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The long-term accuracies of automatic radio-
metric pyrometers have been analyzed for the tempera-
ture range 1000°K to 3000°K and standards of good per-
formance are estimated to be 0.4%, 0.7%, and 1.1% of
the actual target temperature for automatic brightness,
radiation, and two-color pyrometers respectively. Sim-
ilar high standards for short-term accuracies, i.e.,
assuming negligible drift errors over the operating
period, are estimated to be 1/4%, 1/3%, and 1/2% re-
spectively. Long-term errors due to instability alone
are estimated to be 0.3%, 0.6%, and 1.0% respectively.
Scale errors and errors due to emittance uncertainties
and environmental factors are not included. Accuracy
below 1100°K will be somewhat poorer than this unless
a blackbody source and thermocouples are used for
calibration.

A means is described to at least roughly predict
which type of pyrometer will probably have the least
error due to uncertainties in the emittance of the object
surface. For different materials and classes of mater-
ials there are marginal or decisive advantages to using
a brightness or two-color pyrometer insofar as errors
due to emittance are concerned; the total radiation
technique is invariably subject to greater errors of this
kind.

The effect of environmental factors onthe accuracy
of radiometric temperature measurements is discussed
briefly. The two-color pyrometer may be less sensitive
in some cases to the influences of atmospheric contam-
inants or other obstructions in the radiatjon trans-
mission path. Its superiority in this respect cannot
generally be assumed, however, because of possible
reflection of ambient radiation by dust or smoke parti-
cles, changesinthe radiation spectrum due to dispersion,
absorption, or the formation of films, and because of
possible disturbances due to the dynamic nature of the
transmission media. A two-color pyrometer, operating
in the visible spectrum, is apt to be more affected by
ambient light than the other types, largely because such
radiation ordinarily has a very different color tempera-
ture than the target, butonly relatively small amounts of
ambient light energy are actually reflected for the tar-
get surface. There will usually notbe significant errors
due to ambient illumination at temperatures above about
1000°C.

INTRODUCTION

Optical and radiation pyrometers have been used
extensively over the past several decades. As a result
there is a great deal in the literature pertaining to
their theory, design, and application.' Themore recent
pyrometers suitable for continuous measurement and
control® have stimulated interst in the relative capabil-
ities and limitations of the different typesof pyrometers
now available. The prime purpose of this paper is to
review the more fundamental characteristicsof the three
major types of automatic radiometric pyrometers, to-
ward the end of helping to predict their relative useful-
ness for different applications. Itisanticipatedthat this
material can aid, but will not necessarily be conclusive
in the optimum choice of pyrometer because of the great
number of technical as well as economic factorsinvolved,
the lack of adequate spectral emissivity data for many

* materials, and particularly because of the anomalous

behaviour of target surfaces and transmission media
that is frequently encountered in practice.

Emphasis is on the temperature range from 1000°
to 3000°K. ‘The areasofmajor interestare (1) stability,
(2) errors dueto emittance uncertainty, (3) accuracy, and
(4) environmental factors.

STABILITY
The steady state output functions of the three com-
mercially available types of radiometric pyrometers

may be expressed to a good approximation as follows :

Brightness Pyrometer
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T is the absolute temperature of the target, and Trp is
that of a reference source in the instrument. ), is ‘“‘ef-
fective wavelength’’; for the purposes of this paper,
effective wavelength is adequately defined as the peak
wavelength of the narrow spectral passband to which the
instrument responds. K, , K, ~ are instrument para-
meters relating to optical transmittance of the target
energy and the reference energy paths, respectively.
K,, is the gain of the instrument’s amplifier or the
steady state transfer function of its servomechanism.
C. is a constant of Wien’s spectral radiation law, and
€. is the target emittance at A, and T.

Total Radiation Pyrometer
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Kt s Ky 5 Ky » and Ty correspond to the parameters
of the brightness pyrometer defined previously.€; isthe
total emittance of the target, and o is the Stefan-
Boltzmann radiation constant.

