F 

Heated 30 minutes in 4,4 x 

10-5 mm Hg pressure at 900 F 

Rema rk s 

Normal spectral emittaoce. 

Furnace-heated disk speci¬ 
men. 

Comparison blackbody 
(Hohlraun). 

Spectrometer-mono¬ 
chromator with photo¬ 
multiplier, lead 

sulphide, and thermo¬ 
couple detectors. 

Temperatures measured 
with thermocouples. 

Measured in air. 
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NORMAL SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE AM-350 AT 1380 F 

NORMAL SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE AM-350 AT 1380 F—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

16 Adams, J. G. As received 

Heated 30 minutes in air 

at 900 F 
Heated 30 minutes in 4.4 x 

10-5 mm Hg pressure at 

900 F 

Normal spectral emittance. Measured in air. 

Furnace-heated disk speci¬ 

men. 

Comparison blackbody 

(Hohlraun). 

Spectrometer-mono¬ 

chromator with photo¬ 

multiplier, lead sulphide, 

and thermocouple de¬ 

tec tors. 
Temperatures measured with 

thermocouples. 
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SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE AM-350 

SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE AM-350—REFERENCE INFORMATION 

Composition and 
Reference Investigator Symbol Surface Condition Test Mathcd Remarks 

10 Olson and Morris X Oxidized Spectral reflectance 
at 9 degrees from 
the normal. 

Monochromator, inte¬ 
grating sphere re- 
flectometer, and 
lead sulfide detector. 

"Normal" illumi¬ 
nation, hemispherical 
viewing. 

Measured in air at 
room temperature. 

Data taken from 
reflectance 
curve. 
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NORMAL TOTAL EMITTANCE OF STAINLESS STEEL TYPE 17-7 PH 

NORMAL TOTAL EMITTANCE OF STAINLESS STEEL TYPE 17-7 PH—REFERENCE INFORMATION 

Composition and 
Reference Investigator Symbol Surface Condition Test Method Remarks 

8 Betz, Olson, Schurin, A 
and Morris 

0 

Highly polisnedi 2 micro¬ 
inches rms 

Polishedi 15 microinches 
rms 

Normal total 
emittance. 

Thermistor-bolometer 
detector. 

Resistance-heated 
strip specimens. 

Comparison black- 
body. 

Temperatures measured 
with thermocouples. 

Measured in 
vacuum. 

Data taken from 
curves. 
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NORMAL SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE 17-7 PH 

NORMAL SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE 17-7 PH—REFERENCE INFORMATION 

Composition 

Reference Investigator Symbol Surface Condition Test Method Remarks 

8 Betz, Olson, Schurin, A 
and Morris 

Polishedi either 2 or 

15 microinches rms 

Normal spectral 

emittance. 

Hole-in-tube method. 

Optical pyrometer. 

Measured in 

vacuum. 

(A = 0.665/2(1 ) 
Data taken from 

curves. 
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NORMAL SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE 17-7PH AT 480 F 

NORMAL SPECTRAL EMITTANCE OF STAINLESS STEEL 
TYPE 17-7FH AT 480 F—REFERENCE INFORMATION 

Reference Investigator 

Composition and 

Symbol 
Test Method Remarks 

Adams, J. G. As received 
Heated 30 minutes in air at 

900 F 
Heated 30 minutes in 4.4 x 

10“5 mm Hg pressure at 

900 F 

Normal spectral emittance. 

Furnace-heated disk speci¬ 

men. 
Comparison blackbody 

(Hohlraun). 
Spectrome ter-mono- 

chromator with photo¬ 

multiplier, lead 

sulphide, and thermo¬ 

couple detectors. 

Temperatures measured 

with thermocouples. 

Measured in air. 
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NORMAL SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE 17-7PH AT 930 F 

NORMAL SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE Í7-7PH AT 930 F—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

16 Adams, J. G. As received 

Heated 30 minutes in air 

at 900 F 

Heated 30 minutes in 4.4 x 

10-5 mm Hg pressure at 

900 F 

Normal spectral emittance. 

Furnace-heated disk speci¬ 

men. 

Comparison blackbody 

(Hohlraun). 

Spectrometer-mono- ' 

chromator with photo¬ 

multiplier, lead sulphide, 

and thermocouple de¬ 

tectors. 

Temperatures measured with 

thermocouples. 

Measured in air. 
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NORMAL SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE I7-7PH AT 1380 F 

NORMAL SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE 17-7PH AT .1380 F—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

16 Adams, J. G. As received 
Heated 30 minutes in air 
at 900 F 

Heated 30 minutes in 4,4 x 
10“-1 mm Hg pressure at 
900 F 

Normal spectral emittance. Measured in air. 
Furnace-heated disk speci¬ 

men. 
Comparison blackbody 

(Hohlraun). 
Spec trometer-mono- 
chromator with photo¬ 
multiplier, lead 

sulphide, and thermo¬ 
couple detectors. 

Temperatures measured 
with thermocouples. 
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NORMAL TOTAL EMITTANCE OF STAINLESS STEEL TYPE PH 15-7 Mo 

NORMAL TOTAL EMITTANCE OF STAINLESS STEEL TYPE PH 15-7 Mo-REFERENCE INFORMATION 

Reference Investigator Symbol 

Composition and 

Surface Condition Test Method Remarks 

8 Betz, Olson, Schurin, A 
and Morris 

0 

Highly polished! 2 

microinches rm. 

Polished! 15 microinches 

rms 

Normal total emittance. 

Thermistor-bolometer 

detector. 

Resistance-heated strip 

specimens. 

Comparison blackbody. 

Temperatures measured 

with thermocouples. 

Measured in 

vacuum. 

Data taken from 

curves. 
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Tempera ture.F 

NORMAL SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE PH 15-7 Mo 

NORMAL SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE PH 15-7 Mo—REFERENCE INFORMATION 
--.1 

Composition and 
Reference Investigator Symbol Surface Condition Test Method Remarks 

8 'Betz, Olson, Schurin, 0 Polished: either 2 or Normal spectral Measured in 
and Morris 15 microinches rms emittance. vacuum. 

Hole-in-tube method. (X = 0.665/4 ) 
Optical pyrometer. Data taken from 

curves. 
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NORMAL SPECTRAL EMITTANCE OF PH 15-7 Mo STEEL AT 480 F 

NORMAL SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE PH 15-7 Mo AT 480 F—REFERENCE INFORMATION 

Reference Investigator Symbol 
Composition and 

Surface Condition Test Method Remarks 

16- Adams, J. G. As received 
Heated 30 minutes in air 
at 900 F 

Heated 30 minutes in 4.4 x 

10_s mm Hg pressure at 
900 F 

Normal spectral emittance. 
Furnace-heated disk speci¬ 
men. 

Comparison blackbody 
(Hohlraun). 

Spectrometer-mono¬ 
chromator with photo¬ 
multiplier, lead 

sulphide, and thermo¬ 
couple detectors. 

Temperatures measured with 
thermocouples. 

Measured in air. 
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NORMAL SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE PH lb-7 Mo AT 930 F 

NORMAL SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE PH 15-7 Mo AT 930 F—REFERENCE INFORMATION 

Reference Investigator Symbol 

Composition and 

Surface Condition Test Method Remarks 

16 Adams, J. G. As received 
Heated 30 minutes in air 

at 900 F 

Heated 30 minutes in 4.4 x 

10"5 mm Hg pressure at 

900 F 

Normal spectral emittance. 

Furnace-heated disk speci¬ 

men. 
Comparison blackbody 

(Hohlraun). 

Spectrometer-mono¬ 

chromator with photo¬ 

multiplier, lead 

sulphide, and thermo¬ 

couple detectors. 

Temperatures measured 

with thermocouples. 

Measured in air. 
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NORMAL SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE PH 15-7 Mo AT 1380 F 

NORMAL SPECTRAL EMITTANCE OF STAINLESS STEEL TYPE PH 15-7 Mo AT 1380 F—REFERENCE INFORMATION 

Composition 

Reference Investigator Symbol Surface Condition Test Method Remarks 

16 Adams, J. G. As received 

Heated 30 minutes in air 

at 900 F 

Heated 30 minutes in 4.4 x 

10“^ mm Hg pressure at 

900 F 

Normal spectral emittance. 

Furnace-heated disk speci¬ 

men. 

Comparison blackbody 

(Hohlraun). 

Spectrometer-mono¬ 

chromator with photo¬ 

multiplier, lead 

sulphide, and thermo¬ 

couple detectors. 

Temperatures measured 

with thermocouples. 

Measured in air. 
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SPECTRAL EMITTANCE OF STAINLESS STEEL PH 15-7 Mo 

SPECTRAL EMITTANCE OF STAINLESS STEEL PH 15-7 Mo—REFERENCE INFORMATION 

Reference Investigator Symbol 

Composition and 
Surface Condition Test Method Remarks 

8 Betz, Oison, Schurin, O 

and Morris 
A 

Highly polished! 2 micro¬ 

inches rms 
Polished! 15 microinches 

rms 

Spectral reflectance 

at 9 degrees to the 

normal. 
Monochromator, inte¬ 
grating sphere re- 
flectometer, and 
lead sulfide de¬ 

tector. 
"Normal" illumi¬ 
nation, hemispherical 

viewing. 

Measured in air 
at room temper¬ 

ature. 
Data taken from 
reflectance 
curves. 
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Temperature, F 

NORMAL TOTAL EMITTANCE OF STAINLESS STEEL TYPE VICKERS F.D.P. 

NORMAL TOTAL EMITTANCE OF STAINLESS STEEL TYPE VICKERS F.D.P.—REFERENCE INFORMATION 

Reference Investigator Symbol 

Composition and 
Surface Condition Test Method Remarks 

15 Sully, Brandes, and 0 • Unoxidized 
Waterhouse A A Oxidized at 1112 F 

□ I Oxidized at 1652 F 
Open symbols - 
buffed surface 

Solid symbols - 
shotblasted surface 

Normal total emittance. Measured In air. 

Thermopile detector. 
Comparison blackbody. 
Temperatures measured 
with thermocouples. 

Resistance-heated 

strip specimens. 
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Temperature, F 

NORMAL SPECTRAL EMITTANCE OF IRON 

NORMAL SPECTRAL EMITTANCE OF IRON-REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

1 Wahlin, Zentner, and O As received 
Martin 

Normal spectral emittance. Measured in re- 
Hole-in-tube method. ducing atmosphere 

(X= 0.67/i ). 
Data taken from 

curve 
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Wavelength, microns 

SPECTRAL EMITTANCE OF IRON 

SPECTRAL EMITTANCE OF IRON—REFERENCE INFORMATION 

Reference Investigator 
Composition and 

Symbol Surface Condition Test Method Remarks 

2 

18 

Price, D. J. 

Olson and Morris 

0 

X 

As rolled 
Purity - 99.96 per cent 

Normal spectral emittance. 
Spectrometer-monochromator 
with thermopile de¬ 
tector. 

Modified hole-in-tube 
(open slit) specimen. 

Temperatures measured 
with optical pyro¬ 
meter. 

Measured in 
hydrogen atmos¬ 
phere. 

Specimen at 2273 F. 
Data from tables. 

Oxidized Spectral reflectance at 
9° from normal. 

Monochromator, inte¬ 
grating sphere, lead 
sulphide detector, and 
MgO standard. "Normal" 
illumination, hemi¬ 
spherical viewing. 

Measured in air at 
room temperature. 

