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[57] ABSTRACT 
Apparatus for producing a signal indicative of the 
temperature of a heated gas comprising a beta particle 
source; a beta particle detector which intercepts parti-
cles emitted f rom said source; circuitry for converting 
the detector output to a signal indicative of the density 
of the gas; a pressure transducer for generating a sig-
nal indicative of the pressure on the gas; and circuitry 
for dividing the pressure signal by the density signal to 
produce a signal indicative of the average temperature 
of the gas along the path between the beta particle 
source and the beta particle detector. 

41 Claims, 8 Drawing Figures 
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APPARATUS USING RADIOACTIVE PARTICLES 

FOR MEASURING GAS TEMPERATURES 
This application is a continuation-in-part of applica-

tion Ser. No. 293,347 filed Sept. 29, 1972, which is a 
continuation of application Ser. No. 88,670 filed Nov. 
12, J970. Application Ser. Nos. 293,347 and 88,670 
have been abandoned. 

The present invention relates to temperature meas-
urement and, more particularly, to novel, improved ap-
paratus for producing a signal indicative of the temper-
ature of a heated gas. 

The novel apparatus described herein is particularly 
useful for measuring turbine inlet gas temperatures, 
and its principles will be developed primarily in relation 
to this application. It is to be understood, however, that 
the invention is not restricted to this particular applica-
tion but is of general applicability to the measurement 
of gas temperatures within the limits hereinafter de-
scribed. Accordingly, all applications of the present in-
vention not expressly excluded from the appended 
claims are fully intended to be covered therein. 

There is at the present time a continuing demand for 
improvements in the performance of gas turbine pro-
pulsion systems, especially for higher specific power 
and lower specific fuel consumption. This has led to the 
design of increasingly complex engines and to the use 
of higher turbine inlet gas temperatures and operation 
with the turbine blades as near as possible to the mate-
rial destruction point to achieve maximum perform-
ance. 

It is accordingly critical that the temperature to 
which the blades are heated be accurately controlled to 
prevent over-temperature damage and, also, to provide 
accurate power control. As a corollary, the control sys-
tem must have a fast response time to protect engine 
components from over-temperature damage in the 
event of an engine surge or similar transient condition. 
To produce this degree of control, it is necessary to em-
ploy a system capable of accurately measuring the tem-
perature of the gas exiting from the combustor of the 
engine into the turbine nozzle; i.e., the turbine inlet gas 
temperature. 

Direct sensing of turbine inlet gas temperatures is 
also necessary for closed loop turbine engine control 
systems, which are now in the planning stage. Such 
control systems have a number of advantages over the 
presently employed open loop systems. They are not 
dependent on altitude, fuel characteristics, combustion 
and turbine efficiencies, and a host of other factors, all 
of which contribute to make open loop systems inaccu-
rate and slow to respond. The lack of accuracy and 
slow response times make it mandatory that wide safety 
margins be used, resulting in a large sacrifice in effi-
ciency. 

A number of systems for measuring turbine inlet gas 
temperatures have heretofore been considered. In gen-
eral, such systems can be divided into immersion and 
non-immersion types. The former include a tempera-
ture responsive sensor or target in the hot gases and 
components which cooperate with the sensor or target 
to produce a signal indicative of the temperature of the 
gases in which the sensor or target is immersed. Among 
the immersion sensors are those of the radiation py-
rometer, thermocouple, resistance thermometer , ultra-
sonic immersion, fluidic oscillator, and differential ex-
pansion types. 
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At the gas velocities and temperatures involved (up 

to 3000°F with surges to 3500°F), immersion type sys-
tems such as those listed above are not feasible because 
of the rapidity with which the components in the tur-

5 bine inlet gases deteriorate. Also, the immersed com-
ponent typically produces unacceptable distortions in 
the flow pattern of the gas in which it is immersed. In 
addition, the foregoing and other immersion type sys-
tems such as cooled pneumatic and thermodynamic 

10 probes are typically unsuitable because they do not 
have a sufficiently rapid response time. Further, vari-
ous ones of such sensors are unsuitable because they 
are too easily contaminated, not capable of measuring 
other than local or "po in t " temperatures, not suffi-

15 ciently accurate, not capable of measuring tempera-
tures over a sufficiently wide range, too complex, too 
difficult to maintain, and/or not sufficiently reliable. 