Two-~Color Pyrometer

> gr(T):(KuerrKar)\r_s) <y e /T
3

n=C,(1/X\-1/X,),\, and \, being the long and short ef-
fective wavelengths of the pyrometer, respectively. K,
is the ratio of photodetector spectral sensitivitiesat X,
and-\, .K,, istheratioof optical transmission through
the instrument at A\, and X, . A=0/), ,and € is
the ratio of target emittances at X, and ), .



The stability of these instruments will depend
largely on the stability of their parameters. The change
in their indicated temperature as a function of small
parameter changes may be obtained by differentiating
Egs. (1) to (3).

Ae —2({dKp dK dK
dT:_eT b _ 2b+ 3b
<K|b Kab Ksb

T2 dTrb 5T Xe\| dXe
p Al 72D dhe 40 ¢
Trb Trb < C2> Xe 9 (4)

dT=025 T<dK” —dK2++dK31>_T dTr‘I‘ deg C

KI'{ Kzf st Tr'f
)
T (0K . dKar | dKer
aT= <K.r K K3r>
1 1-(23B, Al dy
+T’I->\./)\2+nT< n > A
11 _2.3Bz> dis
T 1-)\2/>\,+nT<5 N )|, de9C
()

The X, error term inEq.(4)assumesthat K,, has
a spectral characteristic proportional to 35g®/ATrs  in
the vicinity of the nominal effective wavelength and that
d\e is due to driftinthe filter peak wavelength with time
and environmental temperature. Scale errors due to a
shift of A, as a function of target temperature will have
the same form under these conditions and roughly the
same magnitude; these may be considered negligible by
comparison since they can be largely eliminated during
calibration. Errors due to effective wavelength uncer-
tainty when measuring nonblackbody sources will be dig~
cussed in the section on Accuracy. In Eq. (6), B is the
slope of log R(\), whereR()\)is the spectral response of
the detector and has the following forminthe vicinity of
A, and X,

1

log R(N)=A+B/\ (7)

B, and B, can be changed, in effect, by the spectral
characteristics of K. and K,, . Agood design com-~
promise of this nature should result in a maximum
probable error due to filter drifts of less than about
8°C. in Eq. (5) it has been assumed that errors due to
small spectral response uncertainties will be neglibible
4n a very broad bandwidth radiation pyrometer.

Estimates of probable long term parameter uncer-
tainties involve a combination of experience, experi-
mental data, and engineering judgment. Thedriftterms
should be summed on a statistical basis in accordance
with their randomness and independence. Reasonable
standards for long term parameter stability are sum-
marized in Table I. It is assumed that the instruments
are designed, constructed, and applied in accordance
with the best engineering practices known at this time.
Some specific requirements are:

1. Effective measureshave beentaken to minimize
the influence of detector sensitivity, e.g., by the use of
very stable reference sources and scanning techniques,
unless the detector is inherently stable in the order of
0.5%.

2. Great care is exercised toprotect the optics of
the instrument from environmental and internal sources
of contamination.

3. The most stable optical components and materi-
als available are used. Narrow band and spectral com-
pensating filters are used in the manner required to
minimize spectral and other drift errors.

4. Electronics and electromechanical elements are
highly stabilized.

Figure 1 is a plot of the estimated probable long
term instability of automatic radiometric pyrometers
based on the data in Table I and assuming the following
nominal parameters: A,=650mu; )\, =650mu;2,=510my;
n=-6000; T.=1300°K The various instability errors
are summarized in Table II, showing the relative con-
tributions of each source of error. Certain design ap-
proaches, other than those assumed here, would result
in different errors due to effective wavelength uncer-
tainty, but such differences will not seriously affect the
end results.

Summarizing the stability characteristics of radio-~
metric pyrometers.

» It is evident that a realistic stability specifica~
tion for any wide range radiometric pyrometer should be
expressed as a function of the object temperature.

