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ART. VII.- Upon an Optical Methodfor the Meas/j,rement of High 
Temperatures,. by E. L. NICHOLS, Ph.D. (Gottingen). 

IN a previous paper* a sel·ies of experiments upon the nature 
and intensity of the light emitted by glowing platinum were 
described. It is proposed in this article to discuss more fully 
the results then obtained, and to develop from them, so far as is 
at present possible, an optical method for the measurement of 

* On the Character and Intensity of the Rays emitted by Glowing Platinum, 
vol. xviii, Dec., 1879. 
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high temperatures. This method depends .upon our ability to 
obtain, from results such as are recorded m Table IX of that 
paper, a general expression for the radiating power of any 
given body as a function of the temperature, or, wha.t .amounts 
to the same thing, to find the values of the quantltles, A, E 
and I, in Kirchhoff's equation 

e = ! = I UJ~:o. (1) 

These quantities being given, the temperature of a source of 
light could be determined by comparing the intensity of por­
tions of its spectrum-as for instance those lying between A 
and A+dA, A' and A' +dA', A", and A" +dX', &c.-with the corres­
ponding wave lengths of the spectrum of a body of known 
temperatul'e and of known emissive and absorptive capacity_ 
Here, as in my fOl'mer paper, are to be understood by the terms 
"absorptive aI)d emissive capacity," the qualities A. and E, as 
defined by Kirchhoff.* Such a method, even though its accu­
racy be limited to that attainable in other spectrophotometric 
determinations, would bring into the field of quantitative re­
searcb, a domain in which, so far as temperature is concemed, 
accurate measurements have been hitherto unattainable. 

M. Crova, in Comptes Rendus, has suggested a similar 
method. He gave, however, no measurements of glowing tem­
peratures upon which to base his method, and ignored entirely 
the very serious difficulties to be overcome before it can be 
made practically available. M. Crova proposes the following 
three modes of procedure: 

1. "Au moyen de la longueur d'onde de la radiation qui 
limite Ie spectre vel'S Ie violet."t 

2. "Par la position du maximum calorifique du spectrf' qui 
se rapproche d'autant plus du violet que la temperature d'emis­
sion et pIns haute." 

3. "Au moyen du rapport de 1'intensite Inmineuse d'une 
radiation determinee A, pris dans Ie spectre de la source, a 
l'intensite de cette meme radiation du spectre d'une source 
de temperature connne, comparee au rapport des intensites 
lumineuses d'nne autre radiation A' dans ces deux memes 
spectres." 

" .... La mesure vigoureuse des temperatures pourra etre 
faite pal' voie spectrometrique des que I'on cOllDllitra la 10i 
exacte de l'emission pour tontes les radiations et des cOllstantes 
numeriques pOllr cbaque longueur d'onde .... ," 

I n the first met.bod, the visible spectrum is falsely assumed 
to have a clearly defined bonnclal'J fit its end nearest the violet. 

* Kirchhoff. Untersuchungen fiber das Sonnenspectrum, Anhang, § 2. 
t Crova, Etude spectrometrique de quelques sources lumiileuses; Comptes 

Rendus, lxxxvii, 322. 
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In point of fact tbe "lim£t 0/ the spectrum" admits (see vol. 
xviii, p. 400) of no sbarp determination, depending as it does 
upon tbe constantly varying condition of the observer's eye. 

If, as is commonly suppoRed, the position iu the spectrum of 
the thermal maximum were a function of the temperature, tbe 
second method would be at best practically applicable to but a 
few of the most intense sources of light. Some recent discov­
eries of Dr. Jacques in Baltimore,* seem to show that the posi­
tion of the thermal maximum depends upon the molecular 
weight of the glowi ng body, and that, for a gi ven source of 
light, its position is in no way affected by a change of tem­
perature. This newly discovered fact renders Crova's second 
method useless. I shall show presently that aside from Jacques' 
experimental evidence there are good reasons for supposing the 
position of the thermal maximum to depend upon the nature of 
the glowing body rather than upon its temperature. 

'I'he third method coincides with that which I have pro­
posed. 'I'he chief difficulty in the development of it lies in 
the varying values of the emissive and absorptive capacity of 
different bodies. 