Data taken from 
reflectance 
curves. 
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NORMAL SPECTRAL EMITTANCE OF IRON AT DIFFERENT WAVELENGTHS 

NORMAL SPECTRAL EMITTANCE OF IRON AT DIFFERENT WAVELENGTHS-REFERENCE INFORMATION 

Reference Investigator Symbol 

Composition and 

Surface Condition Test Method Remarks 

3 Lund and Ward 

4 Ward, L. 

O 

X 

Polished with 000-grade 

emery paper and cleaned 

Surface lapped with 

jewelers rouge 

Normal spectral 

emittance. 

Hole-in-tube method. 

Temperatures measured 

with thermocouples. 

Spectrometer-mono¬ 

chromator detector. 

Normal spectral 

emittance. 

Modified hole-in¬ 

tube method. 
Temperatures measured 

with thermocouples. 

Spectrometer-mono¬ 

chromator detector. 

Measured in vacuum 

or hydrogen atmos¬ 

phere. 

Data taken from 
curves. 

Measured in 

hydrogen. 
Data taken from 
curves. 
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NORMAL SPECTRAL EMITTANCE OF MOLTEN IRON 

NORMAL SPECTRAL EMITTANCE OF LIQUID IRON—REFERENCE INFORMATION 

Reference Investigator Symbol 

Composition and 
Surface Condition Test Method Remarks 

5 Dastur and Gokcen 0 Melted in beryllia 

crucible! surface swept 

clean with preheated 

hydrogen 

Normal spectral 

emittance. 

Temperatures measured 

with thermocouples 

and calibrated 

optical pyrometer. 

Blackbody hole in 

crucible bottom. 

Measured in an 
argon-hydrogen 

atmosphere. 

(>.= 0.65/( ) 

6 Knowles and Sarjant A Clean Normal spectral (^= 0.65/() 

emittance. 

Immersion thermo¬ 

couples and optical 

pyrometer. 
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NORMAL SPECTRAL EMITTANCE OF IRON-NICKEL ALLOYS 

NORMAL SPECTRAL EMITTANCE OF IRON-NICKEL ALLOYS—REFERENCE INFORMATION 

Reference Investigator Symbol 

Composition and 
Surface Condition Test Method Remarks 

1 Wahlin, Zentner, and 

Martin 

Mixed, sintered, and 
rolled from reagent 

quality powders 

X 75 per cent nickel 
□ 50 per cent nickel 
A 25 per cent nickel 

Normal spectral 
emittance. 

Hole-in-tube method. 

Measured in vacuum 

or reducing 
atmospheres. 

(X= 0.67/« ) 
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Per Cent Nickel 

NORMAL SPECTRAL EMITTANCE OF IRON-NICKEL ALLOYS VERSUS COMPOSITION 

NORMAL SPECTRAL EMITTANCE OF IRON-NICKEL ALLOYS VERSUS COMPOSITION—REFERENCE INFORMATION 

Reference Investigator 
Composition and 

Symbol Surface Condition Test Method Remarks 

3 Lund and Ward Polished with 000-grade 
emery paper, and 
cleaned 

X 1.2/1 
Û l.A/i 
O l.b/JL 

□ 2.0/Ji 
t7 2A/1 

Normal spectral 
emittance. 

Hole-in-tube method. 
Temperatures measured 
with thermocouples. 

Spectrometer-mono¬ 
chromator detector. 

Measured in vacuum 
or hydrogen atmos¬ 
phere. 

Data taken from 
curves. 
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NORMAL SPECTRAL EMITTANCE OF IRON-18 FER CENT TUNGSTEN ALLOY 

NORMAL SPECTRAL EMITTANCE OF IRON-18 PER CENT TUNGSTEN ALLOY—REFERENCE -INFORMATION 

Reference Investigator Symbol 

Composition and 

Siuface Condition Test Method Remarks 

7 Knop, Jr., H. W. 0 As rolled Normal spectral 

emittance. 

Hole-in-tube method. 

Calibrated optical 

pyrometer. 

Measured in vacuum 

(>v = 0.667/p ). 

Data taken from 

curve. 
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NORMAL SPECTRAL EMITTANCE OF MOLTEN TYPES HH AND HT IRON ALLOYS 

NORMAL SPECTRAL EMITTANCE OF MOLTEN TYPES HH AND HT IRON ALLOYS—REFERENCE INFORMATION 

Composition and 
Reference Investigator Symbol Surface Condition Test Method Remarks 

I 

Gow, Brasunas, and 
Harder 

Type HH Alloy 
(26 Cr, 12 Ni) 

■ Open bath condition 
• While pouring 

Type HT Alloy 
(36 Ni, 16 Cr) 

O Open bath condition 
A While pouring 
() With surface film 

Normal spectral Measured in air. 
emittance. 

Surface temperatures = 0.65//) 
measured with 
calibrated optical 
pyrometers. 

Bath temperatures 
measured with 
immersion thermo¬ 
couples. 
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NORMAL TOTAL EMITTANCE OF ALLOY N-I55 (MULTIMET) 

NORMAL TOTAL EMITTANCE OF ALLOY N-155 (MULTIMET)“REFERENCE INFORMATION 

Reference Investigator Symbol 

Composition and 

Surface Condition Test Metnod' ~ Remarks 

11 Betz, Olson, 

and Morris 

Schurin, O 

A 
□ 
X 

Oxidized 

As received 

Cleaned 

Polished 

Normal total emittance 
Resistance-heated 

specimen. 

Thermistor-bolometer 

detector. 

Comparison blackbody. 

Temperatures measured 

with thermocouples. 

Measured in 

vacuum. 

Data taken from 

curves. 

(Dotted curve in¬ 

dicates probable 

polished condi¬ 

tion) 
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SPECTRAL EMITTANCE OF ALLOY N-155 (MULTIMET) 

SPECTRAL EMITTANCE OF ALLOY N-155 (MULTIMET)--REFERENCE INFORMATION 

Betz, Oison, Schurin, 

and Morris 

Oxidized 
As received 

Cleaned 
Polished 

Spectral reflectance 

at 9° from normal. 
Integrating sphere. 
Monochromator with 

lead sulphide de¬ 

tector. 
"Normal" illumination, 
hemispherical viewing. 
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Temperature, F 

NORMAL TOTAL EMITTANCE 0F NICKEL 

NORMAL TOTAL EMITTANCE OF NICKEL—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

9 Sully, Brandes, and • 

Waterhouse 

A 

O 

A 

Oxidized at 1650 F, shot 

blasted 

Oxidized, buffed 

Unoxidized, shot blasted 

Unoxidized, buffed 

Normal total emittance. Measured in air. 

Thermopile detector. Data taken from 

Comparison blackbody. curves. 

Temperatures measured 

with thermocouples. 

Self-resistance-heated 
specimen. 
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Temperature, F 

* HEMISPHERICAL TOTAL EMITTANCE OF NICKEL AT CRYOGENIC TEMPERATURES 

HEMISPHERICAL TOTAL EMITTANCE Of NICKEL AT CRYOGENIC TEMPERATURES—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

Fulk and Reynolds Conmercially pure, cleaned, 

as-received condition 
Hemispherical total 

absorptance. 

Electrically cali¬ 

brated calorimeter. 

Absorbed heat measured 

by boil-off rate of 

liquid nitrogen. 

Measured in vacuum. 

Results for room- 

temperature 

radiation. 

0 Nickel plated on copper 

X 0.004-inch-thick foil. 
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NORMAL SPECTRAL EMITTANCE OF NICKEL 

NORMAL SPECTRAL EMITTANCE OF NICKEL—REFERENCE INFORMATION 

Composition and 
Reference Investigator Symbol Surface Condition Test Method Remarks 

Il Betz, Oison, Schurin, O 
and Morri s X 

12 Wahlin and Wright A 

13 Wahlin and Knop □ 

Oxidized 
Polished 

Electrolytically 
deposited on 
stainless steel 

Electrolytically 
deposited on 

stainless steel 

Normal spectral emittance. Measured in 
Self-resistance heating. vacuum 
Modified hole-in-tube (A = 0.665/a). 
method. 

Normal spectral emittance. 
Hole-in-tube method. 
Temperatures checked 
with thermocouples. 

Measured in re¬ 

ducing atmosphere 

(A = 0.667/A). 
Data taken from 

curves. 

Normal spectral emittance. 
Hole-in-tube method. 
Temperatures checked 
with thermocouples. 

Measured in re¬ 
ducing atmosphere 

(A = 0.667/a). 
Data taken from 
curves. 
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Wavelength, microns 

SPECTRAL EMITTANCE OF NICKEL 

SPECTRAL EMITTANCE OF NICKEL—REFERENCE INFORMATION 

Reference Investigator 
Composition and 

Symbol Surface Condition Test Method Remarks 

il Betz, Oison, Schurin, O 
and Morris A 

□ 
X 

Oxidized 
As received 
Cleaned 
Polished 

2 Price, D. J. • As rolled 
Purity - 99.97 per 
cent 

Spectral reflectance 
at 9° from normal. 

Integrating sphere. 

Monochromator with 
lead sulphide de¬ 
tector. 

"Normal" illumination, 
hemispherical viewing. 

Measured in air 
at room temper¬ 
ature. 

Data taken from 
curves. 

Normal spectral 
emittance. 

Spectrometer-mono¬ 
chromator with thermo¬ 
pile detector. 

Modified hole-in-tube 
(open slit) specimen. 

Temperatures measured 
with optical pyrometer. 

Measured in 
hydrogen atmos¬ 
phere. 

Specimen at 2030 F. 
Data taken from 
tables. 
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NORMAL SPECTRAL EMITTANCE OF NICKEL AT DIFFERENT WAVELENGTHS' 

NORMAL SPECTRAL EMITTANCE OF NICKEL AT DIFFERENT WAVELENGTHS—REFERENCE INFORMATION 

Reference Investigator Symbol 
Composition and 

Surface Condition Test Method Remarks 

Ward, L. Surface lapped with 
jewelers rouge. 

Normal spectral emittance. 
Modified hoi e-in-tube 
method. 

Temperatures measured 

with thermocouples. 
Spectrometer-mono¬ 
chromator detector. 

Measured in 
hydrogen. 

Data taken from 
curves. 
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Temperature , F 

NORMAL TOTAL EMITTANCE OF NICHROME V 

NORMAL TOTAL EMITTANCE OF NICHROME V—REFERENCE INFORMATION 

Reference Investigator Symbol 

Composition and 
Surface Condition 

15 DeCorso and Coit X 

A 

□ 

Sandblasted and oxidized 
15 minutes at 2100 F 

Oxidized 15 minutes at 

2100 F 

Sandblasted; as rolled 

O As rolled 
(Nominal composition! 
80 Ni, 20 Cr) 

Test Method Remarks 

Normal total emittance. Measured in air. 
Thermopile detector. Data taken from 
Comparison blackbody. curves. 
Temperatures measured 
with thermocouples. 

Resistance-heated 
specimens. 
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NORMAL TOTAL EMITTANCE OF INCONEL 

NORMAL TOTAL EMITTANCE OF INCONEL—REFERENCE INFORMATION 

Reference 

14 

15 

Investigator 

Composition and 
Symbol Surface Condition Test Method Remarks 

O'Sullivan and Wade O Stably oxidized at 2000 F Normal total emittance. 
Thermopile detector. 
Comparison blackbody. 
Temperatures measured 
with thermocouples. 

Resistance-heated 

specimens. 

Measured in air. 
Data taken from 
curves. 

DeCorso and Colt A As rolled 
X Heated in air for 15 

minutes at 2100 F 

Normal total emittance. Measured in air. 
Thermopile detector. Data taken from 
Comparison blackbody. curves. 
Temperatures measured 

with thermocouples. 
Resistance-heated 

specimens. 
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TOTAL SOLAR ABSORPTANCE OF INCONEL B AT 100 F 

TOTAL SOLAR ABSORPTANCE OF INCONEL B—REFERENCE INFORMATION 

Reference 

Composition and 

Investigator Symbol Surface Condition Test Method Remarks 

16 Wilkes, G. B. O As received 

A Clean and smooth 
□ Polished 

Total solar absorptance. 