> The long term instability errors of high per-
formance brightness, total radiation, and two-color
pyrometers in the temperature range of 1000°K to
3000°K are estimated to be 0.3%, 0.6%, and 1.0% of the
actual target temperature, respectively. Above 3000°C,
stability becomes somewhat poorer than this.

ERRORSDUE TO EMITTANCE UNCERTAINTY

Equatjons (1) to (3) show that some value of target
emittance must be assumed in the calibration and use of
radiometric pyrometers. It is the general practice to
reference the calibration of these instruments to a
blackbody radiator, so that

€,=€,=€.=1 (&)
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Table I. Estimated parameter drift.

Parameter Drift Brightness Total Radiation Two-Color
Term Pyrometer Pyrometer Pyrometer
s 9K, dK;  dK, 1.5% 1.5% 1.5%
rms K, K, K,
0.1 .1
4T, % 0.1%
T (approx 1°C) (approx 1°C)
dx 0.2% - 0.2%/0.2%
A

(approx 1 mpy) (approx 1my.)




Errors in deriving the true temperature from a
radiometric measurement of a nonblackbody result from
uncertainties in the pertinent target emittance and the
spectral parameters which are involved in the trans-
formation. Uncertainties in target emittance are due
largely to its dependence on what are frequently anoma-~
lous or unpredictable factors such as the chemical and
physical condition of the target surface; thus, there are
uncertainties involved in the published emissivity data
as well as for each specific target surface. The sen-
sitivity of the different pyrometer types to small errors
in the target emittance is readily derived by differentiat-
ing Egs. (1) to (3).

dT=T2Ae 0% ©
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dT is the error in deg C resulting from an error, d € ,
in the assumed emittance of the target surface.

The magnitude of dT cannot be determined from
Egs. (9) to (11) unless there is somebasis for estimating
the target emittance error. It is reasonable to assume
that generally the temperature measurement error due
to emittance uncertainty will be in proportionto the dif-
ference between true and apparent temperature due to
the nominal surface emittance. On this basis it is pos-
sible to predict the probable relative magnitude of this
error between the different types of pyrometers, with a
minimum amount of emissivity or emittance data for a
particular material. Integrating Egs. (9) to (11) and
taking the appropriate ratios:

ATr_Co In&
AT, nhe In €, a2
T N
ATy " 1-TX./C,In €
AT, 1-¢,”* (13)

ATy, ATy, and AT, are the differencesbetween true and
apparent temperatures as measured with the brightness,
radiation, and two-color pyrometers, respectively.

AT /AT, may be derived from the other two ratios.

Equation (12) is plotted inFig. 2. Because Eq. (13)
has four variables it is more convenient to plot AT, and
AT separately, as in Fig. 3, and to compute AT, /AT,
from these data. Using such graphs and knowing the
nominal values of € , €, , and €, for a given material
and temperature range. it is possible to make at least

a rough prediction of relative emittance errors.
.

The ratios for a few common materials are located
in Figs. 2 and 4. It is shown that for a number of high
temperature metals such as Ta, Mo, Ti, and W the use
of a two-color pyrometer should result in the smallest
emittance errors. An experimental program wascar-
ried out at the Scovill Manufacturing Company to compare
the performance of different radiometric pyrometersin
measuring the temperature of induction heated brass
alloys. The data taken are summarized in Table III. °
A visually operated brightness pyrometer was used
initially; later work with an automatic brightness pyro-
meter gave essentially the same results. These results
showed the brightness pyrometer to be the best for this
application, for several important reasons, ® one of
these being that errors cue to the emittance of such
materials will generally be substantially smaller than
with the other types. In many cases it will be apparent
that the probable difference in errors due to emittance
will be small, and other considerations will be relatively
more important.

It is clear from these data that the broad band
radiation pyrometer is apt to have a significantly larger
error of this kind for most materials than the other
types, particularly at the lower temperatures. The de-
velopment of new infrared detectors hasmade a relative-
ly narrow band radiation pyrometer possible. Thistype
of instrument will function much like a brightness pyrom-
eter does in the visible spectrum and will generally have
less error due to emittance uncertainty than the total
radiation pyrometer.

