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CALIBRATION OF AN INFRARED PYROlvJETER 

. * G. A. McCoy, R. A. Olstad and D. R. Olander 

Inorganic Materials Research Division, Lawrence Radiation Laboratory, 
Department of Nuclear Engineering, College of Engineering, 

University of California, Berkeley, California 

ABSTRACT 

The purpose of this work was to investigate the behavior of an InSb 

infrared pyrometer and obtain a calibration curve in the temperature 

range 200°C to 2200 oC. The detector responds to radiation in the 2 - 6]J 

range. 

At temperatures below IOOOoC the calibration was carried out using a 

commercial black body source. For calibration above IOOOoC, two graphite 

black bOdy configurations were used, and calibration cOnsisted of matching 

the infrared pyrometer signal with the corresponding temperature measured 

by an optical pyrometer. 

All calibrations are for a black body hole 0.156 inches diameter with 

room temperature surroUndings, at a pyrometer-to-source distance of 24 

inches. A correction factor was derived for black body holes of various 

sizes with surroundings hot enough to contribute to the detector signal. 

A response time of less than IO]J sec was measured. The repeatability 

varied from ±2°C at low temperatures to ±8°c at 2000 oC. The uncertainty 

is largely due to· the operator's skill in aligning the instrument. An 

error at higher temperatures is due to the uncertainty in the optical 

pyrometer measurements. 

A comparison between the theoretically predicted signal &Id 

measured signal was made. Agreement was within 5°C at low temperatures. 

* In partial fulfillment for M. S. Degree, U. C. at Berkeley, Sept. 1970. 
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I. METHODS OF TEMPERATURE MEASUREMENT 

An accurate knowledge of the temperature at which a particular 

phenomenon occurs is necessary in many experiments. In light of this'~ 

several methods of making high temperature measurements have been 

developed, some of which have advantages in particular situations. 

A. Electrical Devices 

The thermocouple is a popular temperature measuring device consisting 

of two dissimilar wires.· joined together to form a loop. If the junctions 

are held at different temperatures, an emf will be generated. Thermo-

couples are simple, relatively inexpensive, can measure wide temperature 

ranges and can be readily .connected to many types of indicating or 

controlling devices. Disadvantages are aging, an upper temperature 

limited by existing thermocouple materials and a large mass which causes 

response-speed problems. Since electrical connections must be made to 

the thermocouples, they are not suited for applications involving moving 

objects. In 'additioD.;:the temperature:'of the junction may vary from 

the temperature being measured, especially in surface-temperature 

. t 1 measuremen s. 

The thermistor, or thermally sensitive resistor, generally has a 

temperature span in the neighborhood of 200°C, and has its greatest use 

below 300°C. High sensitivity (Le. large resistance changes per degree 

of temperature) can be combined with very small thermistor beads to 

give low heat capacity and fast response. Thermistors avoid reference 

junction compensation difficulties, polarity checks., and lead-length 

1 compensations. 
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B.Qptical Devices 

Optical devices are those in which the measurement depends upon the 

radiant energy emitted by the hot source.· The radiant energy emitted by 

a black body is given by Planck's Law 

(1) 

where J bA is the amount of energy .radiated at wavelength A per unit area 

and per unit time, and T is the absolute temperature of the radiator. 

Cl and C2 are the first and second radiation constants. 

In the visible range, for temperatures less than 3000oK, Wien's 

approximation may be used 

(2 ) 

Most real surfaces are not perfect emitters; the emission from a 

non-black surface may be expressed in terms of black-body emission by 

Th,.e spectral emissivity e: A is a function of wavelength and 

temperature. Emissi vi ty is generally thought of as being a bulk or 

material property, a property of an ideal body. In practice, surfaces 

are not optically flat, and in addition may contain some film or oxide. 

The term "emittance" is used to des cribe this non-ideal state. Emittance 

is not a constant characteristic of the material. It refers to the 

material surface at the time of observation and under specific 

environmental conditions. 