Non-immersion type sensors include infrared mono-
chromatic radiation (IMRA) pyrometers, laser sensors, 

20 and ultrasonic air gap systems. IMRA pyrometers are 
not suitable for the purposes discussed above because 
they are not sufficiently accurate over an acceptably 
wide temperature range and because they are too com-
plex, large and heavy. In addition, they are sensitive to 

25 flame streaking, incandescent soot particles, gas stream 
pressure variations, and flow passage wall radiation. 
Laser systems are unsuitable because they measure 
only local temperatures, are highly pressure sensitive, 
are sensitive to slight dimensional changes caused by 

3 0 vibration, thermal growth, and pressure distortions, 
and are not adaptable to automatic monitoring. Ultra-
sonic air gap systems are not satisfactory because they 
are sensitive to changes in gas composition, noise, gas 
stream turbulence, and velocity drift and do not have 

^ an acceptacle accuracy level. 
We have now invented a novel system for measuring 

turbine inlet gas temperatures which does not have the 
drawbacks of and is accordingly superior to the systems 
heretofore proposed for this purpose. The major com-

4 0 ponents of this novel system are a beta particle source 
or emitter, a beta particle detector, a pressure respon-
sive transducer, and analog circuitry for modifying and 
combining signals generated by the beta particle detec-
tor and the pressure transducer. 

The emitter is so located as to emit a beam of beta 
particles along a path through the turbine inlet gases. 
The detector is aligned with the emitter at the other 
end of this path and accordingly intercepts those parti-
cles which are not absorbed by the gases along the path 
between the emitter and detector. The detector gener-
ates a signal which is converted by the analog circuitry 
to a signal indicative of the density of the gases between 
the particle emitter and the particle detector. The pres-

5 5 sure transducer measures and produces a signal indica-
tive of the static pressure on the turbine inlet gases. The 
analog circuitry divides this signal by the density signal, 
generating a signal indicative of the average tempera-
ture of the gases between the beta particle emitter and 

6 0 the detector. 
The components of this novel temperature measuring 

system are located out of the flow path of the turbine 
inlet gases. Therefore, they are not subject to oxidative 
deterioration, even at very high turbine inlet gas tem-

6 5 peratures. Also, for this reason, they do not cause dis-
tortions in the gas flow pattern. Furthermore, this novel 
system is accurate over a wide temperature range, has 
a fast response rate (on the order o f t e n milliseconds), 
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32 20 
has a high degree of flexibility in that it can be readily urement as well as to the presence of carbon parti-
adapted to any type or size of turbine engine, and is in- cles in the gases. 
sensitive to turbine inlet gas velocities and turbulence 4. are not subject to oxidative deterioration by the 
and only slightly sensitive to changes in the composi- gases subjected to temperature measurement . 
tion of the turbine inlet gases. The electronic compo- 5 5. are sufficiently rugged to readily withstand vibra-
nents are relatively few in number and are solid state tion, acceleration, and other dynamic forces. 
devices. As a result, the system is light and occupies 6. are light and occupy very little space. 
very little space, is sufficiently rugged to readily with- 7. have a long service life. 
stand the dynamic environment at the turbine inlet (vi- 8. have very low power requirements. 
bration and acceleration), has a useful service life mea- 10 9. have a limited number of readily accessible com-
sured in thousands of hours, and requires almost negli- ponents and are accordingly easily serviced. 
gible power to operate. Also, our novel system is rela- 10- are comparatively inexpensive. 
tively inexpensive; and its components can be made 1 L h a v e various combinations of the foregoing attri-
readily accessible, making it easy to maintain. butes. 

In the preferred forms of the invention, air or other 1 5 ° t h e r important objects and features and additional 
gas is circulated through the interface between the advantages of the present invention will become appar-
emitter and the combustor and through the interface e n t f r o m t h e appended claims and as the ensuing de-
between the detector and the combustor . This keeps t a l l e d description and discussion proceeds in conjunc-
soot from being deposited between the emitter and de- t i o n W l t h t h e accompanying drawing, m which: 
tector. Accordingly, our novel system is not adversely 2 0 F I G ' 1 i s a functional block diagram of a turbine en-
effected by the presence of carbon particles in the tur- S l n e equipped with temperature measuring apparatus 
bine inlet gases l n a c c o r c ' W I t " ^ e principles of the present invention; 

Beta particle sources and detectors have heretofore , F I G ' 2 j s a fragmentary longitudinal section through 
been employed for a variety of purposes including „ the _ combustor and turbine ot _ a turbine engine 
chemical analysis, surface temperature measurement , 2 5 equipped with temperature measuring apparatus in ac-
phase change determinat ion, gas density measurement c ° r d w ! t h t h e P ™ 5 " 1 m e n t i o n , J 1 1 5 apparatus being 
(see U.S. Pat. No. 2,908,819 issued Oct . 13, 1959, to s h ™ n generally diagrammatic form, 