It is interesting to determine the limitof Egs. (12)
and (13) as €, , € ,and €,—1 .

AT, /AT,— 2, /C, (as € 8 €,—1)
AT/AT, —4(\./C,)T (as €, & ¢ —>1)
AT /ATy —4T/n (as e & ey—>1)

These relationships show that the brightnesspyrometer
will probably have less than one-quarter the error of a
radiation pyrometer and about one-third the error of a
two-color pyrometer due to any uncertainty in the
emittance of a near blackbody radiator such as may be
used for calibrating these instruments.

There is another source of emittance error because
the relationship between apparent and true temperature
is a function of effective wavelengths or bandwidth. The
error due to small effective wavelength deviations in
brightness and two-color pyrometersmay be determined
by first integrating Eqgs. (9) and (11) over the limits of
true and apparent temperatures, blackbody and actual
emittance, and then differentiating the resultant equa-
tions with respect to effective wavelength.
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Table I. Estimated parameter drift.

Parameter Drift Brightness Total Radiation Two-Color
Term Pyrometer Pyrometer Pyrometer
z 4K, dK, , dK, 1.5% 1.5% 1.5%
rms Ki K, K

dT, 0.1% 0.1%
T (approx 1°C) (approx 1°C)

dx 0.2% - 0.2%/0.2%
A

(approx 1 mpu)

{approx 1my)




Errors in deriving the true temperature from a
radiometric measurement of a nonblackbody result from
uncertainties in the pertinent target emittance and the
spectral parameters which are involved in the trans-
formation. Uncertainties in target emittance are due
largely to its dependence on what are frequently anoma-
lous or unpredictable factors such as the chemical and
physical condition of the target surface; thus, there are
uncertainties involved in the published emissivity data
as well as for each specific target surface. The sen-
sitivity of the different pyrometer types to small errors
in the target emittanceis readily derived by differentiat-
ing Egs. (1) to (3).
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dT is the error in deg C resulting from an error,d € ,
in the assumed emittance of the target surface.

The magnitude of dT cannot be determined from
Egs. (9) to (11) unlessthereis somebasis for estimating
the target emittance error. It is reasonable to assume
that generally the temperature measurement error due
to emittance uncertainty will be in proportion to the dif-
ference between true and apparent temperature due to
the nominal surface emittance. On this basis it is pos-
sible to predict the probable relative magnitude of this
error between the different types of pyrometers, with a
minimum amount of emissivity or emittance data for a
particular material. Integrating Egs. (9) to (11) and
taking the appropriate ratios:
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ATy, ATy, and AT, are the differencesbetween true and
apparent temperatures as measured with the brightness,
radiation, and two-color pyrometers, respectively.
AT:/ATr may be derived from the other two ratios.

Equation (12) is plotted inFig. 2. Because Eq. (13)
has four variables it is more convenient to plot AT, and
ATr separately, as in Fig. 3, and to compute AT, /AT,
from these data. Using such graphs and knowing the
nominal values of € , €, , and €, for a given material
and temperature range, it is possible to make at least

a rough prediction of relative emittance errors.
A

The ratios for a few common materials are located
in Figs. 2 and 4. It is shown that for a number of high
temperature metals such as Ta, Mo, Ti, and W the use
of a two-color pyrometer should result in the smallest
emittance errors. An experimental program wascar-
ried out at the Scovill Manufacturing Company to compare
the performance of different radiometric pyrometersin
measuring the temperature of induction heated brass
alloys. The data taken are summarized in Table III. °
A visually operated brightness pyrometer was used
initially; later work with an automatic brightness pyro-
meter gave essentially the same results. These results
showed the brightness pyrometer to be the best for this
application, for several important reasons, ® one of
these being that errors due to the emittance of such
materials will generally be substantially smaller than
with the other types. In many cases it will be apparent
that the probable difference in errors due to emittance
will be small, and other considerations will be relatively
more important.