, 
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A brightness or optical pyrometer measures the temperature by 

comparing the apparent brightness or flux of radiant energy of a hot 

object with' the known brightness of a calibrated ·filament. One of the 

major d;isadvantages of an optical pyrometer is that the emittance of 

the target 9bj ect must be known. Another is the reqUirement of a human 

operator. 

A ratio br two-color pyrometer makes two brightness temperature 

measurements using two ~avebands of energy. Since the emittance of most 

surfaces varies slowly with wave~ength, the ratio of the two 

measurements is relatively unaffected by the emittance of the object. 

(4) 

If the emissivities at the two wavelengths are equal, the ratio R 

depends entirely on T, the desired temperature. A typical ratio 

pyromet.er uses one photomultiplier to detect the intensity at two wave-

lengths. A filter rotates in front of the photomultiplier, alternately 

admit~ing red and blue light. 

The ratio pyrometer concept minimizes the problem of emittance and 

eliminates this problem entirely for gr~ bodies. Electronic sensing 

also eliminates the requirement of an operator. However, both optical 

and ratiopyrometers have a limited response time. In addition, neither 

can be used below approximately 750°C, since the intensity in the 

visible re~ion is not sufficient for comparison below that temperature. 
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C.lrtfrared Pyrometers 

In some applications, none of the above temperature measuring 

devices are adequate. One such instance is the measurement of the 

surface temperature of a rapidly rotating disk. The thermocouple or 

thermistor cannot be attached to the disk because of its motion. The 

optical pyrometer cannot be USed below 750°C. 

A second instance involves the rapid heating of solid surfaces by 

a laser pulse. Since the l.aser pulse and result.ant temperature transient 

are in .the millisecond range, a detector with a fast response time 

is required. 

Aserr~conductor infrared pyrometer, with its fast response time 

(microsecond time constant as compared to one hundredth of a second for 

a thermocouple), wide temperature range, and ability to determine surface 

temperatures directly is idea.l for these applications. 

• 
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II.' 'PHOtODIODE 'CHARACTERIBTICS , 

A. General Description 

Semiconductor detectors generalJjwork in two modes - photo­

conductive andphotovoltaic. 2 In a photovoltaic detector, an electric 

field is built into the detector by w~ of a p-n junction. Photons 

incident on the junction create hole-electron pairs which are separated 
, 

by the action of the field before they can recombine, thus establishing 

* a current source. 

For a photovoltaic indium antimonide photodiode used in the 

detector described heire'.; photons with energy greater than the band gap 

will create electron-hole pairs. The holes,if created within the 

diffusion length to the junction, flow to and fall down the potential 

hill to the :E.. side. The electrons remain in the!!. region and eventually 

recombine, the net effect being a current flow across the junction. 3 

The InSb photodiode is prepared by the reaction of purified 

stoichiometric proportions of indium and antimony. The compound is 

grown irito single crystals, and elements of the desired dimensions are 

then cut from the crystal. The sensitive p-n junction is formed by 

2 
diffusing p-type impurities ,onto the surface of the n-type InSb crystal. 

The photodiode used here is the Philco-Ford Corp. model L4540. 4 
The 

diode is mounted in a small vacuum dewar to permit cooling to liquid 

nitrogen temperature. 

* An external battery maintains a current in a photdCQ~ducti ve detector. 
In this mode no p-n junction is needed, just a semiconductor. Incident 
photons free additional change carriers from atoms of the crystal when 
valence electrons are raised to the conduction band. 
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* When examining a detectivity versus wavelength plot for indium 

antimonide (Fig. 1), it is found that the maximum response lies between 

two and six microns. According to Wileh 1 s displacement law, 

the maximum 'of the Planck distributioIl falls within the 

photodiode spectral range in the temperature interval between 500 and 

15000 IC The InSb photGdiode can be used for temperatures above 200°C. 

* The detectivity is defined as the signal to noise ratio per watt of 
incident power. 
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Detectivity of InSb diode at 77°K as a function of wavelength~ 
Curve taken from Philco-Ford Product Sheet EO-112. 
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B. Detector Response 

Typically, the detector is connected in a circuit such as that 

shown in Fig. 2. The output voltage signal depends upon the I-V 

characteristics of the diode and upon the external circuit. The diode 

I-V characteristic is gi venby5 

+ V /Rd" d 
' ,10 e 

(6) 

, " 

where I is the current through the circuit, V is the voltage across the 

diode and I is the current source due to the incident radiation from sc 

the hot target. I is the reverse saturation current and Rdi' d is the s ' 0 e 

diode resistance. Both are peculiar to the particular diode. Td is the 

temperature of the detector (usually 77°K). The electronic charge is 

denoted by e and k is the Boltzmann constant. 