Comparison standards. 
Comparison pyroheliometer. 
Output measured with 

thermocouples. 

Measured in air 

at 100 F. 
Temperatures are 
those to which 
samples had been 
heated previously. 
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NORMAL TOTAL EMITTANCE OF INCONEL X 

NORMAL TOTAL EMITTANCE OF INCONEL X—REFERENCE INFORMATION 

Reference Investigator 
Composition and 

Symbol Surface Condition Test Method 'Remarks 

11 

14 

16 

Betz, Olson, Shurin, 0 
and Morris û 

X 

O'Sullivan and Wade • 

Wilkes, G. B. ■ 

0 

Oxidized 
As received or wiped 
clean 

Polished 

Stably oxidized at 
2000 F 

Polished 
After prolonged heating 

and cycling above 
2000 F (some oxide 
indicated) 

Normal total emittance. 
Resistance-heated 
specimens. 

Thermistor-bolometer 
detector. 

Comparison blackbody. 
Temperatures measured 

with thermocouples. 

Normal total emittance. 
Thermopile detector. 
Comparison blackbody. 
Temperatures measured 
with thermocouples. 

Normal total emittance. 
Total-radiation de¬ 
tector. 

Comparison blackbody. 
Temperatures measured 
with thermocouples. 

Measured in vacuum. 
Data taken from 

curves. 

Measured in air. 
Data taken from 

curves. 

Measured in a 10- 
micron pressure 
of helium. 
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NORMAL SPECTRAL EMITTANCE OF INCONEL X 

NORMAL SPECTRAL EMITTANCE OF INOONEL X—REFERENCE INFORMATION 

Bitz, Oison, Schurin, 0 
and Morris û 

Oxidized 
As received 
Cleaned 
Polished 

Normal spectral emittance. 
Modified hole-in-tube 
method. 
Drilled blackbody hole. 
Temperatures measured 
with thermocouples. 

Measured in 
vacuum 
QS= 0.66¾¾ ). 
Data taken from 
curves. 
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NORMAL SPECTRAL EMITTANCE OF INCONEL X AT 480 F 

NORMAL SPECTRAL EMITTANCE OF INCONEL X AT 480 F—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

19 Adams, J. G. As received 

Heated 30 minutes in air 

at 1500 0 

Heated 30 minutes in 6.8 x 

10“^ mm Hg pressure at 

1500 C 

Normal spectral emittance. Measured in air. 

Furnace-heated disk speci¬ 

men. 

Comparison blackbody 

(Hohlraun). 

Spectrometer-mono¬ 

chromator with photo¬ 

multiplier, lead 

sulphide, and thermo¬ 

couple detectors. 

Temperatures measured 

with thermocouples. 
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NORMAL SPECTRAL EMITTANCE OF INCONEL X AT 930 F 

NORMAL SPECTRAL EMITTANCE OF INCONEL X AT 930 F—REFERENCE INFORMATION 

Reference Investigator Symbol 

Composition and 

Surface Condition Test Method Remarks 

19 Adams, J. G, As received 

Heated 30 minutes in air 

at 1500 C 

Heated 30 minutes in 6.8 x 

lO“-' mm Hg pressure at 

1500 C 

Normal spectral emittance. 

Furnace-heated disk speci¬ 

men. 

Comparison blackbody 

(Hohlraun). 

Spectrometer-mono¬ 

chromator with photo¬ 

multiplier, lead 

sulphide, and thermo¬ 

couple detectors. 

Temperatures measured 

with thermocouples. 

Measured in air. 
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NORMAL SPECTRAL EMITTANCE OF INCONEL X AT 1380 F 

NORMAL SPECTRAL EMITTANCE OF INCONEL X AT 1380 F—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

19 Adams, J. G. As received 
Heated 30 minutes in 

at 1500 C 

Heated 30 minutes in 

10-5 mm Hg pressure 

1500 C 
chromator with photo¬ 

multiplier, lead 

sulphide, and thermo¬ 

couple detectors. 

Temperatures measured 

with thermocouples. 

Normal spectral emittance. 

air Furnace-heated disk speci¬ 

men. 

6.8 X Comparison blackbody 

at (Hohlraun). 

Spec trometer-mono- 

Measured in air. 
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SPECTRAL EMITTANCE OF INCONEL X 

SPECTRAL EMITTANCE OF INCONEL X—REFERENCE INFORMATION 

Reference Investigator Symbol 

Composition and 
Surface Condition Test Method Remarks 

18 Olson and Morris O 
A 

□ 
X 

As received 
Cleaned 
Polished 
Oxidi zed 

Spectral reflectance 
at 9° from normal. 

Monochromator, inte¬ 
grating sphere, lead 

sulphide detector, 
and MgO standard. 

"Normal'' (9°) illumi¬ 
nation, hemispherical 
viewing. 

Measured in air at 
room temperature. 

Data taken from 
reflectance 
curves. 
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TOTAL SOLAR ABSORPTANCE OF INCONEL X AT LOO F 

TOTAL SOLAR ABSORPTANCE OF INCONEL X—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

16 Wilkes, G. B. 0 As received 

A Clean and smooth 

0 Polished 

Total solar absorptance. 

Comparison standards. 

Comparison pyro- 

heliometer. 

Output measured with 

thermocouples. 

Measured in air 

at 100 F. 

Temperatures are 

those to which 

samples had been 

heated previously. 
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NORMAL SPECTRAL EMITTANCE OF INCONEL 702 AT 480 F 

NORMAL SPECTRAL EMITTANCE OF INCONEL 702 AT 480 F—REFERENCE INFORMATION 

Reference Investigator Symbol 

Composition and 

Surface Condition Test Method Remarks 

19 Adams, J. G- As received 
Heated 30 minutes in air 

at ’800 F 
Heated 30 minutes in 7.6 

10_è mm Hg pressure at 

1800 F 

Normal spectral emittance. 

Furnace-heated disk speci¬ 

men. 
Comparison blackbody 

(Hohlraun). 

Spectrometer-mono¬ 

chromator with photo¬ 

multiplier, lead 
sulphide, and thermo¬ 

couple detectors. 
Temperatures measured 

with thermocouples. 

Measured in air. 
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NORMAL SPECTRAL EMITTANCE OF INCONEL 702 AT 930 F 

NORMAL SPECTRAL EMITTANCE OF INCONEL 702 AT 930 F—REFERENCE INFORMATION 

Reference Investigator Symbol 

Composition and 
Surface Condition Test Method Remarks 

19 Adams, J. G. As received 
Heated 30 minutes in air 
at 1800 F 

Heated 30 minutes in 7.6 x 
10"5 mm Hg pressure at 

1800 F 

Normal spectral emittance. 
Furnace-heated disk speci¬ 

men. 
Comparison blackbody 

(Hohlraun). 
Spectrometer-mono¬ 

chromator with photo¬ 
multiplier, lead 
sulphide, and thermo¬ 
couple detectors. 

Temperatures measured 
with thermocouples. 

Measured in air. 
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NORMAL SPECTRAL EMITTANCE OF INCONEL 702 AT 1380 F 

NORMAL SPECTRAL EMITTANCE OF INCONEL 702 AT 1380 F—REFERENCE INFORMATION 

Composition and 
Reference Investigator Symbol Surface Condition Test Method Remarks 

19 Adams, J. G. As received 

Heated 30 minutes in air 
at 1800 F 

Heated 30 minutes in 7.6 x 
10"^ mm Hg pressure at 
1800 F 

Normal spectral emittance. Measured in air. 

Furnace-heated disk speci¬ 
men. 

Comparison blackbody 
(Hohlraun). 

Spectrometer-mono¬ 
chromator with photo¬ 
multiplier, lead 
sulphide, and thermo¬ 

couple detectors. 
Temperatures measured 
with thermocouples. 
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NORMAL SPECTRAL EMITTANCE OF UDIMET 500 AT 480 F 

NORMAL SPECTRAL EMITTANCE OF UDIMET 500 AT 480 F—REFERENCE INFORMATION 

Investigator Symbol 

Composition and 

Surface Condition Test Method Remarks 

Adams, J. G. As received 

Heated 30 minutes in air 

at 1800 F 

Heated 30 minutes in 7.6 x Comparison blackbody 

10"' mm Hg pressure at (Hohlraun). 

1800 F 

Normal spectral emlttance. Measured in air. 

Furnace-heated disk speci¬ 

men. 

Spec trometer-mono- 

chromator with photo¬ 

multiplier, lead 

sulphide, and thermo¬ 

couple detectors. 

Temperatures measured 

with thermocouples. 
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NORMAL SPECTRAL EMITTANCE OF UDIMET »0 AT 930 F 

NORMAL SPECTRAL EMITTANCE OF L'DIMET 500 AT 930 F—REFERENCE INFORMATION 
I 

Composition and 
Reference Investigator Symbol Surface Condition Test Method Remarks 

19 Adams, J. G. As received 
Heated 30 minutes in air 
at 1800 F 

Heated 30 minutes in 7.6 x 
10“5 mm Hg pressure at 

1800 F 

Normal spectral emittance. Measured in air. 
Furnace-heated disk speci¬ 

men. 
Comparison bla'ckbody 

(Hohlraun) „ 
Spectrometer-mono¬ 
chromator with photo¬ 
multiplier, lead 
sulphide, and thermo¬ 
couple detectors. 

Temperatures measured 
with thermocouples. 
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NORMAL SPECTRAL EMITTANCE OF UDIMET 500 AT 1380 F 

NORMAL SPECTRAL EMITTANCE OF UDIMET 500 AT 1380 F—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

19 Adams, J. G. As received 

Heated 30 minutes in air 

at 1800 F 

Heated 30 minutes in 7.6 x 

10-5 mm Hg pressure at 

1800 F 

Normal spectral emittance. Measured in air. 

Furnace-heated disk speci¬ 

men. 
Comparison blackbody 

(Hohlraun). 

Spectrometer-mono¬ 

chromator with photo¬ 

multiplier, lead 

sulphide, and thermo¬ 

couple detectors. 

Temperatures measured 

with thermocouples. 
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NORMAI. SPECTRAL EMITTANCE CF RENE 41 AT 480 F 

NORMAL SPECTRAL EMITTANCE CF RENE 41 AT 480 F—REFERENCE INFORMATION 

Reference Investigator Symbol 

Composition and ' ' / 

Surface Condition Test Method Remarks 

19 Adams, J. G. As received 

Heated 30 minutes in air 

at 1800 F 

Heated 30 minutes in 7.6 x 

10"5 mm Hg pressure at 

1800 F 

Normal spectral emittance. Measured in air. 
Furnace-heated disk speci¬ 

men. 

Comparison biackbody 

(Hohlraun). 

Spectrometer-mono¬ 

chromator with photo¬ 

multiplier, lead 

sulphide, and thermo¬ 

couple detectors. 

Temperatures measured 

with thermocouples. 
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NORMAL SPECTRAL EMITTANCE OF RENE 4! AT 930 F 

NORMAL SPECTRAL EMITTANCE OF RENE 41 AT 930 F—REFERENCE INFORMATION 

Reference Investigator Symbol 
Composition and 

Surface Condition Test Method Remarks 

19 Adams, J. G. As received 

Heated 30 minutes in air 
at 1800 F 

Heated 30 minutes in 7.6 x 
lO“-’ mm Hg pressure at 
1800 F 

Normal spectral emittance. Measured in air. 
Furnace-heated disk speci¬ 
men. 