In Equation (1) the fraction ~ is to be sure independent of 

the nature of the body in question; not so, however, the quan­
tities E and A, considered separately. 'l'bat AI possesses for 
different substances widely different values we know from for­
mer researches. Hitherto, however, these experiment.s have 
been confined to ordi nary tem peratures, and the question of the 
dependence of this quantity upon the temperature has been for 
the most part Ileglected. 

For the purposes of general discussion it is convenient to 
divide all bodies into four classes. 

I. Bodies for which A=Constant, for all wave lengths and 
for all tempemtures. 

II. Bodies for which .A varies with the temperature, but has 
the same value for all wave lengths. 

III. Bodies for which A varies with the temperature and 
possesses different values for different wavelengths, but for 
which the ratio of these values in any two spectral-regions A to 
A+dA and A' to A' +dA' is independent of the temperature. 

IV. Bodies for which A varies with the temperature and 
wave length and for which the above·mentioned ratio is also a 
function of the temperature. 

Black bodies are, by definition, of the first class. Whether 
bodies exist for which A=Constant <1, can only be deter­
mined by special experiment. rro the second class belong 

* Distribution of Heat in the Spectra of various sources of Radiation. Cam­
bridge, 1879. 
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bodies which absorb all colors in equal proportion. They 
appear colorless when nearly transparent,white or gray when 
opaque, according to the intensity of t.he light falling upon 
them and to their reflecting power. That many transparent 
bodies belong to this class and not to class I, is evident from 
the fact that although they remain transparent and colorless at 
temperatures above that at which metals are red hot, it is possi. 
ble by heating them still further to cause them to glow brightly. 
Such a change in the power of emission corresponds to an in­
crease in absorptive capacity. 

That in general the absorptive capacity of other than black 
bodies cannot be a constant quantity may be inferred from the 
usual equations for the intensity of the reflected ray. Let the 
body in question be opaque. Of all rays falling upon it one 
portion will be reflected, the remainder absorbed. It has how­
ever been proved that such bodies are in general transparent 
when taken in sufficiently thin layers. The rays must there­
fore instead of being converted into heat at the surface, force 
their way to a certain depth into the interior of the body, and 
we are justified in assuming that refraction occurs. Let r be 
the angle of refraction, and i the angle of incidence of a certain 
pencil of light falling upon the substance. Let the intensity 
of the incident ray = 1. Whatever the character of its vibra­
tions-provided only that in accordance with the accepted 
theory they be transversal-the ray can be resolved into two 
components, the one polarized in the plane of incidence, the 
other perpendicularly to it. Let ep and e, be the amplitudes of 
these components the intensities of which are denoted by ,/p 
and f8' Then 

h=ep i , f,=e,i; 
The amplitudes of the reflected portion of the component ep 
will be .. 

and its intensity, 

B _ sin (i-r) 
p_ep sin (i+r) (2) 

R _.f.' sin • (i-r) ) 
p-Jp sin '(i+r) (3 

The amplitude of the other part of the reflected ray will be 

and its intensity 

B tang (i-r) 
,=e, tang (i+r) (4) 

R-f, tang O(i_r) ( ) 
,- 'tangO(i+r)" 5 

The expressions (3) and (5) approach 0 as a limit when the 
values of rand i are made to approach each other. In other 
words, when the optically denser medium becomes less dense 
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the intensity of the reflected ray diminishes, and a larger 
portion of the incident ray is absorbed. 

We know that in the case of liquids their refractive index 
increases with their physical density, and that generally it 
changes for other bodies with change of temperature. The 
change in the index of refraction is however equivalent to a 
change of optical density and of the quantity (1' -i) j so that we 
may expect, for all bodies for which Fresnel's formula holds, a 
change in tbe intensity of the reflected ray ancl consequently 
of the absorptive capacity for evtlry change of temperature. 

Those substances, at the surfaces of which so-called" metalli 
reflex ion" occurs, are not included int his argument, since the 
formulre do not apply to them. 'rhey would have to be con­
sidered in the lack of further knowledge as possible exceptions 
to the law. 