'l'he load line of the external cir,cui t is determined by: 

v = .;..IR + V 
o 

The operating point is the intersection of the I-V curve with the 

load line. Typical situations are shown in Fig. 3. In the present 

experiments, no bias voltage was employed (V
o 

= 0) and load resistors of 

lk, 10k, and lOOk were used. 

The I-V characteristic curve of the present detector with 300 0 K 

background radiation impinging on the diode is shown in Fig. 4. From 

this plot and Eq. (6), the diode parameters were found to be: 'I" 

Rdiode = 20 H 

Is = 6 x 10-
14 

amps 

Td was 71°K in these tests. 

The current induced by the incident radiation from the hot target 
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Fig. 3. Typical detector I-V characteristics and load lines. 
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is obtained as follows. Assume that the lens system of the pyrometer 

views 8. spot of area A on a hot surface at temperatut'e T. The pyrometer 

collecte radiation over a solid angle 6.rJ from. the hot target. IfE" is 

the spectral emissivity of the target and UA is the number of electron­

hole pairs generated by a unit of energy input of photons of wave 

length )., the induced currept is: 

" • (Amax 

Isc = eJ
A 

E A T"UAJbA (T) 

min 

( 8) 

e is the e!lectrottfc ,cb:8tge :a.rid TA is:;,trhe~,ti':a.ns~!!Jsbdty of the elements of the 

optical sy,tem. A, Hi the longest waVlele,pgt, h to which the dio,de responds max, 

shortest wavelength to which the diode responds. Choice of A. is somewhat 
m~n 

arbitrary, since the detector material sij;mply become's more transparent 

as the wavelength decreases,. Both Amav and A. could have been considered 
QoA nun 

as part of the efficiency function UA, which has the general Shape of 

the detectivity curve of Fig. 1. An approximate expression for U" taken 

from the curve of Fig. 1 is: 

Using Fig. 1 as a guide, 

-a/A constant x e 

... 5. 2'J.1, A i - 2'J.1, and a - . 3'J.1. ' mn 

The present system was utilized with operating points essentially 

on the flat portion of the I-V curves, which implies that the last two 

terms on the right of Eq. (6) were negligible. Consequently, 1--1 , 
se 

and with no bias voltage (Vo =0); tbe output voltage is: 

V = I R sc (10) 

According to Eq. (10), the output signal should increase rapidly with 

'. 

• 
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* source temperature. This behavior was indeed observed up to the point 

at which the voltage was large enough to cause the last two terms of 

Eq. (6) to become significant. This occurrence places the operating 

points on the steeply rising portion of the I-V curves of Fig. 3 and 

saturation occurs (i.e., no further increase in signal as the source 

temperature is increased). At this point it is necessary to switch to 

a smaller. load resistor to get back on the flat portions of the I-V 

curves,"where Eq. (10) is valid and sensitivity to temperature is high. 

Typical examples of the output-temperature response of·the detector are 

shown in Fig. 5. Satura.tion for R = 200 k, 100 k', and 50 k is evident. 

The data represented by these curves are for illustrative purposes only; 

they are not of calibrati,on quality . 