^ .. . . . • . FIG. 3 is a transverse section through the combustor J. W. Marx) , leak detection, thickness measurement , , „ . . . , < . . . . . . . i u i- j .u » of the turbine engine of FIG. 2, the turbine and temper-etc. However, it has not heretofore been realized that ™ » • . • u • u • , , • • • ^ * » J U ature measuring apparatus again being shown in gener-such devices can be used to measure gas temperatures „ r / , f, .„ „ , . . . , c i a _, ally diagrammatic form and the illustrated components by incorporating them in apparatus of the type de- , „ , . . , . . .. .. . r- .^ j i * , j . . . . . . } V of the latter being in a different orientation than in FIG. scribed briefly above and in detail hereinafter . . 
U S . Pat No 3,100,395 issued Aug. 13 1963, to T. ' p , G 4 a f t o f F K } 2 t Q a n e n , d s c a I e ; 

J. Morley discloses an arrangement employing a beta 35 FIG. 5 is a circuit diagram of temperature measuring 
emitter and detector for measuring the quality of t u s c o n s t r u c t e d in accord with the principles of 
steam. At first blush, the Morley apparatus appears to t h e p r e s e n t invention-
resemble that of the present invention. However a FIG. 6 is a circuit diagram of an alternate form of 
closer inspection of the patent makes it apparent that temperature measuring apparatus; 
the Morley apparatus is not capable of providing tern- 40 F IG . 7 is a graph designed to illustrate certain limita-
perature measurements as will be discussed in more de- t j o n s o n t h e r e l a t i v e l o c a t i o n o f t h e b e t a p a r t i c l e e m i t -
tail hereinafter; and there is nothing m the Morley Pa- t e r a n d d e t e c t o r employed in tempera ture measuring 
tent which even remotely suggests how his apparatus apparatus constructed in accord with the principles of 
could be modified to make it capable of producing tem- p r e s e n t invention; and 
perature readings. 45 p jQ g j s a graph showing the close correspondence 

Other forms of nuclear radiation such as alpha parti- between calculated and measured values in an appara-
cles and gamma X-rays are not satisfactory for use in t u s embodying the principles of the present invention, 
the novel temperature measuring appara tus described Referring now to the drawing, FIGS. 1 - 5 illustrate a 
herein. The rate of at tenuation is very sensitive to g a s turbine engine 10 equipped with apparatus 12 in 
changes in gas composit ion, they present significant bi- 5 0 accord with the principles of the present invention for 
ological radiation hazards, etc. measuring and providing a signal indicative of the tur-

From the foregoing it will be apparent that the pri- bine inlet gas temperature . This signal may be em-
mary object of the invention resides in the provision of ployed to control the operation of the engine. Alterna-
novel, improved apparatus for generating signals which tively, or in addition, it may be applied to a scope 14 
are indicative of the temperature of a heated gas. 5 5 to provide a visual indication of transients in the tem-

A related and primary but more specific object of the perature of the turbine inlet gases or to a register 16 to 
invention is to provide novel, impoved apparatus for provide a digital readout of the gas temperatures, 
measuring turbine inlet gas temperatures and the like. Turbine engine 10, which is shown in only f ragmen-

Other important but still more specific objects of the tary form in the drawing, will typically include a corn-
invention reside in the provision of novel, improved ap- pressor section (not shown) from which compressed air 
paratus for measuring the temperatures of heated gases flows into a combustion section or combustor 18 where 
which: fuel is mixed with the compressed air and the fuel-air 

1. are accurate over a wide tempera ture range. mixture ignited and burned. From the combustion sec-
2. have a fast response t ime. 6 5 tion, the hot compressed air-combustion products mix-
3. are relatively or completely insensitive to factors ture flows through nozzle 20 into a turbine 22 which 

such as the velocity and temperature of and turbu- includes a wheel consisting of a plurality of turbine 
lence in the gases subjected to tempera ture meas- blades or buckets 24 fastened to a rotatably mounted 
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shaft (not shown). As the hot fluid impinges on the tur- of the isotope; accordingly, it is not necessary to take 
bine buckets, it rotates the shaft of the turbine wheel, elaborate precautions to thermally isolate the plug 
which is connected to the turbine engine compressor, f rom the interior of combustor 18. 
and may also be connected to load equipment such as There are a number of isotopes which emit beta par-
a generator, propeller, or the like, and, in most cases, 5 t ides as they decay. However, many of these are not 
to auxiliary equipment. Alternatively, the turbine may satisfactory for the purposes of the present invention 
be employed only to drive the compressor and auxiliary because they do not have a sufficiently long half-life or 
equipment and the hot exhaust gases directed through a useful endpoint -near, which is expressed as a density 
an appropriately configured nozzle section to increase times a distance. This endpoint is related to the beta 
their velocity energy and thereby produce forces capa- 10 particle energy and, in physical terms, signifies the par-
ble of propelling an aircraft or other vehicle. t i d e density per unit of distance which will completely 