Comparison blackbody 
(Hohlraun). 

Spectrometer-mono¬ 
chromator with photo¬ 
multiplier, lead 
sulphide, and thermo¬ 
couple detectors. 

Temperatures measured 
with thermocouples. 
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NORMAL SPECTRAL EMITTANCE OF RENE 41 AT 1380 F 

NORMAL SPECTRAL EMITTANCE OF RENE 41 AT 1380 F—REFERENCE INFORMATION 

Reference Investigator Symbol 
Composition and 

Surface Condition Test Method Remarks 

19 Adams, J. G. As received 

Heated 30 minutes in air 
at 1800 F 

Heated 30 minutes in 7.6 x 
lO--1 mm Hg pressure at 

'1800 F 

Normal spectral emittance. Measured in air. 
Furnace-heated disk speci¬ 
men. . 

Comparison blackbody 
(Hohlraun). 

Spectrome t.er-mono- 
chromator wiui photo¬ 
multiplier, lead 

sulphide, and thermo¬ 
couple detectors. 

Temperatures measured 
with thermocouples. 
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NORMAL SPECTRAL EMITTANCE OF ASTROLOY AT 480 F 

NORMAL SPECTRAL EMITTANCE OF ASTROLOY AT 480 F—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

19 Adams, J. G. As received 

Heated 30 minutes in air 

at 1800 F 

Heated 30 minutes in 7.6 x 

lO“'1 mm Hg pressure at 

1800 F 

Normal spectral emittance. 

Furnace-heated disk speci¬ 

men. 

Comparison blackbody 

(Hohl raun). 

Spectrometer-mono¬ 

chromator with photo¬ 

multiplier, lead 

sulphide, and thermo¬ 

couple detectors. 

Temperatures measured 
with thermocouples. 

Measured in air. 
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NORMAL SPECTRAL EMITTANCE OF ASTROLOY AT 930 F 

NORMAL SPECTRAL EMITTANCE OF ASTROLOY AT 930 F—REFERENCE INFORMATION 

Reference Investigator Symbol 
Composition and 

Surface Condition Test Method Remarks 

19 Adams, J. G. As received 

Heated 30 minutes in air 
at 1S00 F 

Heated 30 minutes in 7.6 x 
10-: mm Hg pressure at 
1800 F 

Normal spectral emittance. 

Furnace-heated disk speci¬ 
men. 

Comparison blackhody 
(Hohlraun). 

Spec trome te r-mono- 
chromator with photo¬ 
multiplier, lead 
sulphide, and thermo¬ 
couple detectors. 

Temperatures measured 
with thermocouples. 

Measured in air. 
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NORMAL SPECTRAL EMITTANCE OF ASTROLOY AT 1380 F 

NORMAL SPECTRAL EMITTANCE OF ASTROLOY AT 1380 F—REFERENCE INFORMATION 

Composition and 
Reference Investigator Symbol Surface Condition Test Method Remarks 

19 Adams, J. G. As received 
Heated 30 minutes in air 
at 1800 F 

Heated 30 minutes in 7.6 x 
10"^ mm Hg pressure at 
1800 F 

Normal spectral emittance. 
Furnace-heated disk speci¬ 
men. 

Comparison blackbody 
(Hohlraun). 

Spectrometer-mono¬ 
chromator with photo¬ 
multiplier, lead 
sulphide, and thermo¬ 
couple detectors. 

Temperatures measured 
with thermocouples. 

Measured in air. 
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NORMAL TOTAL EMITTANCE OF NIMONIC 75 

NORMAL TOTAL EMITTANCE OF NIMONIC 75—REFERENCE INFORMATION 

Reference Investigator Symbol 

Composition and 
Surface Condition Test Method Remarks 

9 ,Sully, Brandes, 
and Waterhouse 

• Oxidized, shot blasted 
A Oxidized, buffed 
■ Oxidized, as rolled 
O Unoxidized, shot blasted 
A Unoxidized, buffed 
□ Unoxidized, as rolled 

(Oxidized at 2200 F) 
composition not given 

Normal total emittance. Measured in air. 
Thermopile detector. Data taken from 
Comparison blackbody. curves. 
Temperatures measured 
with thermocouples. 

Self-resistance- 
heated specimen. 
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NORMAL TOTAL EMITTANCE OF K-MONEL 5700 

NORMAL TOTAL EMITTANCE OF K-MONEL 5700—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

16 Wilkes, G. B. X 

A 

O 

• 

Polished 

Clean and smooth 

As received 

After prolonged heating 

and cycling ai-".ve 

2000 F (some oxide 

indlcat(d) 

Normal total emittance. 

Total-radiation de¬ 

tector. 

Comparison blackbody. 

Temperatures measured 

with thermocouples. 

Measured in a 10- 

micron pressure 
of helium. 
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TOTAL SOLAR ABSORPTANCE OF K-MONEL 5700 AT 100 F 

TOTAL SOLAR ABSORPTANCE OF K-MONEL 5700—REFERENCE INFORMATION 

Reference 

Composition and 
Investigator Symbol Surface Condition Test Method Remarks 

16 Wilkes, G. B. □ Polished 
A Clean and smooth 
0 As received 

Total solar absorptance 
Comparison standarus. 
Comparison pyro- 
heliometer. 

Output measured with 
thermocouples. 

Measured in air 
at 100 F. 

Temperatures are 
those to which 
samples had been 
heated previously. 
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NORMAL TOTAL EMITTANCE OF HAYNES ALLOY B 

NORMAL TOTAL EMITTANCE OF HAYNES ALLOY B—REFERENCE INFORMATION 

Reference 

Composition and 

Investigator Symbol Surface Condition Test Method Remarks 

il Betz, Oison, Schurin, ù 

*and Morris 
O 

Pollshedi 15 microinches Normal total emlttance. Measured in 
rms Resistance-heated vacuum. 

Polished! 2 microinches specimen, 
rms Thermistor-bolometer 

detector. 
Comparison blackbody. 
Temperatures measured 
with thermocouples. 
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NORMAL SPECTRAL EMITTANCE OF HAYNES ALLOY B 

NORMAL SPECTRAL EMITTANCE OF HAYNES ALLOY B—REFERENCE INFORMATION 

Composition and 
Reference Investigator Symbol Surface Condition Test Method Remarks 

11 Betz, Olson, Schurin, A 
and Morris 

0 

Polished: 2 microinches 
rms 

2 microinches rms - 
oxidized 

Normal spectral 
emittance. 

Modified hole-in- 
tube method. 

Drilled biackbody 
hole. 

Temperatures measured 
with thermocouples. 

Measured in vacuum 

(S= 0.655/0 
Data taken from 
curves. 
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SPECTRAL EMITTANCE OF HAYNES ALLOY B 

SPECTRAL EMITTANCE OF HAYNES ALLOY B—REFERENCE INFORMATION 

Reference Investigator Symbol 
Composition and 

Surface Condition Test Method Remarks 

18 

il 

Oison and Morris x 

Betz, Oison, Schurin, O 
and Morris 

à 

Oxidized Spectral reflectance 

at 9° from normal. 

Monochromator, inte¬ 
grating sphere, lead 
sulphide detector, and 
MgO standard, 

"Normal" illumination, 
hemispherical viewing. 

Polishedi ?. microinche' 
rms .. 

Polishedi 15 microinches 
rms 

Spectral reflectance 
at 9° from norma'. 

Monochromator, ir • 
grating sphere n 
flectometer, lead 
sulphide detector, and 
MgO standard'. 

"Normal" illumination, 
hemispherical viewing. ' 

Measured in air at 
room temperature.' 

Data taken from 
reflectance curve. 

Measure-! ;i ai 

ic Jin tr-.^erature 
Data taken rrom 
I'-Hoi-tgr, -'irv°s. 
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NORMAL AND HEMISPHERICAL TOTAL EMITTANCE OF HAYNES ALLOY C 

HEMISPHERICAL TOTAL EMITTANCE OF HAYNES ALLOY C—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

17 

11 

Wade, W. R. 0 Stably oxidized at 2000 F 
(nominal composition! 

52-60 Ni 
16-18 Mo 
15.5-17.5 Cr 
4.5-7 Fe) 

Betz, Olson, Schurin, û 
and Morris 

□ 

Polished! 2 microinches 

rms 
Polished! 15 microinches 

rms 

Hemispherical total 

emittance. 
Total radiation 
pyrometer. 

Comparison blackbody. 
Temperatures measured 
with thermocouples. 

Normal total 
emittance. 

Resistance-heated 
specimens. 

Thermistor-bolometer 
detector. 

Comparison blackbody. 
Temperatures measured 
with thermocouples. 

Measured in air. 

Normal total 
emittance equals 
hemispherical 
total emittance 
for this specimen. 

Data ‘■aken from 
curve. 

Measured in 
vacuum. 

Data taken from 
curves. 
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NORMAL SPECTRAL EMITTANCE OF HAYNES ALLOY C 

NORMAL SPECTRAL EMITTANCE OF HAYNES ALLOY C—REFERENCE INFORMATION 

Composition and 
Reference Investigator Symbol Surface Condition Test Method Remarks 

il Betz, Olson, 
Schurin, and 
Morri s 

O Polishedi 2 and Ib 
microinches rms 

Normal spectral emittance. 
Modified hole-in-tube 
method. 

Drilled blackbody hole. 
Temperatures measured 
with thermocouples. 

Measured in 
vacuum. 

(X= 0.655,« ). 
Data taken from 
curves. 
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SPECTRAL EMITTANCE OF HAYNES ALLOY C 

SPECTRAL EMITTANCE OF HAYNES ALLOY C—REFERENCE INFORMATION 

Reference Investigator Syir.bo 1 

Composition and 
Surface Condition Test Method Remarks 

11 Betz, Olson, Schurin, A 
and Morris 

0 

Polished: 2 microinches 

rms 
Polished: 15 microinches 

rms 

Spectral reflectance 
at 9° from normal. 

Monochromator, inte¬ 
grating sphere re- 
flectometer, lead 
sulphide detector, 
and MgO standard. 

"Normal" illumi¬ 
nation, hemispherical 
viewing. 

Measured in air at 
room temperature. 

Data taken from 
reflectance 
curves. 
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HEMISPHERICAL TOTAL EMITTANCE OF HAYNES ALLOY X 

HEMISPHERICAL TOTAL EMITTANCE OF HAYNES ALLOY X—REFERENCE INFORMATION 

Composition and 
Reference Investigator Symbol Surface Condition Test Method Remarks 

17 'Wade, W. R. 0 Stably oxidized at 
2000 F 

(nominal composition! 
42-52 Ni 
20-23 Cr 
8-10 Mo) 

Hemispherical total 
emittance. 

Total-radiation pyro¬ 
meter. 

Comparison blackbody. 
Temperatures 
measured with 
thermocouples. 

Measured in air. 
Normal total 
emittance equals 

hemispherical total 
emittance for this 
specimen. 

Data taken from 
curve. 
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NORMAL SPECTRAL EMITTANCE OF HAYNES ALLOY X AT 48(TF 

NORMAL SPECTRAL EMITTANCE OF HAYNES ALLOY X AT 430 F—REFERENCE INFORMATION 

Reference Investigator Symbol 
Composition and 

Surface Condition Test Method Remarks 

19 Adams, J. G. As received 
Heated 30 minutes in argon 
at 2000 F 

Heated 30 minutes in 2.5 x 
10”5 mm Hg pressure at 
2000 F 

Normal spectral emittance. Measured in 
Furnace-heated disk sped- argon, 
men. 