* If E: A, T A, and U
A 

were all constant, the signal would rise as T4 
Detailed consideration of the detector response with temperature is 
presented in Sec. V. 
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III. THE INFRARED PY~oMETER 

A. . Des c.tipt i on. 

A schematic of the pyrometer is shown in Fig. 6. The radiation from 

the hot target entering from the upper left of the picture is collected 

by a Cassegrain lens system. The optical characteristics of this lens 

are discussed in detail in Appendix A. The radiation impinging on the 

large concave mirror is reflected to a smaller, centrally placed convex 

mirror which renders the radiation parallel. The beam is turned at 

right angles by a mirror and strikes a dichroic mirror at 45°. This 

component acts as a beam splitter. It is made of Kodak IRTRAN-2, which 

transmits most of the radiation in the 2 - 6~ range of the InSb diode 

(see Fig. 7 for transmittance curve for IRTRAN-2). Sufficient visible 

light is reflected from the surface of the beam splitter to the eyepiece 

for visual focusing on the hat target. At temperatures below 100aoC, 

.however, artificial illumination of the target is necessary to view the 

surface thvough the eyepiece. A slight position adjustment of the 

pyrometer is required to produce the optimum infra~red signal when the 

unit is aligned visually, since the two alignments do not exactly 

coincide. 

The infra-red radiation transmitted by the beam splitter is 

2 mechanice,lly chopped at 60 Hz before being focused by a lens on the 4 mm 

sensitive area of the InSb detector. The purpose of the modulation of 

the radiation is to proVide signal information in AC form while the 
, 

unmodulated background radiation which may leak into the diode area 

and electrical noise in the detector and electronics is DC. The electrical 

output of the detector is processed by the circuit of Fig. 2. The AC 
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Fig. 6. Infrared pyrometer optical system • 

. , 



-17-

UCRL-19665 

1.6 10 
)., mi crons 

XBL 709-6492 

Fig. 7. 'I'ransmissi vi ty of IRTRAN-2. 
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(signal) component of the total output volta,ge is measur.ed by a' digital 

voltmeter, which produces a; signal outp~t (denoted by, S) .proportional to the 

ampli tude of the AC component of the input (V of Eq. (10). Typical output 

signal levels are shown in Fig. 5 as a function of target temperature. 

B. Effect of Source-to-Pyrometer Distance 

The variation of signal with source-to-pyrometer distance is not 

the same for an infrared radiometer as for an optical pyrometer. 

The temperature measured with an optical pyrometer is not dependent 

on distance from the source since' the image formed varies in size so as 
. '. 2' 

to just compensate for the lit attenuation of source flux (t = source-

to-pyrometer distance). Therefore, the energy per unit area per second 

passing through the plane of' the filament is independent of position. 

This does not hold for the ·infrared pyrometer since the signal is 

proportl0nal to the total number of photons impinging on the detector 

area. Fig~ 8 shows the,e:ffect o:f :focal distance on the signal for a 

fixed target temperature. The infrared pyrometer was calibrated for a 

fixed distance of 24 incheS. 

C. SpotSiz.e 

The area of the radiation source surface viewed by the pyrometer is 

determined by two parameters: 

1. The distance bet\f.een the mirrors in the Cassegrain optical 

system (see Appendix A). 

2. The distance from the detector to the converging lens just 

prior to the detector (Fig. 6). 

Figure 9 shows that the smallest spot size is obtained when the detector 

is placed close to the. lens. In:the'present system, the detector was located 

.' 
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at the focal poin-tin order..:to obtain the largest possible signaL 

With the detector responding to all radiatioIl collected, the spot 

diameter at the source was calculated to be 0.11 inches (Appendix A). 

This result was verified qualitatively by sweeping the pyrometer over a 

small, (0.025 in. diem. ) black-body hole.. The vertical and horizontal 

sweeps gave widths on the order of 0;04 in •. and 0.06 ~n. respectively 

(the total widths of .. the curves in Figs. 10 and 11 less the hole diameter) 

The area of the hot target viewed by the pyrometer is this somewhat 

elliptical in shape. 

D. Correction for Hole Size and Temperature' of Surroundings' 

In many applications, the pyrometer m8lf be set to view a hole 

smaller than the one required for maximum pyrometer signaL The measured 

signal may therefore contain a contribution from the surroundings of a 

hot hole (which ID.a\Y be at a different temperature or have a different 

emissivity) in addition to the signal from the hot hole proper. This 

effect is demonstrated by focusing the pyrometer on black body poles of 

successively larger diameter. ,The plot of Fig. 12 shows the results of 

this test'. The maximum signal was obtained with the largest hole 

available on the commercial black body source (3/8 in. diam.). This 

reading appears to be close to the signal which would have been obtained 

from an infinitely large surface (or hole), and is denoted by Soo' It 

was noted that the signals from smailer holes, denoted by S, were 

related to the maximum signal by the relation: 

s 
s = 

00 

1 
l+t;; 

where the correction factor ~ depends upon the diameter of the black 
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body hole, but not upon the temperature. The data of Fig. 12 can be 

correlated by the correction factors shown in the following table: 

hole diameter, 
inches b. 