Gas turbine engines of the type last mentioned (com- absorb the beam of emitted beta particles. As the theo-
monly known as turbojet engines) are widely used to retical endpoint-near is approached, the signal attribut-
propel aircraft. In such applications, particularly in su- able to the beam of beta particles drops off rapidly; and 
personic aircraft, it is important that the engines be op- 15 the coefficient of statistical variation increases until the 
erated as efficiently as possible, both in commercial air- noise equals the signal, which would produce a 100 
craft for reasons of economy and in military aircraft to percent error in the indicated temperature, 
produce maximum performance. As discussed above, Available beta particle emitting isotopes may also be 
it is important in obtaining maximum operating effi- unsuitable for the purposes of the present invention be-
ciencies to maintain the turbine inlet gas temperatures 20 cause they emit radiation of a hazardous type such as 
as high as possible. On the other hand, the maximum high energy gamma rays as they decay. Other isotopes 
established service temperature of the turbine buckets are undesirable because they decay into isotopes which 
can not be exceeded as this will result in rapid deterio- are radioactive or because they are chemically active 
ration of the buckets. It is the function of temperature and therefore difficult to encapsulate, 
measuring apparatus 12 to provide an accurate mea- 25 Those isotopes which can be employed in the novel 
sure of the turbine inlet gas temperature so that the tur- temperature measuring apparatus we have invented 
bine buckets and other heated components of the en- are, in order of increasing energy, nickel 63, carbon 14, 
gine may be maintained at a temperature which is close promethium 147, krypton 85, thallium 204, strontium-
to but does not exceed the maximum allowable service yttrium 90, and ruthenium-rhodium 106. Of these 
temperature. krypton 85 is preferred since it has a long half-life (10.4 

In aircraft (and other) applications, it is also neces- years) and a large endpoint value. Further, this isotope 
sary that the temperature measuring system have a fast decays to a non-radioactive compound; and, while it 
response to changes in the temperature of the turbine does emit gamma rays as it decays, these have a very 
inlet gases. An uncontrolled engine surge can raise tur- low energy value so that, in the amounts employed in 
bine blades from a 1700°F operating temperature to a temperature measuring apparatus of the type disclosed 
temperature of 1850°F. in 0.1 second, to a temperature herein (typically on the order of 300 millicuries), the 
of 1970°F. in 0.2 second, and to the melting point radiation hazard is practically nonexistent. Further-
(2300°F.) in 0.5 second. Temperature measuring sys- more, krypton is a noble gas and therefore not chemi-
tems as described herein typically have a response time cally reactive. 
of 10 milliseconds and are accordingly capable of con- 4 0 There are three types of detectors which have been 
trolling engine surges before appreciable turbine blade found satisfactory for use in system 12 as applied to tur-
temperature rises occur. bine engines. These are scintillation counters, ion 

Referring still to FIGS. 1 - 5 , the major components of chambers, and silicon solid state detectors. All three 
temperature measuring apparatus 12 include a beta types of detectors are widely available on a commercial 
particle emitter or source 26; a beta particle detector basis, and it is accordingly not believed necessary to de-
28; a pressure transducer 30; and pulse amplification, scribe them in detail herein. 
noise rejection, wave form conditioning, and integrat- There are of course many other types of beta particle 
ing circuitry identified generally by reference character detectors. In different applications of the invention var-
32 in FIG. 5. Another major component of apparatus ious ones of these may be acceptable alternates or pref-
12 is an analog equation solving circuit 34 which modi- erable to those named above. 
fies the signal generated by circuitry 32 and divides the One arrangement of emitter 26 and detector 28 in 
modified signal into the signal produced by transducer engine 10 is shown diagrammatically in FIG. 2 and in 
30 to generate yet another signal indicative of the aver- more detail in FIG. 4. As shown in these Figures, the 
age temperature of the gases between emitter 26 and plug 36 of emitter 26 will typically be an integral part 
detector 28. As mentioned above, the output signal of a fitting 40. This fitting is threaded in an aperture 42 
from analog circuit 34 can be employed to control the formed in the inner wall 43 of combustor 18, which co-
operation of engine 10 and may alternatively or in addi- operates with outer wall 44 to give the combustor an 
tion be applied to scope 14 or digital readout register annular configuration. The emitter is oriented to emit 
16. 6 0 a stream or beam of beta particles along a path 46 

