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ABSTRACT

The differences between ITS-90 and IPTS-68
above 1235K are described. It is shown that
none of the feollowing CIE definlicions orx
recommendations require revision because of
the {ntroducti{on of the ITS-90:
International Lighting Vocabulary
definitiana: CTE Standard Illuminants A,
Dgs, other illuminants; and sources for
realizing CIE Illuminants. The effect of
the ITS-90 on previously calibrated sources
for realizing CIE illuminants is negligibly
small.

Résumé

les différences entre 1TS-90 et IFTS-68 au
delé de 1235K sont décritea. Il ezt montré
qu'aucune des sulvantes définitions ou
recommendations de la CIE nécessite de
révision 4 cause de l'introduction du ITS-
90: Les définitions du Vecadbulaire
Internetionale de 1‘Eclairage, les
Illuninants Standards A, Dyy, et autres
flluminants; et les sources pour la
réalisation d’illuminants CIE. L'effat du
ITS-90 sur les sources précédement calibrées
pur réaliser les Illuminants CIE est
néligeablemenc faible.

Zusammenfassung

Nach einer Diskussion der Unterschiede
2zwischen der 175-9C und der IPTS-68 im .
Temperaturbereich ueber 1235 K wird gezeigt,
dass die Einfuehrung der ITS-%0 keine
Revision der folgenden CIE Definitiomen oder
Empfehlungen erforderlich macht:
Befinitionen des Internationalen Wérterbuchs
der Lichttechnik; Normlichtarten A, Dy, und
andere; und CIE Normlichtquellen. Der
Einfluss der ITS-80 auf bereits geeichte
Normlichtquellen ist vernachlassigbar klein.

1. The 1990 Gold-Point Change

The radiometric and photometric
neasurement scales of many national
laboratories are based on blackbody physics,
For example, the NIST calibration services
tn thermal radiomerry are based on
peasurement scales derived from blackbody
physics. A blackbody radiator at the
temperature of the freezing point of gold
and Planck’s radlation law are used to
establish the NIST radiance-temperature and
spectral-radiance scales by calibrating'a
variable-temperature blackbody against the
gold-point blackbody at 654.6. nm and
performing subsequent measurements of
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spectral-radiance rations to extrapolate
this calibratfon to extended temperature and
spectral renges. The gpectral-radiance
scsle ia then used to derive the NIST scale
of spectral irradiance by a radiance-to-
{rradiance transfer, and hence the NIST
scale of luminous f{ntensity, luminous flux,
and color temperature are derived by
spectral-irradisnce celibrations of
photometer lamps and computations of these
quantities according to the standard
procedures established by the Commission
Internstional de 1’Eclairage CIE). All-‘of
these steps have been documented in NIST
publications {l-4]. From 196B until June
30, 1990, the temperature of the primary
blackbody standard use in these scale
realizations was that assigned to the
freezing point of gold in cthe International
Practical Teoperature scala of 1968 (IPIS-
68) [5].

Teg(Au) = 1337.58 K. (63

In 1989, an absolute
spectroradiometric determination of the
temperature of freezing gold was performed
at NIST [6] by measuring the spectral
radiances of a gold blackbody at wavelengths
near 600 nm relative to those of a laser-
irtadisted integrating sphere which was
calibrared with absolute s{licon-photodiode
detectors and an electrically calibrated
radiometer. The result obrained.!

Tyrsy (Au)=(133.33 + 0.34) K, (2)

is 0.25 K swmaller chan the IPTS-68 value, 8q
(1) and provided an independent confiymation
of measuremente by others who had also found
a spaller gold-point temperature (see table
3). The NIST gold-point result, eq (2) is
{dentical to the value,

Too (Au) - 1337.33 kK, (3)

which 15 used as ome of the fixed points of
the new International Temperature Scale of
1990 (ITS-50) [7).

Effective July 1, 1990, the NIST gold
point, eq (2), is used instead of the PITS-
68 gold point, eq (1), for the abova-
menctioned scale realizations.

Tall uncertainties quoted in this paper are
three-standatd-deviation (30) estimates.
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which is used as one of the fixed points of
the new Internatlonal Temperature Scale of
1990 (ITS-90) [7]).

Effective July 1, 1990, the NIST gold
polnt, eq (2). is used instead of the PITIS-
68 gold point, eq (1), for the above-
mentioned scale realizations.

Following the adoption of the IT5-90,
all other national laboratories having
blackbody-based radiometric scales have also
implewented similar scale change. The
defining text of the 1TS-90 which
necessitated this change ia:

In the radiation temperature region
above the freezing point of silver, the ITS-
90 can be realizad by optical pyrometry and
the temperatuxe Ty, Is dufined by the
equation

Ly (Tp5)
Ly [Tgo (XD}

exP[Cz,on/ATgo(x)) -1
- y (&)
exp(cy go/ATgo) - 1

where Tg,(X) refers to any one of the silver
{Tgo (Ag) = 1234.53 K}, the gold (Typ(Au) =
1337.33 K), or the copper (Tyq(Cu) = 1357.77
K} freezing points, where L, (Ty;) and

L, (T (X)) -are the spectral concentrations
of the radiance of a blackbedy at the
wavelength (in vacuo) A at Tg, and &t

Tgo (X), respectively, and where c; g, =
0.014388 meK.