0.100 0.133 

0.156 0.065 

0.200 0.045 

0.375 0.000 (by defirii tion) 

All final calibrations were made with the 0.156 in. diam. hole on 

the black body sources (both above and below 10000C). 

The correction fac·tor b. was obtained for the black body holes of 

the commercial black body source. The holes of this source are surrounded 

by a surface essentially at room temperature, which contributes nothing 

to the signal. If, however, the black body hole is surrounded by a 

surface at a temperature which is appreciably greater than room tempera-

ture, an additional correction for this contribution to the total 

signal must be made. To make this correction, two measurements must be 

made. First the pyrometer is centered on the hole, and records a 

signal denoted by 81 , Then the pyrometer is focused on the area 

surrounding the hole (far enough away from the hole so that radiation 

from the hole is not received). This signal is denoted by 82 , If the 

surroundings are at room temperature or'below, this signal is essentially 

zero. 

Consider the signal 81 , It can be regarded as the sum of the 

signal due to a hole with room temperature surroundings, 8h , plus a 

.'"' 
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signal due to the warm surroundings, S :. s 

(12) 

Now consider the signal due to the surroundings, S. This can be s 

viewed as the difference between the signals that would be measured if: 

(i) the pyrometer viewed a large expanse of surface at the same 

temperature as the surroundings and (ii) the pyrometer viewed a disk of 

the surface of diameter' equal to that of the black body hole but with 

the temperature and emissivity of the surroundings. The signal due to 

the large surface area ( (i) above) is what is actually measured and is 

therefore equal to S2' The signal due to the circular element is 

related to the signal from the large expanse of surface by Eq. (11). 

Th~, Ss may be written as: 

(13) 

Inserting Eq. (13)intoEq. (12), Sh is found to be: 

(14) 

Thus, the two measurements Sl and S2 plus the hole size correction 

factor can be combined to determine what the signal would have been 

had the surroundings of the hole been at room temperature. The signal 

Sh can now be corrected by Eq. (11) to account for the difference in 

the diameter of the hole tinder consideration and the hole size for 

which the calibration curve was prepared (by multiplying by the factor 

(l+~)/(l+~ ), where ~ is the correction factor for the calibration c c 
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hole and ~ is the correction factor for the measurement hole). 

The procedure outlined above was needed to make the calibrations 

above 10000C obtained with-the graphite black bodies consistent with the 

calibration curve obtained below 10000C with the commercial black body 

source. It is also necessary when measuring the temperature of black 

body holes wi thwarm surroundings. Even if the surroundings are at 

the same temperature as the hole, they will appear cooler because the 

surface emissivity is less than the effective emissivity of the bottom 

of a hole. 

E. Determination of Emissivity 

If the surface and the hole are at the same temperature, and the 

hole has a length-to-diameter ratio sufficiently large to be considered 

a black body (or ifi t is in fact a cavity), the on-hole and off-hole 

measurements described in the preceding section can be utilized to 

determine the emissivity of the material. To accomplish this end, it 

must also be assumed that the spectral emissivity is independent of 

wave length over the 2 _ 6~ bandpass of the detector (i.e., the body 

is gray over this range). If this is so, e: may be removed from the 

integral of Eq. (8). The integral then represents the current generated 

by a black body shining on the detector. The voltage across the detector 

(v of Eq. (10)) and hence the signal S, is simply proportional to the 

emissi vi ty. 