It is clear from these data that the broad band
radiation pyrometer is apt to have a significantly larger
error of this kind for most materials than the other
types, particularly at the lower temperatures. The de-
velopment of new infrared detectorshas made a relative-
ly narrow band radiation pyrometer possible. Thistype
of instrument will function much like a brightness pyrom-
eter does in the visible spectrum and will generally have
less error due to emittance uncertainty than the total
radiation pyrometer.

It is interesting to determine the limitof Eqs. (12)
and (13) as €, , €, and €,—1 .

AT /ATg—n)./C, (as €. 8 €,—1)
ATy/AT,—4(\/C,)T (as €, & € —>1)
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These relationships show that the brightnesspyrometer
will probably have less than one-quarter the error of a
radiation pyrometer and about one-third the error of a
two-color pyrometer due to any uncertainty in the
emittance of a near blackbody radiator such as may be
used for calibrating these instruments.

There is another source of emittance error because
the relationship between apparent and true temperature
is a function of effective wavelengths or bandwidth. The
error due to small effective wavelength deviations in
brightness and two-color pyrometersmay be determined
by first integrating Eqgs. (9) and (11) over the limits of
true and apparent temperatures, blackbody and actual
emittance, and then differentiating the resultant equa-
tions with respect to effective wavelength.
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T, and T. are theactualbrightness andratio tempera-
tures of the target. In Eq. (15) it is assumed that the
spectral emittance can be expressed, with reasonable
accuracy, as follows:

e (\)=D-EX (16)

Taking the ratios of Egs. (9) to (14) and (11) to (15), one
finds that errors due to emittance uncertainty will be
much greater than those due to effective wavelength
uncertainty for any set of conditions likely to occur in
practice. :

5

ACCURACY

The most important errors in these instruments
should be due to instability, and the limitations of the
calibration techniques. There are many other sources
of error, such as scale extrapolation and meter non-
linearity, but in a well designed instrument these should
have relatively little effect on over-all accuracy; signi-
ficant errors of this repeatable type may be reduced by
the use of calibration correction curves or hand-drawn
scales.

For the purpose of estimating accuracy, it will be
assumed that the target source is a blackbody because



of the unpredictable magnitude of emittance errors that
may be experienced in practice. For the same reason,
any errors due to the nature of the environment are not
considered. It is important to keep in mind, however,
that emittance and environmental problems are often
important and canbe decisive inthe choice of an optimum
instrument for a specific application.

Calibration errors result largely from errors in
the reference instrument, which usually will be a visually
operated optical pyrometer. Lovejoy has estimated the
accuracy of a good commercial optical pyrometer under
conditions that are apt to prevail in industrial laborato-
ries with reasonably good standards control.” This
estimate is shown in col. 2 of TableIV. Another source

of calibration error is the emittance of secondary
calibration sources such as tungsten strip lamps. When
other than a near perfect blackbody source is used for
calibration because of convenience or necessity, there
are bound to be increased calibration errors due to

#s0me uncertainty in the source emittance, unless the
calibrated and reference instruments are of the same
type and have the same spectral parameters. This error
should be relatively small for sources that would ordi-
narily be used for this purpose. (See Egs. (9) to (11),
Egs. (14) and(15), and col. 3,7, and 11 of Table IV.) The
low total emissivity of tungsten makes itunsuitable as a
source for accurate calibrationof radiation pyrometers;
it is assumed in Table IV thatanear blackbody radiator
is used for this instrument.
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Summarizing the accuracy of automatic radiomet-
ric pyrometers:

1. The estimated long term accuracies of high per-
formance brightness, total radiation, and two-color py-
rometers are 0.4%, 0.7%, and 1.1%,respectively, of the
true target temperature, from about 1000° to 3000°K.
The errors below 1100°K will be somewhat greater if a
blackbody source and thermocouples are not used for
calibration. Refer to Fig.5. Scaleerrors and those due
to target emittance and environmental factors are not
included.