Referring now specifically to FIGS. 2, 3, and 4, emit- across the combustor slightly upstream of the first-
ter 26 consists of a radioactive isotope sealed in a plug stage turbine nozzle 20. 
36 by a foil window 38 through which the beta particles Detector 28 is mounted in a housing 48 supported 
are emitted. Plug 36 will typically have a volume of 0.5 f rom the outer wall 44 of conibustor 18 and external 
cubic inch or less. The isotope sealed in it will emit a 6 5 engine casing 50 in spaced relation to the latter by 
high velocity beam (0.5 MEV, for example) at a rate evacuated tube 52. Detector 28 is located at one end 
of several hundred thousand beta particles per second. of tube 52, which is sealed in housing 48. The other end 
This rate of emission is independent of the temperature of the tube is sealed in a fitting 54 which is threaded 
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into an aperture 56 through combustor outer wall 44. 
Evacuated tube 52 locates detector 28 away f rom hous-
ing 50 in an environment where the tempera ture is rela-
tively low compared to that at the turbine housing, ln 
a typical application, the arrangement illustrated in 5 
FIG. 4 will keep the tempera ture of detector 28 to an 
acceptably low (less than 200°F.) temperature . 

A preamplifier will also typically be housed in casing 
48 as shown in FIG. 4. The mounting arrangement just 
described will also keep the preamplifier at an accept- '0 
ably low operating temperature . 

In extreme applications, a thermal shield and insula-
tion (not shown) can be interposed between the detec-
tor housing and the outer casing 50 of the engine, if 
necessary. Alternatively, air or fuel can be circulated 1 5 

through passages 64 in detector housing 48 to cool the 
detector . 

A foil seal 58 across an aperture 60 aligned with the 
bore 62 into which tube 52 extends isolates the inner 
end of the tube from the surrounding environment. 
Beta particles are a t tenuated in seal 58 as well as in foil 
window 38. Such at tenuation is compensated for in the 
analog circuitry 34 to eliminate the error in indicated 
temperature which would otherwise occur . 25 

Referring again to the drawing, seal 58 also shields 
detector 28 from infrared photons. Such shielding is 
necessary because detectors of the silicon solid state 
type are sensitive to photons and will accordingly pro-
duce spurious signals unless shielded f rom them. 30 

Referring still to FIG. 4 , tube 52 is supported in an 
aperture 66 in turbine casing 50 by support member 
68. A sealing ring 70 extending between the periphery 
of aperture 66 and a peripheral groove 74 in the sup-
port member prevents flow from the passage 76 be- 35 
tween combustor housing member 44 and casing 50 to 
the exterior of the turbine. 

Turning now to FIGS. 2 and 4, tube 52 is aligned with 
emitter 26. Accordingly, the beta particles emitted 
from the latter travel through the combustor along path 40 
46 and then through tube 52 to detector 28. As tube 52 
is evacuated, there is no attenuation of electrons in the 
tube. It is preferable to collimate the electron beam in 
tube 52 or focus it on detector 28 by electro-optical 
means located near the entrance of tube 52. This is de- 45 
sirable in the interest of making the detector output sig-
nal as large as possible. 

Referring still to FIGS. 2 and 4, one of the novel fea-
tures of the present invention is the use of purging air 
to keep carbon from being deposited on the window 38 
of emitter 26 and on the seal 58 at the inner end of tube 
52. More specificially, air is bled from the passage 77 
between the inner engine casing 78 and combustor wall 
member 43 through aper ture 79 in the emitter support-
ing fitting 40 , across window 38, and then through a 5 5 

port 80 in a member 82 at the inner end of the fitting 
and closely adjacent window 38. This keeps carbon 
from collecting on emitter window 38. Air is similarly 
bled from the passage 76 between outer combustor 
wall 44 and outer engine casing 50 through apertures 
84 in the fitting 54 which supports the inner end of tube 
52 from combustor wall 44 and through a port 86 in a 
window 88 extending across the inner end of the fitting. 
This keeps carbon f rom collecting on the seal at the ^ 
inner end of tube 52, which is necessary as carbon on 
window 38 and/or foil seal 58 would absorb beta parti-
cles emitted from source 26 and cause the temperature 

60 

indicated by apparatus 12 to be lower than the actual 
turbine inlet gas temperature . 

The apertures 79 and 86 in windows 82 and 88 will 
typically be only a few hundredths of an inch in diame-
ter. The volume of purge air required for the purposes 
just discussed is accordingly extremely low. 

As an alternate to the arrangement just described, 
emitter 26 and/or the inner end of evacuated tube 52 
can be recessed in apertures 42 and 56 and gas collima-
tors as described in application Ser. No. 764,234 filed 
Oct. 1, 1968 (now U.S. Pat. No. 3,584,509) interposed 
between the detector and/or inner end of the evacuated 
tube to keep foreign matter f rom collecting on them. 