Comparison blackbody 
(Hohlraun). 

Spectrometer-mono¬ 
chromator with photo¬ 
multiplier, lead 
sulphide, and thermo¬ 
couple detectors. 

Temperatures measured 
with thermocouples. 
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NORMAL SPECTRAL EMITTANCE OF HAYNES ALLOY X AT 930 F 

NORMAL SPECTRAL EMITTANCE OF HAYNES ALLOY X AT 930 F—REFERENCE INFORMATION 

Composition and 
Reference Investigator Symbol Surface Condition Test Method Remarks 

19 Adams, J. G. As received 
Heated 30 minutes in argon 
at 2000 F 

Heated 30 minutes in 2.5 x 
lO“-* mm Hg pressure at 
2000 F 

Normal spectral emittance. 
Furnace-heated disk speci¬ 
men. 

Comparison blackbody 
(Hohlraun). 

Spectrometer-mono¬ 
chromator with photo¬ 
multiplier, 'lead 
sulphide, and thermo¬ 
couple detectors. 

Temperatures measured 
with thermocouples. 

Measured in argon. 
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NORMAL SPECTRAL EMITTANCE OF HAYNES ALLOY X AT 1380 F 

NORMAL SPECTRAL EMITTANCE OF HAYNES ALLOY X AT 1380 F—REFERENCE INFORMATION 

Reference 
Composition and 

Investigator_Symbol._Surface Condition Test Method Remarks 

19 Adams, J. G. As received 

Heated 30 minutes in argon 
at 2000 F 

Heated 30 minutes in 2.5 x 
10“ mm Hg pressure at 
2000 F 

Normal spectral emittance. 
Furnace-heated disk speci¬ 
men. 

Comparison blackbody 
(Hohlraun). 

Spec trometer-mono- 
chromator with photo¬ 
multiplier, lead 
sulphide, and thermo¬ 
couple detectors. 

Temperatures measured 
with thermocouples. 

Measured in argon. 
S

p
e

c
tr

a
l 

R
e
fle

ct
a
n
ce

 



Temperature, F 

NORMAL SPECTRAL EMITTANCE OF COBALT 

NORMAL SPECTRAL EMITTANCE OF COBALT-REFERENCE INFORMATION 

Reference 
Composition and 

Investigator Symbol Surface Condition Test Method Remarks 

13 Wahlin and Knop O Electrolytically deposited Normal spectral 
on stainless steel emittance. 

Hole-in-tube method. 

12 Wahlin and Wright A Electrolytically deposited 
on stainless steel 

Normal spectral 
emittance. 

Hole-in-tube method. 

Measured in vacuum. 
Data taken from 
curve. 

(A= 0.667/t ) 

Measured in vacuum. 
Data taken from 
curve. 

(7\ = 0.667/U ) 
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NORMAL SPECTRAL EMITTANCE OF COBALT AT DIFFERENT WAVELENGTHS 

NORMAL SPECTRAL EMITTANCE OF COBALT AT DIFFERENT WAVELENGTHS—REFERENCE INFORMATION 

Composition and 
Reference Investigator Symbol Surface Condition Test Method Remarks 

3 Lund and Ward 

4 Ward, L. 

i 

0 

X 

Polished with OOO-grade 
emery paper, and 
cleaned 

Surface lapped with 
jewelers rouge 

Normal spectral 
emittance. 

Hoi e-in-tube 
method. 
Temperatures 
measured with 
thermocouples. 

Spectrometer-mono¬ 
chromator detector. 

Normal spectral 
emittance. 

Hoi e-in-tube 
method. 
Temperatures 
measured with 
thermocouples. 

Spectrometer-mono¬ 
chromator detector. 

Measured in vacuum, 
or hydrogen atmos¬ 
phere. 

Data taken from 
curves. 

Measured in hydrogen. 
Data taken from 
curves. 
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Temperature, F 

NORMAL SPECTRAL EMITTANCE OF COBALT-35 PER CENT NICKEL ALLOY 

NORMAL SPECTRAL EMITTANCE OF COBALT-35 PER CENT NICKEL ALLOY-REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition 
Test Method Remarks 

13 Wahlin and Knop 0 As received Normal spectral emittance. Measured in 

Hole-in-tube method. vacuum. 

Data taken from 

curve. 
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NORMAL SPECTRAL EMITTANCE OF COBALT-40 PER CENT IRON ALLOY 

NORMAL SPECTRAL EMITTANCE OF Ç0BALT-40 PER CENT IRON ALLOY—REFERENCE INFORMATION 

Reference Investigator Symbol 

Composition and 
Surface Condition Test Method Remarks 

7 ¡Cnop, Jr., H. W. 0 As rolled Normal spectral emittance. 
Hole-in-tube method. 
Calibrated optical pyro¬ 

meter. 

Measured in 
vacuum. 

(?\= 0.667/c 1 
Data taken from 
curve. 
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HEMISPHERICAL TOTAL EMITTANCE OF HAYNES ALLOY 25 

HEMISPHERICAL TOTAL EMITTANCE OF HAYNES ALLOY 25—REFERENCE INFORMATION 

Reference Investigator Symbol 
Composition and 

Surface Condition Test Method Remarks 

17 Wade, W. R. Stably oxidized at 2000 F 

(nominal composition! 
46-53 Co 
19-21 Cr 
9-11 Ni 

14-16 W) 

Hemispherical total 
emittance. 

Total-radiation 
pyrometer. 

Comparison blackbody. 
Temperatures 
measured with 
thermocouples. 

Measured in air. 
Normal total 
emittance equals 
hemispherical 
total emittance 
for this specimen. 

Data taken from 
curve. 
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NORMAL SPECTRAL EMITTANCE OF HAYNES ALLOY 25 AT 480 F 

NORMAL SPECTRAL EMITTANCE OF HAYNES ALLOY 25 AT 480 F—REFERENCE INFORMATION 

Reference Investigator Symbol 
Composition and 

Surface Condition Test Method Remarks 

19 Adams, J. G. As received 

Heated 30 minutes in air 

at 1800 F 

Heated 30 minutes in 7.6 

lO--1 mm Hg pressure at 
1800 F 

Normal spectral emittance. 

Furnace-heated disk speci¬ 
men. 

Comparison blackbody 

(Hohl raun). 

Spectrometer-mono¬ 

chromator with photo¬ 

multiplier, lead 

sulphide, and thermo¬ 

couple detectors. 

Temperatures measured 

with thermocouples. 

Measured in air. 
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NORMAL SPECTRAL EMIHANGE OF HAYNES ALLOY .¾ AT 93C F—REFERENCE INFORMATION 

Reference Investigator Symbol 

19 Adams, J. G. 

Composition and 
jurface Condi'' ir Test Method Remarks 

As received 
Heated 30 minutes In air 

at 1800 F 
Heated y minutes In 7.6 

10"^ mu Ha pressure at 

1800 r 

Normal spectral emittance. 
Furnace-heated disk speci¬ 

men. 
C mpar'son blackbody 
(Hohlraun). 

Spec t r ome ter-mono- 
chromator with photo- 

mcltlpller, lead 
sulphide, and thermo¬ 
couple electors. 

Temperatures measured 
«'th thermocouples. 

Measured in air. 
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NORMAL SPECTRAL EMITTANCE OF HAYNES ALLOY 25 AT 1380 F 

NORMAL SPECTRAL EMITTANCE OF HAYNES ALLOY 25 AT 1380 F—REFERENCE INFORMATION 

Composition and 
Reference Iivestioator Symbol Surface Condition 

19 Adams, J, G. As received 

Heated 30 minutes in air 

at 1800 F 

Heated 30 minutes in 7.6 x 

10*^ mm Hg pressure at 

1800 F 

Test Method Remarks 

Normal spectral emit/ance. 

Furnace heated disk speci¬ 
men. 

Measured in air. 

Comparison blackbody 
(Hohlraun). 

Spectrometer-mono¬ 

chromator with photo¬ 

multiplier, lead 

sulphide, and thermo¬ 

couple detectors. 

Temperatures measured 

with thermocouples. 
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NORMAL TOTAL EMITTANCE OF CHROMIUM 

NORMAL TOTAL EMITTANCE OF CHROMIUM—REFERENCE INFORMATION 

Reference Investigator Symbol 
Composition and 

Surface Condition Test Method Remarks 

1 Barnes, Forsythe, and 
Adams 

Polished. 

Betz, Olson, Schurin, 
and Morris 

As received, cleaned, 
polished, and oxidized. 

Normal total emittance. 
Disk specimen heated by 
contact with heat- 
diffusion disk. 

Thermopile detector. 
Temperatures measured 
with thermocouples. 

Comparison blackbody. 

Normal total emittance. 
Electrically heated 
strip specimen. 

Thermistor detector. 
Comparison blackbody. 
Temperatures measured 
with thermocouples. 

Measured in air. 
Data taken from- 
table. 

Measured in 
vacuum. 

Data taken from 
table. 

I- 
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NORMAL SPECTRAL EMITTANCE OF CHROMIUM 

NORMAL SPECTRAL EMITTANCE OF CHROMIUM—REFERENCE INFORMATION 

Investtgati Symbol 

Composition and 
Surface Condition Test Meth :d Remarks 

Wahlin, H. B. Chromium electrodepos:ted 

on brass tubes brass then 
removed »:th 
Heat treated 
hydrogen for 

2200 F. 

nitric acid, 
(reduced) in 
1 week at 

Normal spectral emittanco. 
H ‘■‘-in-tube method. 
Temperatures measured 

with optical pyrometer. 

Measured in 
vacuum or 
hydrogen. 

Data taken from 
dlscussion. 

(Lower temper¬ 
ature not de¬ 
fined, top 
temperature 
only is given 
and emittance 
independent of 
temperature. ) 

(X= 0.669A) 
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HEMISPHERICAL TOTAL EMITTANCE OF COLUMBIUM 

HEMISPHERICAL TOTAL EMITTANCE OF COLUMBIUM—REFERENCE INFORMATION 

Reference Investigator Symbol 

Composition and 

Surface Condition Test Method Remarks 

4 Pratt & Whitney Aircraft 0 Sand blasted with No. G-2b 
grit. 

Hemispherical total 

emittance. 

Hole-in-tube method. 

Temperatures measured 

with thermocouples. 

Measured power input to 

center section. 

Measured in 

vacuum. 

Data taken from 

tables. 

A Oxidized in air 5 minutes 

at 1200 F. [Powder oxide 

(Cb20c,) removed by 

brushing to leave black 

CbO. ] 
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NORMAL SPECTRAL EMITTANCE OF COLUMBIUM AT 480 F 

NORMAL SPECTRAL EMITTANCE OF COLUMBIUM AT 430 F—REFERENCE INFORMATION 

Reference Investigator Symbol 
Composition and 

Surface Condition Test Method Remarks 

25 Adams, J. G. As received 

Heated 30 minutes in argon 

at 2000 F 

Heated 30 minutes in 2.2 x 

10--1 mm Hg pressure at 

2000 F 

Normal spectral emittance. 

Furnace-heated disk speci¬ 
men. 

Comparison blackbody 
(Hohlraun). 

Spectrometer-mono¬ 

chromator with photo¬ 

multiplier, lead 

sulphide, and thermo¬ 

couple detectors. 

Temperatures measured 

with thermocouples. 

Measured in argon. 
S
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NORMAL SPECTRAL EMITTANCE OF COLUMBIUM AT 930 F—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface CorHition Test Method Remarks 

2b Adams, J. G. As received 
Heated 30 minutes in argon 

at 2000 F 
Heated 30 minutes in 2.2 x 

lO--’ mm Hg pressure at 

2000 F 

Normal spectral emittance. Measured in argon. 
Furnace-heated disk speci¬ 

men. 
Comparison blackbody 
(Hohlraun). 