In the International Practical
Tempwrature Scale of 1968, Amendsd Edition

of 1975 (IPTS-68) {5] the temperature Tg;
was defined by a similar egquatiom: -.

Ly (Tqy)

Ly [Tes (AU} ]

exp[cz_ul/AT,.(Au)] -1 5
exp(cs,as/ATos) - 1

vhere Ty, (Au) = 1337.58 K and c; ¢4 =
0.014388 m-K.

From the above, the following relationships
between the ITS-%0 and the
IPTS-68 are noted:

(1) The value sesaigned to the second
radiaction constant, c¢;, has not been
changed,

€2.90 = €2 sa ~ 0.014388 m-K. 6)

{2) The ITS-90 gold-point assignment has
been lowered by 0.25 K,

Teo(Au) = Tyg(Au) - 0.25 K = 1337.33 K. (7)

(3) The I1TS-90 above the freezing point of
silver (1234.93K) i3 defined in terms of
three fixed points, the freezing points of
silver, gold (1317,33K), and copper
(1357.77K). This Introduces a redundancy of
the new scale, whareas all previous cecales
were unambiguously defined in terms of the
gold point alone. However, the text of the
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ITS-90 states that “the Ty, values of the
freezing poincs of silver, gold, and copper
are believed to be self comnsistent to such a
degree that the substitution of any one of
them in place of one of the other two as the
reference temperature Ty, (X) will mot result
in significant differences in the measured
values of Tg,."

The changes in radiometric and photometric
calibration values due to the 1568/19%0
gold-point change ars insignificantly emall
and have been published by the natfonal"
laboratories. For example, the calibration
values reported by NIST for spectral
radiance and {rradiance decreased by 0.8X at
250 nm, 0.4X at 500 nm, and 0.11 at 2000 nm.
Calibration values for luminous intensity
and luminous flux decreased by 0.35% and
there was no change In NIST calibrxatious of
coler temperature.

2. Effect on CIE Definicions and
Recommendations

The activities of the CIE which relate
to tewmperature and could conceivably be
affected by the adoption of the ITS-90 fall
in the domain of thermal radiation and its
applications in radiometry, photometry, and
colorimetry. The published CIE output in
these areas can be classified into two broad
areas: definitions and recommendations. In
what follows, it will be shewn that none of
these definitions and recommendations
Tequires revision because of the
introduction of the ITS-3%0,

2.1 CIE Definitions
2.1.1 Gemneral

The output of the CIE contains a large
nupber of definitfons of the fundamental
concepts, physical quantities, and technical
terms used in the areas of light and
lighting. These definitions have tradition-
ally been cellected in the International
Lighting Vocabulary, which is now available
in its fourth edition (8] as a joinc

" publication compiled by the CIE in

collaboration with the Internacional
Electrotechnical Commission (IEC). Insofar
as these definitions relate to thermal

radistion, they are given in rerms of
thermo-dynamic temperatures and are,
therefore, independent of the Internmational
Tempareture Scale and not affected by the
adoption of the ITS-90. Specific examples
include the definitions of color
temperature, correlated color temperature,
distribution tempersture, radiance
temperature, ratio temperature, and similar
quantities vhich are used to assign a single
temperature to the spectral powver
distributions of incandescent or fluores-
cent lamps, phases of natural daylight, and
other sources which are not too different
from blackbody sources.
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2.1.2 CIE Stendard Illuminants

The definitlons published by the CIE
comprise, as a special class, *standards” {(n
the form of uniquely defined data which form
the basis of internationally sccepted
standard systems. These {nclude *standard
{1luminants* for applications of colorimetry
requiring the use of spectral pover
distributions which are rapresentative of
typical lighting conditions [9,10]. These
{1luminants are spectral power distributions
which are not necessarily realizable by’
laborstory sources, and are provided by the
CIE in the form of numericsl tables. At tha
present time, there are two CIE standard {1-
luminants.

2.1.2.1 Standard Illuminant A

CIE Standard Illuminant A is representative
of domestic tungsten lighting and was
originelly defined as follows {ll].

*It is recommended that the following ...
luni{nous sources be adopted for the
general colorimetry of materlals:

"Souxce A. A gas-filled lamp of colex
temperarture 2848 K ...

"For calculations of the spectral energy
distribution the constant, cy, of Planck
13 taken equal to 14,350 micron degrees.