In conjunct ion with the foregoing, it is also to be un-
derstood that the illustrated orientation of the beta par-
ticle emitter and detector is exemplary only. Any ar-
rangement which allows a clear line of sight between 
the emitter and the detector can be employed. For ex-
ample, the line of sight can be transversely across the 
combustor near outer wall 44 as shown in FIGS. 1 and 
3 (the beta particle path is identified by reference char-
acter 46 or 89) , or may even be from a cooled stator 
to an exterior wall at the inlet end of the turbine section 
(in this case the emitter is housed in the stator). The 
electron beam can be directed crosstream of the tur-
bine inlet gases, downstream, or with any other angular 
relationship between the beam and the gas velocity 
vectors. Or, a path that will potentially have both hot 
and cold streaks may be selected so that the average 
temperature along the path will closely approximate 
the average temperature of the turbine inlet gases. 

Referring now to FIGS. 1 and 5, beta particles im-
pinging on a detector of the ion chamber or scintillator 
type cause the detector to generate a pulse or burst of 
low energy electrons. Thus, the output from such a de-
tector is a series of electrical pulses. This detector out-
put is amplified by preamplifier 90 and amplifier 92 
and then transmitted to pulse discriminator 94. The 
pulse discriminator separates components of the signal 
attributable to noise f rom the signal components result-
ing f rom the impingement of beta particles on detector 
28. 

The signal is then transmitted to a conventional mul-
tivibrator 96, which adds a time constant to the signal. 
Accordingly, the output signal f rom the multivibrator 
is a series of pulses indicative of the detector beta parti-
cle count rate. This output is integrated in pulse rate 
integrator 98, producing a D.C. voltage indicative of 
the rate a t which beta particles are at tenuated in detec-
tor 28. 

This D.C. signal is transmitted to an operational am-
plifier 100 which is sequentially the first component of 
analog circuit 34. A constant is added to the count rate 
signal by the operational amplifier, and the signal is 
then logarithmically amplified in logarithmic amplifier 
102. The output signal f rom the logarithmic amplifier 
has the form E = — log10J where J is the integrated de-
tector count rate. 
. The rate at which beta particles are absorbed by the 

gases between beta particle emitter 26 and detector 28 
varies with the density of these gases. As the average 
temperature of the gases along paths 46 or 89 in-
creases, the gas density decreases; and fewer beta parti-
cles are absorbed by the gases. Therefore , more parti-
cles are at tenuated in detector 28, and the magnitude 
of the output signal f rom logarithmic amplifier 102 in-
creases. The magnitude of the logarithmic signal ac-
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1 0 
cordingly varies inversely with the density of the gases 
along the emitter-to-detector path. 

This inverse signal is subtracted in operational ampli-
fier 104 from a constant magnitude signal K2 which is 
representative of the logarithm of the rate at which par-
ticles emitted from emitter 26 would be absorbed by 
detector 28 if a perfect vacuum existed between the 
emitter and detector and also takes into account the 
fact that not all of the beta particles wjl) have the same 
energy level. Accordingly, the output from amplifier 
104 is a varying voltage signal having a magnitude 
which is directly proportional to the density of the 
gases along path 46 (or path 89). 

Referring now to FIGS. 1 and 5, the pressure trans-
ducer 30 referred to above continuously monitors the 
static pressure on the turbine inlet gases at generally 
the same location as emitter 26 and detector 28 and 
generates a signal proportional in magnitude to the 
static pressure (alternatively, the transducer may be ar-
ranged to measure the compressor pressure, which will 
be only slightly higher than the pressure on the turbine 
inlet gases, and an appropriate correction for the differ-
ential made in the electronic circuitry). 

The transducer may be of any desired type although 
the capacitative pressure pickup transducer manufac-
tured by Rosemount Engineering Corp. is currently 
preferred because of it relatively high accuracy, adapt-
ability to severe environments and high temperatures, 
small size, low weight, etc. Transducer 30 can be 
threaded into an aperture in the combustor housing in 
much the same manner as emitter 26 and detector 28 
although the mounting arrangement is not critical and 
has accordingly not been shown in detail in the draw-
ing. 

The signal generated by pressure transducer 30 is 
multiplied by a constant in operational amplifier 106 
and then transmitted to a conventional voltage divider 
110. Here the pressure signal is divided by the density 
signal from operational amplifier 104. The output sig-
nal from the voltage divider network is therefore a 
varying voltage signal proportional in degrees Rankine 
to the average temperature of the gases along the path 
46 (or 89) between emitter 26 and detector 28. This 
signal is converted to one representing degrees Fahren-
heit in operational amplifier 111. As discussed above, 
it can then be utilized to control the operation of en-
gine 10 and/or may be used to provide visual displays 
of the gas temperature and changes in its magnitude. 