To determine the emissivity, assume the measurement Sl and S2 have 

been made and Sh computed by Eq. (14). S2 represents the signal from a 

large surface at the same temperature as the black body hole but of 

emissivity e:instead of unity. Sh represents the signal from a black 
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body hole, which when multipli'ed by 1 + ll, represents the signal which 

should have been observed if the hole were infinite in extent . The 

emissivity is simply the ratio 'of the signal from the infinite surface 

to that from the infinite black body hole: 

If the hole is large (ll-+(»), e: = 82/81' 

F. Temper.ature Measurement of a Plane 8urface 

If the pyrometer is sighted on a large plane surface, the emissivity 

must be known if the temperature is to be obtained. If 82 is the signal 

from the plane surface, S/ e: is the signal which would have been 

measured had the surface been black. If the calibration~f the pyrometer 

was performed on black body holes with cold surroundings and the hole 

size correction factor was 6. , 82/ ~ (1+6 )] is the signal which would , c c 

have been observed from a black body hole of the correct diameter and at 

the temperature of the plane surface undereonsideration. This quantity 

is used in conjunction with the calibration curves to determine the 

temperature of the surface. 



IV. . CALIBRATION 
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Below 10000C the pyrometer was calibrated with an Infrared Industries 

model 404 b~ack body. The black body source was itself calibrated with 

a calibrated thermocouple. The cavity emissivity was specified as 

99% ±,l% and the control accuracy as ± 1°C. The calibration is shown in 

Fig. 13. 

B. Above 10000C 

The two black body configurations shown in Fig. 14 ..;. a cylindrical 

cavity and a cylindrical hole - were used for calibration above 1000oC. 

Both were constructed of graphite. 

The graphite was heated in an induction heater. An argon flow was 

supplied to prevent oxidation. The graphite black body was then 

simultaneously viewed by the infrared pyrometer and an optical pyrometer 

as shown in Fig. 15. The high temperature calibration consisted.,of·, 

matching the corrected voltage output from the infrared pyrometer with 

the corresponding temperature measured by the optical pyrometer. 

1. Emissivity of Hole 

Because of the small solid angle subtended by the ?ptical system, 

both the infrared and optical pyrometers view only the bottom of the 

hole. 
. 6 

Sparrow, Albers and Eckert have calculated the effective 

emissivity of the bottom of cylindrical holes with gray, diffusely 

emitting surfaces. For a hole of length to diameter ratio of 4 in a 

material of emissivity 0.5, the effective emissivity of the bottom of 

the hole is 0.988.
6 

Since the emissivity of graphite 1 

is greater than 0.5 between 0.65~ and 6~, (the range at which both the 
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optical and infrared pyrometers are sensitive), a ·cylindrical hole in 

graphite is an excellent approximation to a b~ack body. 

2. Emissivity of Cavity 

Quinn8 has calculated the emissivity of cylindrical cavities closed 

at one end and having an opening on the other end equal to or smaller 

than the radius of the cylinder. 

For the cavity shown in Fig. 14 with surfaces of emissivity of 0.5, 

a minimum value of 0.987 was calculated for the emissivity of the 

bottom of the cavity (which is viewed by the pyrometer). 

3. Non-Blackness Correction 

For the optical pyrometer, the relationship between the brightness 

temperature (T ) and the true temperature (T)is app . 

l...- _ 1 = _(L) In E 
T T C .. 

app ·2 
(16) 

Where A = 0.6511 and C
2

, Planck's second radiation constant, equals 

1.438 cm/oK. An emissivity of 0~988 will yield a correction to 

the brightness temperature of 0.6°K at 1000oK, and 2.4°K at 2000oK. A 

correction of this magnitude is insignificant since it lies within the 

range of accuracy of the optical pyrometer. 

For the infrared pyrometer, operating under conditions that Eq. (10) 

is valid, the measured signal should be increased by -1.2% to account 

for an effective emissivity of 0.988 (assuming the body is gray). This 

small correction has been neglected in the calibrations. 
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C. Calibration· Condttions 

The calibration curves obtained with the black-body sources are 

shown in Appendix B. These cUrves were obtained with black body holes 

of 0.156 in. diam. With the commercial source, the surface adjac·ent to 

the hole was at room temperature. Two readings were made on the graphite 

black-body sources; one on the hole and one on the surface adjacent to 

the hole. These two results and Eq. (14) wer~ used to correct the 

measurement to what would have been obtained if the surroundings of the 

hole had been cool. In this manner the calibration from the commercial 

black body and the graphite black bodies were both placed on the same 

basis. When the calibration curves are used to determine temperatures 

from measurements of pyrometer output, care must be taken to correct for: 

1. Emissivity of the material 

2.. 8i ze· of hole (if different from 0.156 in. diameter) 

3. Temperature of the surface adjacent to the hole 

The calibrations are valid only for 24 in. between source and pyrometer. 