"Source A. The spectral energy
distribution of this source shall be
considered for all colorimetric
applications as that of a blackbody at
the temperature 2848 K.*

This definition was independent of the
International Temperature Scale of 1927,
which vas in effect at the time. After the
introduction of the-International
Temperature Scale of 1948, and once again
after the IPTS-68 was Introduced, the CIE
followed a policy of adopting the assigned
values_of ¢, but preserving the relative
spectral distribution of illuminant A. This
was achieved by shifting the color tempera-
ture assigned to it, rather than cemputing
- new spectral distributions for the original
color tewperature of 2848 K.. Accordingly,

the spectral values of CIE standard
illuminant A are to be considered
independent of the International Temperature
Scale and require no adjustments in view of
the adoption of the ITS-90. The coler
temperature assigned to standard illuminant
A 15 a desuvriptive patameter whiclh depeuds
on the value of c; assigned in the
Incternational Temperature Scale. Its value
is approximately 2856 K on the IPTS-68 and
remains the same on the ITS-90 because the
value of c, has not been changed.
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2.1.2.2 Standard Illuminant Dgsg

This standard {s repressntative of aversge
daylight and {s given in the form of
numerical values that have been derived by
Judd, MacAdam, and Wyszecki [12] from
experimental dats taken by others. The
tabulated spectral data of {lluminant Dy
are conslstent with the IPTS-68 value of c,,
and are also not affected by the
introduction of the IT$-90 because ¢, was
not chan;ed. Likewise, the correlated color
temperature of iiluminant D¢y, which is_
glven a2 6504 K on the IPT$-68, remains

unchanged.

2.1.3 Other GIE Illuminants

The ClE has also defined illuminants which
do not h&ve the status of primary CIE
standards but are useful for special
purposes [10]. TIlluminants B (now
obsolete) and ¢ represent direct sunlight
and averags daylight with correlated color
temperatures of approxi{mately 4874 K and
6800 K, respectively. Three illuminants,
Dsop » Dss, and D,y, have been defimed in
addition to standard illuminant Dgys to
ropresent daylight with approximate
correlated color temperatures of 5000, 5500,
and 7500 K.  additionally, illuminants F, .
through F;; have been defined to represent
typical fluorescent lamps. The published
reiacive spectral distributions of these
additional 1lluminancts {10} are consistent,
within their estimated accuracies, with
IPTS-68 temperatures and, therefore, with
ITS-90 temperatures as well.

2.2 CLE Recommendations

2.2.1 General

The CIE recomnmendations [10} concerning the
calculation of color temperature and related
qusntiries are dependent on the Interna-
tional Temperature Scsle, in that a
?umerical value of ¢, is usually specified
in these recommendation. However, the
change from IPT5-68 to ITS-90 cemperatures
does not affect any of these recommendations

because the value of c¢; remains the same in
the new scale,.

2.2.2 Recommended S
232 Reco ources for Producing CIE

The CIE has recommended specific sources
[9,%2] U:ich can be used for practical
realizatlions of the spectral dfstributi
defined by CIE {lluminants. uerens

For example, the CIE recommends that
Standard Illuminant A be realized by means
of s gas-filled tungsten-filament lamp known
ag "Source A* which i3 operated at g
correlated color temperature (2856 K on the
IPTS-68) equal to the color temperature
associated with Standard Illuminant a.
definition requires no change with the
introduction of rhe ITS-90 becausa the ecolor
tempe{ature assoclated with Standard
Illuminant A has not changed.

This
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At present, ne source is recommended for
realizing CIE Standard Tllumfnant Dgy.
However, the CIE has recommended a wmethod
{13] for assessing sources intended for this
purpose. The description of this method
does not rely on the International
Tewperature Scale and, thevefore, requires
no revision.

Illuminants B and C be zealized by combining
Source A wirh specially formulated liquid
filters {10]. The spacificarions of these
filters are Independent of the Internstional
Temperature scale and require no revision.

There are no GIE recommendacions for
realizing the D and F {lluminants mentioned
under 2.1.3.

2.3 Effects on Calibrated Sources

Although none of the CIE recommendations for
laboratory realizations of CIE Standard
Illuminants are affected by the adoption of
the ITS-90, it should be notcd thar sources
that have previously been calibrated in
accordance with cthese recommendations de not
exactly produce the standard spectral
distributions. Because the ITS-90 gold-
peoint assignment is closer to the ther-
modynamic temperature of this fixed point, a
source calibrated on the IPTS-68 and
operated at & given radlance temperature Ty,
will have the ITS$-90 kelvin temperature [141

Tos = Teas - 0.25 * (T,,/1337.33)2 (8)

and will therefore produce a skewed spectral
distribution. For example, a Source-A type
lamp having the required correlated color
temperature of 2856 K on the IPTS-68 will -
operste at the ITS-90 temperature 2855 K.
Its spectral distribution, normalized to
100.00 ac 560 nm, will be 0.071 lower than
that of Standard Illupinant A at 460 nm, and
0.05X higher at 660 na. These differ-ences
are small. compared to the state-of-the-art
calibraction uncartainciaes, oo thet no
adjustments or corrections will be neces-
sary in practice.
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