To more specifically explain the theory on which 
temperature measuring system 12 operates, the aver-
age temperature T of the gases along the path between 
emitter 26 and detector 28 is represented by the equa-
tion 
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by the conversion factor from natural to decimal 
logarithms. Since the temperature is measured in 
the absolute Rankine units in this application of the 
invention and P in atmospheres, K t is measured in 
degrees R per atmosphere, with a typical value of 
around 30+ for gas turbine exhaust mixtures close 
in density to that of air, 

K2 is a constant which will be developed hereinafter 
and which takes into account the character of the 
beta particles emitted from source 26 and the max-
imum count rate from detector 28, but not the ef-
fect of purge air, and 

J is the detector count rate, given by the relation 

J = J „ e -<"2ipisi 
( l a ) 

where a , p, and S are assigned values described herein-
after, and J„ is the signal generated by the beta detector 
in the absence of any material between the emitter and 
detector, and for a vacuum between them. It is thus the 
theoretically highest possible signal. 

In practice, there will be windows across the detector 
and emitter foils isolating these components from the 
gases being subjected to temperature measurement, 
and air spaces between these windows and foils. We 
therefore define a signal J10 as the practically possible 
maximum signal generated by the beta detector, for the 
condition of vacuum in the space between the foils de-
limiting the gas to be monitored. It can therefore be de-
fined as 

Jio = Jae<"M's' 

( lb ) 
where p-, is the density, and S, the thickness of the win-
dows, foil and/or air spaces between the emitter and 
detector present under all conditions of measurement. 
It is a feature of this invention that the actual values of 
J„ and pfSj are immaterial for the measurement of the 
parameters of the gas to be monitored. 

In the pulse mode of operating just discussed, the 
output from pulse discriminator 94 is the number of 
beta particles attenuated in the detector. Multivibrator 
96 converts this output to one having the value J; i.e., 
to a count rate (the number of particles attenuated in 
the detector per unit of time). 

This pulse type count rate output is integrated and a 
constant added in circuit components 98 and 100 to 
convert it to a varying voltage 

50 

E„ = 
R, + R, 

R, ( 2 ) 

T = 
K,P 

The logarithmic amplifier 102 converts the signal E„ 
to a signal 

Rp K., - Log J ( 1 ) 

where 
P is the static pressure on the gases between emitter 

26 and detector 28, 
R is the gas constant, 
p is the density of the gases between emitter 26 and 

detector 28, 
K, is a constant essentially expressing the unit mass 

of the gas being measured, multiplied by the atten-
uation constant of the electron beam and divided 
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Ei = - log 
R, + R, 

R, • J = - l o g E„ (3) 

In operational amplifier 104, the output E/, is sub-
tracted f rom the constant magnitude signal K2 to con-
vert it to the density signal 

K2 - l o g J 

( 4 ) 
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Simultaneously, the static pressure signal is fed to op-
erational amplifier 106 which adds the system constant 
Ki to convert the pressure signal to K]P/10. 

The pressure and density signals are transmitted to 
network 110, which divides the pressure signal by the 
density signal; i.e., solves the equation 

K,P 
10(Ka —log J) (5) 

and multiples the result by 10 to produce a temperature 
signal in degrees Rankine. This signal is transmitted to 
operational amplifier 111 where it is converted to a sig-
nal indicative of degrees Fahrenheit by performing the 
operation T("F) = T("R) —460. This signal is utilized in 
the manner discussed above. 

By appropriate adjustment of constant K], the tem-
perature signal can also be obtained in degrees Kelvin 
and Centigrades and in other temperature scales. 

Or, in general terms, 

T(°G) = 
K*P 

I0< Ka — log J) — K J (5a) 

where 
T(°G) is degrees in the selected tempera ture scale, 
K*is the appropriate constant in the dimensions tem-

perature/pressure, and 
Kf is a conversion constant for shifting the base of the 

temperature scale. 
In conjunction with the foregoing, temperature mea-

suring apparatus 12 operates on the basic principle 
that: 

pT 
P 

P.T.. 
( 6 ) 

T = 
T„ 
P„ P (7) 

P = 
In J hi — In J 

aS (8) 

where: 

40 

where 
p is the density of the gases subjected to temperature 

measurement along the path between emitter 26 
and detector 28, 

T is the temperature of the gases along the path, 
P is the static pressure on the gases, and 
P„ and T0 are standard pressure and tempera ture or 

any specifically defined values of temperature and 
pressure, 

p„ is the density of the gas at s tandard temperature 
and pressure or the specified values of P„ and T„. 

Rearranging Equation (6) : 

The density p of the gases subjected to tempera ture 
measurement bears the following relationship to the 
count rate derived from the detector output: 

45 
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20 
a is an attenuation constant for source 28, 
S is the distance traveled by the beta particles 

through the gases being subjected to temperature 
measurement , and 

J„, is the maximum practical count rate obtainable 
f rom the detector; that is, the signal along path S 
obtained in vacuo as defined above. 