Spectrometernnono- 
chromator with photo¬ 
multiplier, lead 
sulphide, and thermo¬ 
couple detectors. 

Temperatures measured 
with thermocouples. 
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NORMAL SPECTRAL EMITTANCE OF COLUMBIUM AT 1380 F 

NORMAL SPECTRAL EMITTANCE OF COLUMBIUM AT 1380 F-REFERENCE INFORMATION 

Reference Investigator Symbol 

Composition and 
Surface Condition Test Method Remarks 

25 Adams, J. G. As received 
Heated 30 minutes in argon 

at 2000 F 
Heated 30 minutes in 2.2 x 

10-5 mm Hg pressure at 

2000 F 

Normal spectral emittance. Measured in argon. 

Furnace-heated disk speci¬ 

men. 
Comparison blackbody 

(Hohlraun). 

Spec trome ter-mono- 
chromator with pho-to-. . 

multiplier, lead 
sulphide, and thermo¬ 

couple detectors. 
Temperatures measured 

with thermocouples. 

i 



NORMAL TOTAL EMITTANCE OF lOTi-lOMo COLUMBIUM ALLOY 

NORMAL TOTAL EMITTANCE OF lOTi-lOMo COLUMBIUM ALLOY—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

5 Anthony and Pearl 

i 

Cb-10Ti-10Mo as received. 

Bare 

Oxidation occurred during 

test. 

Normal total emittance. 
Induction heated 
specimen. 

Thermopile detector. 
Comparison blackbody. 
Temperatures measured 
with thermocouples 
and optical pyrometer. 

Measured in 
continuous purge 
of helium gas. 

IV 

I 
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HEMISPHERICAL TOTAL EMITTANCE OF MOLYBDENUM 

HEMISPHERICAL TOTAL EMITTANCE OF MOLYBDENUM—REFERENCE INFORMATION 

InvMtigâtor Symbol 
Competition «nd 

Surfte* Condition T*»t Method Remtrk* 

Pr*tt i Vhitn*y 
Ai rertft 

n 
& 

Prttt i Rhitn*y 
Airertft 

Glteier, All*n( tnd 
Stlding*r 

At r*c*iv*d tnd chtmictlly 
cl*tned. Purity not givtn. 

Electivo loec'.rt.e-, 

Hol*-!n-tub* m*t»ur*m*r.t»i 

T*mp«rttur* m*t»ur*d with 
pyrometer. 

Temp*rttur* m*t»ur*d with 
th*mocoupl*t. 

H*tt*d-»trlp »♦Aturement». 

Run No. 1 

Vtpor blt>t*<i 
Firtt htttinq 
Fourth httting. 

Blttted with No. 90 
(PIIC3'^43A/ tluminum 
oiid*. 

Held tt temperatur* 17 
hour» tt S92 F and again 
tt 147¾ F. 

PMi»h*d with 0000 tbrtaiv* 
paper. 

Hemi»pherictl total 
•mlttance. 

Hoi*-in-tut* arid i*- 
•i»t*nc*-h*at*d- 
«trip-*p*cim*n 
method». 

Temperatur*» m*t»ur*d 
with optical pyrome¬ 
ter or thermocouple. 

Measured in vacuum. 
Data taken from 
curves. 

Numerous temperatur* 
cycles were mad* on 
each specimen. 

All specimens were 
from the same stock 
of material. 

Rudkin, R. L. IC'-mii-diameter wire. 
Surface changés noted after 
heating. 

Butler, Jenkins, 
Rudkin, and Laughridge 

Highly polished. 
Vacuum arc cast, machined, 
extruded, recrystallized, 
and rolled. 

Heir.ispherical total 
omittance. 

Resistance-heated 
strip specimen. 

Temperatures measured 
with thermocouples. 

Hemispherical total 
emittanc*. 

Power dissipated 
from electrically 
heated rod specimen. 

Brightness temper¬ 
atures measured with 
optical pyrometer - 
converted to true 
temperatures using 
velue» rutained at 
tha malting pwint, 

Hein1.spherical total 
emittanc*. 

Power dissipated per 
unit length of 
electrically heated 
wire. 

Temperatures measured 
with a two-color 
photoelectric 
pyrometer, an optical 
pyrometer and known 
resistivity versus 
temperature data. 

Hemispherical total 
emittanc*. 

Disk specimen. 
Temperatures measured 
with thermocouples. 

Emittance calculated 
from the mass, 

—• specific heat, and 
rate of change of 
temperature of the 
specimen. 

Mea sured in flow of 
argon gas. 

Data taken from 
curves. 

Measured in vacuum. 
Data taken from 
curve. 

Measured in vacuum. 
Data taken from 
curves. 
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NORMAL rOTAL EMITTANCE OF MOLYBDENUM 

NORMAL TOTAL EMITTANCE OF MOLYBDENUM—REFERENCE INFORMATION 

Reference Investigator Symbol 
Composition and 

Surface Condition Test Method Remarks 

Wade, W. R. Stably oxidized for 75 minutes 
at 1000 F. 

Betz, Olson, 
Schurin, and 
Morris 

Anthony and Pearl 

Polished (buffed). 

As received. 

Barnes, Forsythe, and 
Adams 

Polished. 
Composition not oiven. 

10 Coffman, Coulson, and 
Kibler 

Highly polished. 
Composition not given. 

Normal total emittance. 
Resistance-heated 
strip specimens. 

Commercial thermopile- 
radiation detector. 

Comparison blackbco/. 
Temperatures measured 
with thermocouples. 

Normal total emittance. 
Resistance-heated 
strip specimens. 

Comparison blackbody. 
Temperatures measured 
with thermocouples. 

Thermistor detector. 

Normal total emittance. 
Induction-heated 
specimen. 

Fhermopile detector. 
Comparison blackbody. 
Temperatures measured 
with thermocouples. 

Normal total emittance. 
Disk specimen. 
Thermopile detector. 
Comparison blackbody. 
Temperatures measured 
with thermocouples. 

Specimen heated by 
contact with copper 
heat-aiffusion plate. 

Normal total emittance. 
Induction heated 
specimen. 

Blackbody hole in 
specimen. 

Total detector. 
Temperatures measured 
with optical 
pyrometer. 

Measured in air. 
Hemispherical 
total emittance 
calculated from 
data taken at 
0, 30, 45, and 
60 degrees from 
the normal. 

Data taken from 
curves. 

Measured in 
vacuum. 

Data taken from 
tables. 

Measured in purge 
of helium, gas. 

Data taken from 
table. 

Measured in dry 
hydrogen. 

Data taken from 
table. 

Measured in posi¬ 
tive pressure of 
argon. 

Data taken from 
curves. 
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NORMAL TOTAL EMITTANCE OF TANTALUM 

NORMAL TOTAL EMITTANCE OF TANTALUM—REFERENCE INFORMATION 

Reference Investigator 

2 Betz, Oison, Schurin, 
and Morris 

24 Wade, W. R. 

Composition and 

Symbol Surface Condition Test Method 

O 

A 

X 

Composition "pure". 
Cleaned. 

Polished. 

Oxidized 30 minutes at 
"red heat". 

Composition not given. 

Oxidized SO minutes at 
1000 F. 

Oxidized 60 minutes at 
1000 F. 

Normal total emittance. 
Resistance heated 

specimen. 

Themis tor-bo lome ter 
detec tor. 

Comparison blackbody. 

Temperatures measured 
with thermocouples. 

Total normal emittance. 
Thermopile detector. 
¿pmparlson blackbody. 
Temperatures measured 
with thermocouples 

Remarks 

Measured in vacuum. 
Data taken from 
curves. 

Measured in air. 
Data taken from 
curves. 

0 Oxidized 80 minutes at 
1000 F. 

• Oxidized 110 minutes at 
1000 F. 

NOTEi The oxide formed 
was flaky, porous, and 
unstable. 

Coffman, Coulson, and * Highly polished, 
r'.ibler Composition not given. 

Normal total emittance. 
Induction-heated speci¬ 
men. 

Comparison blackbody 
hole in specimen. 

Total detector. 
Temperatures measured 
with optical 
pyrometer. 

Measured in 
positive pressure 
of argon. 

Data taken from 
cuïves. 



NORMAL SPECTRAL EMITTANCE OF MOLYBDENUM 

NORMAL SPECTRAL EMITTANCE OF MOLYBDENUM—REFERENCE INFORMATION 

Coapotltlon tnd 

R»f«r#nc» Inv»*tlgttor Syabol Sjrfic# Condition Tott Mothod Rmrki 

12 Prott t Hhltnoy 
Aircraft 

14 Prict, D. J. 

13 Taylor, J. E. 

10 Coffman, Coulson, 
and Kiblar 

0 
□ 
X 

Purity and aurfaca condition 
not givan. 

1800 F 
2000 F 
2200 F 

Normal apactral amlttanca. 
Modi fiad hola-ln-tuba 
mathod. 

Tamparaturaa maaturad 
»Ith callbratad optical 
pyromatar. 

Doubla-baam, ratio ra- 
cordlng apactrophotomatar. 

Thazmocoupla, photo- 

multlpllar, or laad- 
aulphlda datactora. 

Maaaurad In 
vacuum at 
1800, 2000, 

and 2200 F. 
Data takan 

from curva. 

CoaaMrcially pura. 
Pollabad. 

Normal apactral amlttanca. 
Hola-ln-tuba mathod. 
Spactromatar and thtrmo- 
plla datactor. 

Tamparaturaa maaaurad 
with optical pyromatar. 

Maaaurad In 
atatlc atmoa- 

phara of 
hydrogan. 

Data takan 

from tabla. 
Maaaurad at 

2239 F. 

A Purity 99.9 par cant. 
Cold rollad and highly 
pollahad. 

Normal apactral amlttanca. 
Hola-ln-tuba mathod. 
Monochromator and photo- 
multlpliar datactor. 

Tamparaturaa maaaurad 
with optical pyromatar. 

Maaaurad In 
vacuum of 
10-7 mm Hg 
or battar. 

Data takan aa 
avaraga of 
curvaa at 
tamparaturaa 
of 2655, 1971, 
and 1857 F. 

Highly poliahed. 
Composition not givan. 

A 2421 F 
V 4582 F 

Normal spectral amlttanca. 
Induction-heated specimen. 
Monochromator and de¬ 
tector. 

Comparison blackbody hole 
in specimen. 

Temperature measured with 
optical pyrometer. 

Measured in 
positive 
pressure of 
argon. 

Data taken from 
curves. 
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SPECTRAL EMITTANCE OF MOLYBDENUM 

SPECTRAL EMITTANCE OF MOLYBDENUM—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

16 Betz, Oison, Schurin, 
and Morris 

15 Gier, Dunkle, and 

Bevans 

O As received. 

A Cleaned. 
□ Polished 

Composition not given. 

X Commercially pure. 
Surface condition not 

given. 1 

Spectral reflectance. 
Incident radiation 9 

degrees to normal. 
Spectrophotometer with 
integrating sphere 
and lead sulphide de¬ 

tector. 
Normal (9 degrees) 
illumination. 

Diffuse (hemispherical) 
viewing. 

Measured in air. 
Data taken from 

curves. 
Measured at room 

temperature. 

Spectral reflectance 
at'5 degrees to 

normal. 
Gier-Dunkle blackbody 
reflectometer. 

Monochromator de¬ 
tector and amplifier. 

Temperatures measured 
with thermocouples. 

Diffuse illumination. 
Normal (5 degrees) 
viewing. 