For such bodies MacCullagh,* making nse of the hypothesis 
of an imaginary angle of refraction, assumed for r the follow­
ing expression: 

. sini +_,-. 
sm r= - cosX IV -1 sm X. 

m 
sin i . = - (cos "X+sm"X) n 

which admits of the common definition of n 
sin i 

n=sinr' 

since even for an imaginary angle, 
cos"r+sin"r= 1. 

In a similar manner MacCullagh assumes 
cosi - . 

cos r= -, (cos x'+V- 1 1!\1ll X'), 
fn 

where m' and X' are functions of m and X. 
Substituting these values in equation (3) we obtain, 

(m lO _m")"+4mlO rn" sin" (x-i) 
Rp = pJ (m"+ 171 10+ 'lm' m cos (x- i»" 

(6) 

('7) 

To cause Rp to disappear we must set m=m' and X=X'. 
MacCullagh determined experimentally the values of m and X, 
but I know (If no researches from which to draw any conclu­
sions concerning the influence of temperatnre upon these 
quantities. 

Cauch.vt gives for Rp the following expression, 
R _ sin" (i- r)+ y" sin' r 

p -ft. sin' (i+r)+y' sin' r ' 
* MacCullagh, Proceedings of the Irish Academy, i, 2, 159; ii,375. 
t Cauchy j Comptes RenduB, ii, 427 j viii, 553-658 j ix, 727 j xxvi, 86. 

(9) 
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making use of the hypothesis that the intensity of the 
refracted ray within the metal, diminishes in geometrical pro­
gression from the sUI'face inward. Here as in the equations 
for ordinary reflected light, Rp depends upon the quantity 
sin (i-r). In w;hat manner r .is influenced by ?hange of tem­
perature has never been experImentally determmed. 

I have found, experimentally, the value of A for platinum 
at 1650° C (of the Pt. thermometer). At this temperatl1re the 
spectrl1m afforded hy glowing platinum is similar as regards 
the relative intensity of its various wave lengths to that of the 
flame of a petroleum lamp. Such a lamp-flame, the luminous 
rays being emitted by hot particles of carbon, answers most 
nearly of any aval1able source of light the definition of a black 
body glowing at a constant temperature. 

A flame of this kind is far from being opaque. It is quite 
possible under proper conditions to read fine print through it, 
so that in this respect the flame differs from a perfect, "black 
body." I measured in the followi ng way the transparency of the 
petl'Oleum flame which I wished to use in the experiments 
about to be described. 

Suppose such a flame to be brought into position before the 
spectrophotometer so that a certain pencil of rays would fall 
upon the slit. Were the flame perfectly tmnsparent, a second 
precisely similar one and equally bright would, if placed be­
hind the first flame, double the intensity of the above men­
tioned pencil of rays. Were on the other hand the first flame 
perfectly opaque, all rays reaching it from the second flame 
would be cut off, and the light arriving at the slit would suffer 
no increase in brightness. 

The nearest approach to a second precisely similar flame is 
the real image of the first one. This image would be, when 
of the same size, of weaker intensity than the flame itself; but 
its other properties should, provided the mirror absorb all 
wave lengths of light in equal proportion, coincide perfectly 
with those of the flame. 

I illuminated both halves of the slit of the spectrophotometer 
with two common petroleum lamps with flat burners. Before 
the lower flame, was adjusted a system of cross-wires, of which 
the horizontal ones appeared as dark lines in the polarized 
spectrum. By means of these it was easy to tell which portion 
of the flame came into the field of vision. Behind this lamp I 
placed a concave mirror, so that a real image of the flame was 
cast upon the flame itself. This image was of the same size 
but weaker than the flame. Since the horizontal wires ap­
peared in the spectrum of the image as well as in that of the 
flame, forming another set of black lines, it was possible to 
adjust the mirror so that corresponding portions of flame and 
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image coincided. The spectrum formed by the two combined 
was much brighter than that of the flame alone, and it was 
easy, having measured the increase of intensity due to the 
image, to calculate how much of light reflected by the mirror 
and falling upon the flame, was absorbed" and how much 
allowed to pass through it. In making this calculation it was 
necessary to know: the reflecting power of the mirror, the 
transmitting power of the lamp chimney, and the relative in­
tensity of the spectrum of the flame to that of the flame and 
image combined. 