2. The estimated short term accuracies, i.e., with
the same qualifications but assuming negligible drift
errors during the operating period after calibration, are
1/4%, 1/3%, and 1/2% of the actual target temperature,
respectively.

7

FIG. 4

EFFECTS OF ENVIRONMENT

The errors in radiometric pyrometry that have
been discussed up tonow could be quantitatively analyzed
and are predictable to some degree. The influence of
adverse environmental factors such as ambient radiation
and atmospheric dust, smoke, and vapors is so diverse
and unpredictable as to make generalization of this
source of error very difficult, All these effects are di-
rectly analogous to emittance uncertainties, but the un-
certainties involved may be of a much higher order.

Dust, smoke, and vapors in the transmission path
between source and instrument are a common and serious
source of difficulty. In some casesitcan be anticipated
that the two-color pyrometer will be the least affected.
Without previous experience it isnot safe to assume this
is the case or that errors will be negligible with any
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Table Il Estimated long term drift errors of near ideal automatic radiometric pyrometers.

Column
1 2 3 4 5 6 7 8 9 10 11 12
Brightness Pyrometer Total Radiation Pyrometer Two-Color Pyrometer
/ Error Error Error Error Exror Error Error
i due to due to due to due to due to due to due to
T T |ZAK/K 1 dTe/Tr | dhe/X, | S 3+4+5 || 5dK/K 1 dT /T | S 7+8 || TdK/K [dN/a+dh/n, | 3 10411
rms rms rms
°c | °k °c °c °c °c °c °c °c
727 | 1000 0.7 0.8 2.0 2.3 3.8 1.0 3.9 2.5 8.0 8.4
1227 | 1500 1.6 1.7 3.1 3.9 5.6 1.5 5.8 5.6 8.0 10.0
1727 | 2000 2.8 3.2 3.3 5.4 7.5 2.0 7.8 10.0 8.0 13.0
2227 { 2500 4.3 4.8 3.0 7.2 9.5 2.5 9.8 15.5 8.0 17.5
2727 | 3000 6.3 7.0 2.9 9.9 11.2 3.0) 11.6 22.4 8.0 24.4
3227 | 3500 8.2 9.4 2.3 12.7 13.1 3.5 13.5 30.2 8.0 31.3




Table Ili. Radiometric temperature measurements on a number of brass alloys.

a q €
Alloy Alloy TemperatureQ d d d AT} ATy € AT, f
No. Name Range ATr ATy ATy ATy | ATy | ATy
°c ("°c % | (9%
- AN

160 Cartridge

Brass 750~ 880 85/ 55 170/133 10 5.5 13.3 2.4
342 Trumpet

Brass 800- 900 31/ 17 175/113 8 2.0 14.0 6.7
363 Phosphorized

Admiralty

Brass 750~ 800 82/ 62 190/140 17 3.7 8.3 2.3
365 Arsenical

Admiralty

Brass 750~ 830 95/ 81 127/ 92 23 3.5 4.0 1.1
620 10% Cupro-

Nickel

Brass 760-1000 14/ 4 10 4 1.0 2.5 2.5
660 30% Cupro-~

Nickel

Brass 760- 940 15/ 10 10 5 3.0 2.0 0.7
745 Aluminum

Brass 760- 920 70-130 170/200 33 4.0 5.6 1.5

1918 (Experimental)
Aluminum
Brass 740- 860 70-130 170/200 30 4.3 6.2 1.5

2 Scovill Manufacturing Company, Waterbury, Connecticut.
b Measured with C/A and Pt/Rh thermocouples.

C Readings unstable between these limits.

d Top numbers are measurements immediately after billet reached control temperature.
Bottom numbers are steady state measurements after two to four minutes® heating at

control temperature.
€ Steady state measurements only.
f Using steady state data only.

g Questionable because of importance of small errors.