Measured in air 
at room temper¬ 

ature. 
Data taken from 
curve. 
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TOTAL SOLAR ABSORPTANCE OF MOLYBDENUM 

TOTAL SOLAR ABSORPTANCE OF MOLYBDENUM—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

6 Butler, Jenkins, Rudkin, 0 
and Laughridge 

Highly polished. 
Vacuum arc cast, machined, 
extruded, recrystalllted, 

and rolled. 

Total solar absorptance. 
Carbon-arc-1.nage 

furnace. 
Disk specimen. 

Temperatures measured 
Mith thermocouples. 

Absorptance calculated 
from mass, specific 
heat, rate of change 
of temperature, and 
known irradiance of 
the surface. 

(Solar spectrum 
simulated by carbon 

arc.) 

Measured in 
vacuum. 

Data taken from 
curves. 
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NORMAL TOTAL EMITTANCE OF MCLYBDENUM-C.5 PER CENT TITANIUM ALLOY 

NORMAL TOTAL EMITTANCE OF MOLYBDENUM-:.!) PER CENT TITANIUM ALLOY-REFERENCE INFORMATION 

• Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

17 Fleldhouse and Long 0 Nominal composition. 

Surface roughness 32 micro¬ 

inches rms. 

Normal total emittance. 

Induction-heated 

specimen. 

Monochromator, thermo¬ 

couple detector. 

Comparison blackbody. 

Temperatures measured 

with micro-optical 

pyrometer. Facilities 

provided for angular 

measurements. 

Measured in 

vacuum. 

Data taken from 

curve. 

Normal total 

emittance equals 

hemispherical 

total emittance 

for this sample. 
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NORMAL SPECTRAL EMITTANCE OF MOLYBDENUMS).5 TITANIUM AT 480 F 

NORMAL SPECTRAL EMITTANCE OF MOLYBDENUM + 0.5 TITANIUM AT 480 F—REFERENCE INFORMATION 

" Composition and 

Reference Investigator Symbol Surface Conditlon Test Method Remarks 

25 Adams, J. G. As received 

Heated 30 minutes In argon 

at 2000 F 

Heated 30 minutes in 2.2 x 
10“5 um Hg pressure at 

2000 F 

Normal spectral emittance. 

Furnace-heated disk speci¬ 

men. 

Comparison blackbody 

(Hohlraun). 

Spectrometer-mono¬ 

chromator with photo¬ 

multiplier, lead 

sulphide, and thermo¬ 

couple detectors. 

Temperatures measured 

wi-th ttiennucouples. 

Measured in argon. 
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NORMAL SPECTRAL EMITTANCE OF MOLYBDENUM - 0.5 TITANIUM AT 930 F 

NORMAL SPECTRAL EMITTANCE OF MOLYBDENUM + 0.5 TITANIUM AT 930 F~REFERENCE INFORMATION 

Composition and 
Ref»ranea Investigator Symbol Surface Condition Test Method Remarks 

25 Adams, J. G. As received 

Heated 30 minutes in argon 
at 2000 F 

Heated 30 minutes in 2.2 x 

10-5 mm Hg pressure at 
2000 F 

Normal spectral emlttance. 

Furnace-heated disk speci¬ 
men. 

Comparison blackbody 

(Hchlraun). 

Spectrometer-mono- 

cniuuidior with photo¬ 

multiplier, lead 

sulphide, and thermo¬ 

couple detectors. 

Temperatures measured 

with thermocouples. 

Measured in argon. 
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NORMAL SPECTRAL EMITTANCE OF MOLYBDENUM + 0.5 TITANIUM AT 1380 F—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

2¡> Adams, J. G. Heated -30 minutes In argon 

at 2000 F 

Heated 30 minutes In 2.2 % 

10-5 mm Hg pressure at 

2000 F 

Normal spectral emittance. Measured In argon. 

Furnace-heated disk speci¬ 

men. 

Comparison blackbody 

(Hohlraun). 

Spectrometer-mono¬ 

chromator with photo¬ 

multiplier, lead 

sulphide, and thermo¬ 

couple detectors. 

Temperatures measured 

with thermocouples. 
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HEMISPHERICAL TOTAL EMITTANCE OF TANTALUM 

HEMISPHERICAL TOTAL EMITTANCE OF TANTALUM—REFERENCE INFORMATION 

Composition and 
Reference Investigator Symbol Surface Condition Test Method Remarks 

7 

6 

Glasier, Allen, and 
Saldinger 

Butler, Jenkins, 
Rudkin, and 
Laughrldge 

0 

□ 

X 

Polished *lth 0000 abrasive 
paper. 

Fansteel material. 

National Research material. 

Hemispherical total 
emittance.. 

Power dissipated from 
electrically heated 
rod specimen. 

Brightness temperatures 
measured with optical 
pyrometer - converted 
to true temperatures 
using values obtained 
at the melting point. 

Measured in flow 
of argon gas. 

Data tasen from 
curves. 

Highly polished. 
Commercially pure, arc 
cast, or sintered. 

Hemispherical total 
emittance. 

Carbon-arc-image 
furnace. 

Disk specimen. 
Temperatures measured 
with thermocouples. 

Emittance calculated 
from mass, specific 
heat, and rate of 
change 0¾ temperature 
of specii|.en. 

Measured in 
vacuum. 

Data taken from 
curves. 
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NORMAL TOTAL EMITTANCE OF TANTALUM 

NORMAL TOTAL EMITTANCE OF TANTALUM—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

2 

24 

10 

Betz, Olson, Schurln, 

and Morris 0 

A 

X 

Wade, W. R. 

A 

Coffman, Coulson, and * 
Kibler 

Composition "pure". 

Cleaned, 

Polished. 

Oxidized 30 minutes at 
"red heat". 

Composition not given. 
Oxidized SO minutes at 

1000 F. 

Oxidized 60 minutes at 
1000 F. 

Oxidized 80 minutes at 

1000 F. 

Oxidized 110 minutes at 
1000 F. 

NOTE i The oxide formed 
was flaky, porous, and 
unstable. 

Normal total emittance. 
Resistance heated 

specimen. 

Thermistor-bolometer 
detector. 

Comparison blackbody. 

Temperatures measured 
with thermocouples. 

Total normal emlttaace. 
Thermopile detector. 
Comparison blackbody. 

Temperatures measured 
with thermocouples 

Measured in vacuum. 
Data taken from 
curves. 

Measured in air. 
Data taken from 

curves. 

Highly polished. 
Composition not given 

Normal total emittance. 
Induction-heated speci¬ 
men. 

Comparison blackbody 
hole in specimen. 

Total detector. 
Temperatures measured 
with optical 
pyrometer. 

Measured in 
positive pressure 
of argon. 

Data taken from 
curves. 
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NORMAL SPECTRAL EMITTANCE OF TANTALUM 

NORMAL SPECTRAL EMITTANCE OF TANTALUM-REFERENCE INFORMATION 

Composition ind 

Reference Investigator Symbol Surface Condition Test Method Remarks 

Id 

7 

Betz, Olson, Schurin, 
and Morris 

Fiske, M. D. 

Glasier, Allen, and 
Saldinger 

0 As received, cleaned, and 
polished. 

X Oxidized for 30 minutes 

at red heat. 

£ As received. 
Purityi 99.9 per cent. 

V Polished with 0000 
abrasive papers. 

□ Fansteel material. 

National Research 
material. 

Normal spectral 
emlttance. 

Modified hole-in¬ 
tube method. 

Optical pyrometer 

Measured in 
vacuum. 

(X= 0.66S#) 
Data taken from 
curves. 

Normal spectral 
emlttance. 

Hole-in-tube method. 
Calibrated optical 

pyrometer. 

Measured in 
vacuum. 

Ov = 0.669/1) 
Data taken from 
curve. 

Normal spectral 
emlttance. 

Electrically heated 
rod specimen. 

Brightness temper¬ 
atures measured with 
optical pyrometer. 

True temperatures 
obtained using values 

at melting point and 
heat-flow rates. 

Measured in flow 
of argon gas. 

Data taken from 
curves. 

Ov= 0.66/- ) 
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NORMAL SPECTRAL EMITTANCE OF TANTALUM 
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NORMAL SPECTRAL EMITTANCE OF TANTALUM—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

A Pratt & Whitney 0 

Aircraft 

19 Riethof, T. R. 

X 

Purity and surface condition Normal spectral emittance. 

not given. Modified hole-in-tube 

method. 

Temperature measured with 

calibrated optical 

pyrometer. 

Double beam, ratio re¬ 

cording spectrophotome¬ 

ter. 

Thermocouple, photo¬ 

multiplier, or leaJ- 

sulphlde detectors. 

Measured in 

vacuum. 

Data taken from 

curve. 

Measured at 

2200 F. 

Highly polished. 

Composition not given. 

4350 F 
2640 F 

Normal spectral emittance. 

Induction heated speci¬ 

men. 

Comparison blackbody 

hole in specimen. 

Monochromator and photo¬ 

multiplier or thermo¬ 
couple detectors, . 

Temperature measured with 

optical pyrometer. 

Measured in 

purified argon 
or vacuum. 

Data' taken from 

curves. 
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NORMAL SPECTRAL EMITTANCE OF TANTALUM AT 480 F 

NORMAL SPECTRAL EMITTANCE OF TANTALUM AT 48" F~REFEfiENCF INFORMATION 

Composition and 

Reference Investigator Symbol Surfsce Condition Test Method Remarks 

25 Adams, J. G. As received 

Heated 30 minutes In 
at 2000 F 

Heated 30 minutes In 
10“^ mm Hg pressure 

2000 F 

..rgon 

X 

at 

Normal spectral emlttance. Measured In argon. 
Furnace-heateu disk speci¬ 
men. 

Comparison blackbody 

(Hohlraun). 

Spec t rome te r-mono- 

chromator with photo¬ 

multiplier, lead 

sulphide, and thermo¬ 

couple detectors. 

Temperatures measured 
with thermocouples. 
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NORMAL SPECTRAL EMITTANCE OF TANTALUM AT 930 F 

NORMAL SPECTRAL EMITTANCE OF TANTALUM AT 930 F—REFERENCE INFORMATION 

IS 17 

09 

09 

.10 

Investigator Symbol 
Composition and 

Surface Condition Test Method Remarks 

Adams, J. G. As received 
Heated 30 minutes in argon 
at 2000 F 

Heated 30 minutes in 2.2 x 
10”^ mm Hg pressure at 
2000 F 

Normal spectral emittance. 
Furnace-heated olsk speci¬ 
men. 

Comparison blackbody 
(Hohlraun). 

Spec tromp ter-mono- 
chromatoi with photo¬ 
multiplier, lead 
sulphide, and thermo¬ 
couple detectors. 

Temperatures measured 
with thermocouples. 

Measured in argon. 

I 



NORMAL SPECTRAL EMITTANCE OF TANTALUM AT 1380 F 

NORMAL SPECTRAL EMITTANCE OF TANTALUM AT 1380 F—REFERENCE INFORMATION 

Composition and 

Reference Investigator Symbol Surface Condition Test Method_Remarks 

2b Adams, J. G As received 

Heated 30 minutes in argon 

at 2000 F 

Heated 30 minutes in 2.2 x 
10-5 mn, Hg pressure at 

2000 F 

Normal spectral emittance. Measured in argon. 

Furnace-heated disk speci¬ 

men. 

Comparison blackbody 

(Hohlraun). 

Spectrometer-mono¬ 

chromator with photo¬ 

multiplier, lead 

sulphide, and thermo¬ 

couple detectors. 