First of all the transmitting power of the lamp-chimney was 
investigated; The lamp having been provided with an exactly 
similar chimney, the spectrophotometer adjusted and the spec­
trum of this lamp flame having been compared with that of the 
flame lighting the upper half of the slit, the chimney to be ex­
amined was suspended in the path of the rays between the 
flame and slit, whereupon the spectm were again measured. I 
found that the chimney permitted the passage of 0·8573 of the 
light. Then the mirror was taken in hand. The lamp being 
moved a few centimeters to one side and the mirror turned 
until the image of the flame occupied the ·former position of the 
flame itself j the intensity of the resulting spectrum was meas­
ured. This gave as illuminating power of the image, 0·6509 of 
the flame'.s intensity. The lamp was then restored to its place 
before the slit and the mirror readjusted until those portions of 
the flame and image which appear in the spectral image coin­
cided. The spectrum of this double source of light was then 
measul'ed, and by repeated intervention and withdrawal of a 
black screen between the lamp and mil'ror, compared with the 
spectrum of the flame above. I found the ratio of flame and 
image combined to the flame alone, to be 1'2075 : 1. Had both 
flame and lamp-chimney been perfectly tl'llnsparent, this ratio 
would have been 1'6509: 1. 'l'he effect of the lamp-cylinder 
being eliminated the remaining difference is naturally to be 
attributed to the absorptive capacity of the flame j and we find 
A = 0'6432. 

To determine the value of A for platinum at the temperatul'e 
in question, it only remained to compare the radiation of a 
glowing platinum wi"e with that of the flame. The wire hav­
ing been given a temrerature of 1650° (Pt. thermometer) for 
which the leucoscope*showed that the quality of the light 
emitted corresponded precisel.y with that from the petroleum­
flame, the intensity of its spectrum was measured and found 
as compared with that of the flame to be as 1'198: 1. 

The value of A for platinum at this temperature is accord· 
ingly, A = 0'7597. 

* For the method by which the platinum wire was made to glow, and for a. 
description of the leucoscope, see Paper I. 
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De la Provostaye and Desain* give as the reflecting power of cold 
platinum for lamp light (un polarized), 0'677, so that for this 
metal when cold, A = 0'323. 
The difference between these values is so large, that making all 
reasonable allowance for the inaccuracies of both researches it 
seems certain that platinum at 1650° has a much greater absorp­
tive power for the rays of the vistble spectrum than at ordinary 
temperatures. 

This experiment shows that platinum at least, of those sub­
stances affording metallic refIexion, offers no exception to the 
general law dedueed for other bodies, viz: that A and E are 
functions of the temperature. The nature of this function, and 
the dependence of A and E upon the wave-lengths of the rays 
in question must be made the subject of special and extended 
investigation. It is an unexplored domain. Almost the only 
researches which give substance for a probable surmise, are 
those of J acq ues already mentioned. The fact that the position 
in the spectrum of the maximum of thermal intensity is a func­
tion of the nature of the glowing substance and independent of 
its temperature, points to the conclusion that sotid bodies belong 
to the first three classes. 

The effect of temperature upon the spectra of gases has 
already, thanks to the interest lent to this subject by its impor­
tance in Spectrum Analysis, attracted much attention, and the 
existing researches admit of no doubt that in general the gases 
belong to the fourth class. 

The steps necessary to the application of the results of the 
first article to the proposed method of measuring high tempe­
ratures are now eVident. A general law for the changes of the 
quantity A must be experimentally determined, or failing in 
this, its values found for the various glowing bodies it is most 
desired to measure. It will then only remain to subject the 
results in Table IX (Paper I) to a further reduction so that they 
may be made to express the effect of temperature upon the rays 
from an ideal" black body" instead of those emitted by glowing 
platinum j and finally to obtain a satisfactory comparison of 
the platinum thermometer with the scale of the Centigrade air 
thermometer. Experiments to this end are in preparation by 
the author. 

Peekskill, New York, July 1, 18~9. 

* De la Provostaye et Desain, Comptes Rendus, xxxi, p. 512 j also, .Ann ales de 
Chimie et de Physique, III, xxx, 2~6. 
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