All measurements taken with samples in open atmosphere.

instrument. Dust, vapor, or smoke particles in long
transmission paths can affect the chroma of radiation by
selective absorption or dispersion; furthermore, such
particles may reflect background radiation into the optics
of a two-color pyrometer, compromising its initial
advantages.

Ambient illumination reflected by the target sur-
face or by smoke or dust particles will generally cause
the largest errors in a two-color pyrometer operating in
the visible spectrum. The reason for this is that most
sources of ambient light, e.g., sunlight, fluorescent and
incandescent lamps, and some gas flames, have a high
color temperature; the two-color pyrometer is sensitive
to the chroma rather than the absolute magnitude of
radiation. A number of caseshavebeenobserved where
ambient light has caused more than an order of magni~
tude greater error in a visible spectrum two-color
pyrometer than in either a brightness or radiation
pyrometer. At object temperatures above about 1000°C

Q

it is not likely that the usual levels of ambient illumina-
tion reflected from the target will cause significant
errors in any radiometric pyrometer. A related
phenomenon to which the two-color pyrometer isparticu-
larly sensitive is that of irrelevant target radiation due
to the presence of impurities or alloy constituents that
will emit radiation with characteristic color or line
spectra.

The radiation pyrometer is apt to have greater
errors as a resultof adverse transmissionpath environ-
ments than the other types, particularly when infrared
absorbing vapors are present. Under most conditions
it will be less sensitive to ambient radiation than the
two-color pyrometer.

The dynamic characteristic of the environment
may constitute a serious source of noise, makinghigher
speed measurements virtually impossible. The two-
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Table IV. Estimated long term accuracy of near ideal automatic radiometric pyrometers.

Column 1 2 3 4 5 6 7 8 9 10 11 12
Brightness Pyrometer ‘Total Radiation Pyrometer Two-Color Pyrometer
Calibration
Instability Error Emittance 5 Errors
T T Error (Ref. Pyrom.)® Error® |rms
a d a b

c K A) (B) ) (D) (A) (B) ©) (D) (A) (B) (€) (D)
727 1000 2.3 8.0 0.2 8.6 3.8 8.0 | 2.5 9.8 8.4 8.0 1.3 1 12.0
1227 | 1500 3.9 2.0 0.5 4.4 5.8 2.0 3.6 8.7 10.0 2.0 2.8 10.5
1727 | 2000 5.4 2.0 0.7 6.1 7.8 2.0 5.0 11.5 13.0 2.0 5.0 14.0
2227 | 2500 7.2 4.0 0.9 8.6 9.8 | 4.0/ 6.3°| 14.8%| 17.5 | 4.0 7.8 | 21.0
2727 | 3000 9.9 7.0 1.1 12.5 11.6 7.0 7.5e 18.4e 24,4 7.0 11.0 | 28.0
3227°| 3500 | 12.7 11.0 1.5 17.1 13.5 | 11.0 | 8.8°| 22.8°|| s81.3 | 11.0 | 15.3 | a7.5

aAssuming use of good commercial visual brightness pyrometer as standard instrument.
Assuming 9.01 emittance units error in emittance of tungsten caiibration source.

cAssuming 3 mu difference in effective wavelength between test and reference pyrometers; tungsten lamp source,
Assuming 1% emittance error in blackbody calibrating source.

€Probably higher due to additional calibraftion source error,

color pyrometer would appear to be immune if the
interference in energy transmissionis “‘grey’’ innature.
Two-~color pyrometers designed with electronic feedback
computers, however, can be kept ina continuous state of
attempting to accommodate to a dynamically changing
environment; under these conditions their usefulness
may be seriously compromised unless they are heavily

damped.

It is evident that there are a large number of
variables that can possible be involved in the process
environment, and considerable diversity in the form that
they may take, Unless appropriate measures are taken
in some cases, no radiometric pyrometer will perform
satisfactorily. Choice of the optimum pyrometer under
a given set of environmental conditions must often be
based on previous experience or thorough field testing.
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