At other distances, the curve of Fig. 8 maybe used to correct readings to 

24 in., but· with loss of accuracy. 

To avoid the saturation problem shown in Fig. 5, the system was cali-

brated for three load resistors: lOOk up to 500°C; 10k from 500°C to l200 0 C 

and lk for higher temperatures. The actual load resistance in thecircui t 

of Fig. 2 is less than these values because of the oscilloscope and digital 

v~ltmeter,whose 1M imput resistances were in parallel with R. Thus, the 

calibration curves refer to load resistances given by: 
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V. THEORETICAL OUTPUT VS ~ TEMPERATURE 

It is of interest to ascertain whether the calibration curves of 

Appendix B show the expected variation of signal strength with source 

temperature. The connection between these two quantities was developed 

in Sec. II-B. 

If the infrared pyrometer is operated in the range where Eq. (10) is 

valid, the output signal is proportional to the integral of Eq. (8). 

Using Eq. (9) for the detector response function and approximating the 

black body spectrum by Eq. (2), Eq. (8) mB\Y be integrated analytically 

to yield: 

A max 
4 exp~~) [a +30.

2 
+60.

3 
+60.

4 J ~ max max max max max 
S = K 

K ( l)~ ·2 3 4 ] exp· a . +30. . +60. . +60. . a . nun nun nun nun - --4 
A • m1.n m1.n 

where a 
max a . nun 

A • m1.n 

Figs. 16 and 17 present a comparison between Eq. (17) and the measurements 

in both the high and low temperature regions. The constant of proportion-

ality K was determined by matching a measurement withEq. (17) at a 

convenient temperature. Values Of Amin = 2~, Amax= 5.2~ and a = 0.3~ 

were used. These parameters .(which are not known accurately) may be 

slightly varied to obtain a closer match of theory and experiment. At 

high temperatures, better agreement would have been obtained if Planck's 

law, Eq.(l~, were used instead of Wien's approximation,Eq. (2). 
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Fig. 16. Comparison between measured and calculated 
signal at low temperatures. 
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Figures 18 and 19 Show that the data are closely approximated by 

a straight line ona plot of~thelogati thIll of the signal versus the 

reciprocal temperat1;1re. ,Therefore, an equation of the form: 

S = SoeXp(-A/T) m~ pe ,utilized for extrapolation to temperatures beyond 

the upper limit of the calibrations performed here . 
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VI. RESPONSE TIME 

The time constant of an infrared detector is generally determined 

by the square pulse technique. Square pulses of radiation can be obtained 

by reflecting radiation from a rotating mirror onto the detector. 

Lacking the optics necessary for the square radiation pulse technique, the 

electrical analpg shoWl;l, in Fig. 20 W8;s us~d. 3 The time constant measured was 

the RC ti·me constant ot the signal-processing circuit rather than the 

time constant determined by the transit time of the charge carriers of 

the photodiode. It was assumed that the diode capacitance for incident 

light was the same as that for an applied voltage and that the capacitance 

was 'independent of the magnitude of the applied voltage. 

A square wave generator was used to provide input pulses of rise and 

fall time less than .l~ sec. When 0.03 or 0.06 volts was applied across 

the circuit of Fig. 20!) the following response times were measured 

T = 1.4p secv1th1iJdi'ode in circuit 
, .,;'. 

TO~ O.71l sec without diode in circuit. 