Temperatures measured 

with thermocouples. 
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SPECTRAL em:itance of tahtalum 

spEcniAL em:tta>;ce of tantalum—reference information 

Refirent» 

Composition end 

Investiqator Symbol Surface Condition Test Method Reir.arKS 

2 Betz, Olson, Schurln, 

and Mnrr!s 

20 Fabre and Romand 

A 
□ 
0 
X 

A 

As received. 
Cleaned. 

Polished. 
Oxidized. 

Evaporated film. 
Polished appearance 

Thlcknessi 1 per cent 
or less transmission 

in the visible 
region. 

Spectral reflectance at 

9 degrees to normal 
Incidence. 

Integratino sphere, 

spectrophotometer, mono¬ 
chromator, lead sulphide 

detector. 
Normal (9 degrees) 
illumination and diffuse 
viewing. 

Measured in air. 

Dota taken from 
curves. 

Spectral reflectance at 
18 degrees from the 
normal. 

Monochromator, photo¬ 
multiplier detector. 

Measured in 
vacuum. 

Date taken from 

table. 
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TOTAL SOLAR ABSORPTANCE OF TANTALUM 

TOTAL SOLAR ABSORPTANCE OF TANTALUM—REFERENCE INFORMATION 

Compatitlon and 

Reference Investigator Symbol Surface Condition Test Method Remarks 

6 Butler, Jenkins, 
Rudkin, and 

Lauqhridge 

0 Highly polished. 

Commercially pure, arc cast 
or sintered. 

Total solar absorptance. 
Carbon-arc-image 

furnace. 
Disk specimen. 

Temperatures nfeasured 
with thermocouples. 

Absorptance calculated 
from mass, specific 
heat, rate of change 
of temperature, and 
known irradiance of 
surface, 

(Solar spectral distri¬ 
bution simulated by 
carbon arc,) 

Measured in 
vacuum. 

Data taken from 
curves. 
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HEMISPHERICAL TOTA: EMITTANCE OF rJNGSTEN 

HEMISPHERICAL TOTAL EMITTANCE OF TUNGSTEN—REFERENCE INKRMAIION 

R#f»r#nc# Ir.vvitlgator S/mbcl 
Comçot Itlon arvj 

Surfac* Condition Itst Mtthod 

Glasier, Allen, and 
Saldlnger 

Polished with 0000 abrasive 
papers. 

fansteel Raterial. 

*ah Cnang Raterial. 

Rudkin, Parker, and 
Restover 

Spectrographlcally pure 
straight wire 
(0.010-inch diameter). 

Pratt & Rh.itnty 
Aircraft 

0 

Ü 

Allen, R. D. 

V 

Purity and surface 
condition not given. 

Total anittance equipment. 

Spectral emittance 
equipment. 

Porous tungsten. 

Per cent of theoretical 
density: 

90 
90 
70 
70 
70 

Hemispherical total 
eml ttence. 

Power dissipated from 
electrically heatad 
rod specimen. 

Brightness lemperatuies 
■.•a su red with optical 
pyrometer - converted 
to tru* temperature 
using values obtain*d 
at melting f^lnt. 

Hemispherical tcUl 
emittance. 

Electrically heated 
wire. 

Measured power input 
to consunt temper¬ 
ature tone. 

Temperature* measured 
with two-color photo¬ 
electric pyrometer. 

Hemispherical toUl 
emittance. 

Power dissipated from 
resistance-heated 
strip spetiiMrii. 

Temperatures measured 
with therm.couples. 
(Optical pyrometer 
in spectral-hole-in- 
tuoe method.) 

Hemispherical total 
emittance. 

Heat radiated from 
solid rod of re¬ 
sistance-heated 
material to cold 
walls. 

Temperature calculated 
from brightness 
temperature and 
spectral emittance 
data. 

Measured In flow 
of argon gas. 

Data taken from 
curves. 

Measured In vacuum. 
DaU taken from * 
curve. 

Investigators 
estimated 
accuracy t 10 
per cent. 

Measured In 
vacuum of 10“^ 
to 10*^ wn of 
Hg. 

Data taken from 
tableland curve. 

Measured in 
positive 
pressure of 
argon. 

Data taken from 
curves. 

I 
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NOMUL TOTAL EM! TTANCt Of TUNGSTEN 

NOHMAL TOTAL EM]HANGE OF TUNGSTEN—REFERENCE INFORMATION 

Ccopoiltion «nd 
Rtftrcnct Invtstlqator Symbol Surfte* Condition Tett M*thr' Remtrkt 

10 

5 

1 

Coffman, Coulton, and Q Highly pollthtd. 
Klblar Competition not givon. 

Anthony and P*arl O Aa recalvad. 
Composition not glvtn. 

Barnes, Forsythe, 
and Adams 

À Polished. 
Composition not given. 

Normal total emlttance. 
Induetlon-healed 
specimen. 

Comparison blacabody 
hole In specimen, 

Total detector. 
Temperatures measured 
aith optical pyrometer. 

Measured In 
positive pressure 
of argon. 

Data taten from 
curve. 

Individual data 
points not given. 

Normal total emlttance. 
Induction-heated speci¬ 
men. 

Thermopile detector. 
Comparison blackbooy. 
Temperatures measured 
with thermocouples 
and optical pyrometer. 

Measured In 
continous purge 
cf helium gas. 

Data taken from 
curve. 

Normal total emlttance. 
Disk specimen. 
Thermopile detector. 
Comparison blackbody. 
Temperatures measured 
with thermocouples. 

Specimen heated by 
contact with copper 
heat-diffusion plate. 

Measured In dry 
hydrogen. 

Data taken from 
table. 
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NORMAL TOTAL EMITTANCE OF TUNGSTEN 

NORMAL SPECTRAL EMITTANCE OF TUNGSTEN-REFERENCE INFORMATION 

Composition and 
Retarenc* Investigator Symbo! Surfac* Condition Test Method Remarks 

21 

7 

Allen, R. D. 

Glasier, Allen, and 
Saldlnger 

0 
□ 
X 
A 

A 

Porous tungsten. 

Per cent of theoretical 
densltyi 

90 
90 
7C 
70 
70 

Normal spectral emittence. 
Determined using bright¬ 
ness temperature, heat- 
flow rate and the de¬ 
rivative of brightness 
temperature with respect 
to heat-flow rate. 

Resistance-heated rod 
specimen. 

Measured in 
positive 
pressure of 
argon. 

Data taken from 
curves. 

Ov= 0.65/*) 

Polished with 0000 
abrasive papers. 

Fansteel material. 
Wah Chang material 

Normal spectral emittance. 
Electrically heated rod 

specimen. 
Brightness temperature 
measured with optical 
pyrometer. 

True temperature obtained 
using values at melting 
point and heat-flow rate. 

Measured In flow 
of argon gas. 

Data taken from 
curves. 

Ov= 0.65y* ) 
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«can*, wcnui wtrTAin a n*cù:u 

swcnu; «rTwa :# n»KTifc—«rnioci :w»«Mr:ofc 

Ci*po«.i:oM «nd 
a«f*(«nc« Invdttlfdlfli StM»i Vtilué CoMéltldn 

10 

I« 

n 

22 

^r«tt A •ktu*» âiicr«ft X 

Colimé’, C«wl*er, ••«i O 
Cltl*r 

i:*thoft T. A. Ù 

•jo Ve« X 

Uirébd* 

Forsyth« and Adai"« 

Krlty «»4 twfUc* <o«4UI«a 
not |:«««. 

Cca»o«M.«A n«t 

M!«Mt pellAMd. 
cWoeit: :* ' « «!*•»■. 

VWicrdf» tul efe 
rlbfeeM fot««! I*tc 
tri«n«u;«r ci«««* 
••ctlon tuA*. 

Vitf el**'* o’i »’■'**,04 
«t JAnr t for |0T heut«. 

Coapctltlon p*t 

F« O.C|d - 0.01) 
Si 0.004 - o.rct 
■n 0.001 - 0.003 
Hq 0.0003 - 0.0006 
kl *b«*M 

Purity - 99.A p#r c«nt 
or b«tt«r. 

'A good aurfac»" after 
aging at JOOO K ln 
inert ga« for 2 hour«. 

Data given for 80 and 
3140 F. 

«.Mul «eMtra. ealtt««*. 

•oXfjO. 
’.mpot»u.to* mo*MO« 
•111» (•!ikrated e»«ice: 
»rroMier. 

Ocva:»^*««. ratle r*- 
• • •• • ■ • • - ■ ' 

Pkdteaul 11*1 ler. tkarae- 
«M9l*| or 1—Ã 9dl»61#t 
date«ter«. 

Vmal mittaaca. 
IndwCtlaateAOdtai «oocioea. 
■»*»94 arm»«« r and te¬ 

ta« tor. 
ilaokody ti«ld 1« e»d<i> 
■do. 

Te»e«ratwr« tk 
odtli«l rrrmatdr. 

Womal «AMtre. «Bitidr.?«. 
InAwctlditekdetdd «p»rl* 
am* 

Ccaiparlton ».acatod? 

■ ' :MnMt » and 
pketamltipllar at 
t»*m< -t'.a data«ten. 

Taair«rat<ara aa*»urad • '* 
optu«; ptroaatar. 

«'mal «pettrel mit larra, 
Nole-|r-?«itd «atrod, 
■arocrrctoatar« pToto- 

«nd load toilpridd m- 
tecter*. 

"••«•f«tuf•« a«««grad 
■Itk cellkratad 

■ . 

Horra', «pactral mlttin«*. 
■onoc^rodkator and photo- 

. . 
Tmparature« »«aturad 
«Itr callbt«tad optical 
pyromtar. 

A compilation of earlier 
data obtained by 
Northing, Neniger and 
Pfund, Hulbert, and 
Zwlkker. 

■•»«wtad I» vac rate 
• ” T -¡ • 

fedttdf 

Data tata* fio» 
curva«. 

■aatutad Im 
petit i *» me» Mme 
•f arpm (1.) 
ats). 

Data ta« a« f roa 
«uive«. 

O«;« imeee 
(urvae fer tm 

. ■ • • 
. te»«t taopa»" 
atura« ara 
«hem. 

Other* fall be- 
toa«« t’aaa tm». 

■»«•«rad im arpe« 
of vacam. 

Data ta*ar fr a 
cueva«. 

■aivurad In 
vacum and 
arpea. 

«»tat TuPa 
reatad ln vacum 

M. te reduce 
oi'da«. 

m««»ur»e at 24^ , 
7^, Jl«o, 
•' . •*' . 
■ . . * + f. 

Only tha first 
and la** are 
«boon. 

Ha a tu rad In 
vacuum of 9.) 

or batter. 
Haaturad at 2241, 

2781, 3141, 
jbOl, 38*1 F. 

Only tha flrtt 
and la«t of 
thata thown. 

(Although not 
original tett 
data, it wat 
thought that 
some of the 
•ailier work 
should be In¬ 
cluded for ref¬ 
erence.) 
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NORMAL SPECTRAL EMITTANCE OF TUNGSTEN 

NORMAL SPECTRAL EMIRANCE OF TUNGSTEN-REFERENCE INFORMATION 

Conpotltion ind 

Rtfertnce InvcitlfAtor Symbol Surfic» Condition Totl Method Remark« 

25 Adam*, J. G. At received 
Measured at 48r F 

Measured at 930 F 
Measured at 1380 F 

Normal spectral emittance. Measured In air. 
Furnace-heated disk speci¬ 
men. 

Comparison blackbody 
(Hohlraun). 

Spectrometer-mono¬ 
chromator with photo¬ 
multiplier, lead 
sulphide, and thermo¬ 
couple detectors. 

'emperatures measured 
with thermocouples.1 
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