According to Fig~"C 20, 
: ' 

where Cis the capacitance of the oscilloscope and str~ capacitance in s 

connecting cables. Therefore, 

C =,8Op~. s 

with the diode in the ci:r cUi t , 

T = (C. + 
)'[ 1 ] C diode '_I + _1 + 1 + 1 

- -R
s 

• Rl R2 Rdiode ' 

" 



R2 =100k 

'50A RI = 10k ROIOOE , C
0100E 

'Fig. 20. Circuit for measuring system response time. 
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R
diode 

was measured as 20M. Therefore 

Cdiode"=80 pf. 

The time constant of an RC circuit is simply RC. 

UCRL-19665 

For the actual detector 

circui t R is the net parallel resistance of Rdiode and the resistance 

used in the circuit of: Fig. 2. The time constant for the detector is: 

0.08~ sec for lk 

0.8 ~. sec for 10k 

8 ~ sec for lOOk 

Stray cap~ci tance has been neglected in these estimates. For measure­

ment of rapid temperature transients, the nhopper in Fig. 6 is removed 

and the signal is measured on an oscilloscope. 
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. ·APPENDIX A 

CASSEGRAIN LENS SYSTEM: THEORETICAL SPOT SIZE 

The pa.raxia.l ra:y equation for a mirror is :.9 

1 

S 

1 2 
~ = - R 

where S = source to mirror distance 

S'= mirror to image distance 

R = mirror radius 

For the configuration shown in Fig. 21, 

1 1 2 
Sl - Sl' = Rl 

and 

1 
S2 = 

I 

UCRL-19665 

(A-I) 

(A-2) 

since S2 is infinite for the convex mirror because the beam produced by 

it is parallel to the optical axis. Since both S2 and Sl' on Fig. 21 are 

negative, , 
S2 = Sl +D (A-3) 

the above equations give: 

L+ 1 2 
= 

Sl . R2 
D 

Rl 
2"+ 

(A-4) 

The problem is to calculate the focal spot radius, h . , for which 
nun 

all of the rays emitted frOm h. and incident on the concave mirror also nun . 

impinge on the convex mirror and are eventually detected. It is assumed 

that the requirements are just met for a ray impinging on the far side of 

the concave mirror which barely intercepts the convex mirror. 
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Consider the bottom r~ in Fig. 21 and its reflection from the concave 

mirror. By examination of the relationships among the pertinent dimensions: 

(A-5) 

where h'. is the image. height of h. formed by the concave mirror and x 
~n mn 

is the distance along the axis between h~n and the intersection of reflected 

bottom ray with the axis. 

Using Eq. (A-2) yields: 

h t • b 
mn = '2 -

The magnification of the optical 

m = 

system is given by: 

h' 8 1 ' 

-h=S;:-
Therefore with 81 ' from (A-2) and (A-3): 

h 0' = h'. 8
1

/ 
mn mn 

or substituting h'. from (A-6): 
m1n 

h . ml.n = -----R2 
2+ D 

(A-6) 

(A-7) 

(A-8) 

(A-9 ) 

Following the same type of procedure for h (riot shown on Fig. 21), max 

the focal spot radius at which no emitted r~s falling on the concave 

mirror may be detected, gives: 

8 
h 

1 = max. R2 
-+ 
2 D 

R
2

(a+b) 
b + 
2 4D (A-IO) 

By making various measurements on the optical system it was found 

that: 
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a = 1.3" 

b = 0.25" 

Rl = 12" 

R2 = 2.5" 

D = 6.211 

Utilizing th,ese numbers, 8
1 

was calculated from (A-4) to be 31 in., 

which corresponds to a normal 24 in. source-detector distance. Values 

of h. ::: 0.058" and h = 1.14 in. were calculated. Therefore, when 
m1n max 

the pyromet'er is calibrated at 24 in., all of the radiation falling on 

the concave lens wi thin a focal fJpot radius of 0.058" will be detected. 

A part of the radiation falling on the concave lens up to a spot radius 

of 1.14 inches will be detected.· 

These results are expected to overestimate the spot size since not 

all of the r~s incident on the convex mirror are actually detected. 
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CALIBRATION CURVES 
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For a 0.156 in. black body hole with room temperature 

surroundings at a distance of 24 in. Also see note concerning 

load resistances in Sec. IV-C. 
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