Substituting Equation (8) into Equation (2): 

10 
a S e , 

T I n J , „ - l n J 
' 1 0 

i n d e g r e e s R a n k i n e . (9 ) 

15 
Typically, logarithmic amplifiers are designed to han-

dle decimal, not logarithmic logarithms: Consequently, 
so that it can be readily handled, both the numerator 
and the denominator of the temperature expression are 

20 divided by 1/j 10, and the equation becomes: 

T = 

a S e 0 • I 

l n 10 

25 l o g J 1 Q - l o g J (10) 

30 

35 

For beta emitters including Kr 85, the reaction which 
liberates the beta particle involves the emission of a 
neutrino. That is: 

N ( p ) + + ( B R + v 
where n is a neutron, p + is a proton, and v is a neutrino. 

As a result of the neutrino emission, the particles 
range through a full energy spectrum. The attenuation 
constant a is therefore a function of energy: a = a ( E ) . 
Thus, the radiation is polychromatic; and, for accurate 
results an effective attenuation constant is employed. 
The effective a is also a function of p and S because the 
higher energy particles penetrate a larger pS distance 
than those with lower energies. 

To compensate for the polychromatic character of 
the emitted energy, we preferably introduce into the 
denominators of Equation (9) a compensating factor C 
in the form of 1/? C. Thus, corrected for the polychro-
matic character of the emitted radiation, Equation (9) 
becomes: 

50 
• a p o S - P 

T = 
(11) 

I n J 1 0 + I n C - l n J 

5 5 

60 

Equation (10) , similarly modified, becomes: 

a0os-p 
l n l O (12) 

l o g J 10 l o g C - l o g J 

The terms log Ji<> and log C are both constants and 
can be combined into a single constant K2. Similarly, 
constants T„, P„, and ap0S can be combined and di-
vided by 1 n l'O to give a new constant K t . 

Substituting constants K, and K2 into Equation (12) 
gives: 
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K.P 
T = - r - T T ^ n - ( i > 

Compensation for the effects of purge air is made by 
K- ~ J use of the following purge-air bias factor: 

This will be recognized as the equation which analog 1 ^ C ^ 0.9 
equation solving circuitry 34 is designed to solve. 5 The correction for the effect of purge air takes the 

In applying the principles of the present invention, P„ form In C ' . This term is negative for values up to 1.0 
is generally atmospheric pressure and T„ is 530°R and vanishes at 1.0. As the effect of the purge air is to 
(70°F). The ratio T„/P„, hence, has the value 36 for reduce the signal strength, Equation (1) corrected for 
purposes of calculations using our invention. the effect of purge air and with the correction factor 

In one installation of the type in which the principles 10 changed to the same log10 basis as the other terms be-
of our invention are embodied, the constant ap„S was comes: 
empirically determined to be 0.1733, and constant C 
was similarly found to be 1.1 (in absence of purge air). 

Thus, for this installation, Ki is 2.71. K p 

It can be readily demonstrated that: 15 T = I c + l c g C ^ i o g j ( l 6 > 

"'1<> The term In C ' o r log C1 is a constant for a given ap-
where J„ is the detector generated count rate at tem- plication of our invention and can accordingly be com-
perature T„, pressure P„, and gas density p„. bined with the constants log J,„ and log C into a single 

In the installation described above, J„ was measured 20 constant like K2. Thus, the equation solving circuitry 34 
at 800 counts.per second. From this value and the val- need not be modified to take the effect of purge air into 
ues of log C and ap0S given above, the value of con- account (or to compensate for the polychromatic char-
stant K2 can be readily calculated to be 4.025. acter of the emitted radiation). Only calibration of the 

Substituting the numerical values of K.i and K2 into circuit for the particular value of the constant in the de-
Equation (1) gives: 25 nominator of the equation is required. 

In conjunction with the foregoing, it is of course pos-
sible to compensate for the effect of purge air without 

1 7 l p taking the polychromatic character of the radiation 
T = 4.025 - log J ( 1 4 ) > n t 0 account by assuming emitted beta particles all 

30 have the same energy level and that the emitted energy 
That Equation (14) accurately described the per- i s therefore monochromatic. In this case the equation 

formance of the apparatus in question is apparent from t 0 b e solved by circuitry 34 would be: 
FIG. 8. In the graph which constitutes this Figure, the 
abscissa is a variable: 

35 
KjP 

T ~ log J,„ + log C" - log J ( 1 7 ) 

A = 3 6 j - (from Equation 7) Or, both compensations may be disregarded in which 

40 
case the equation solved by the circuitry is 

The ordinate F is a detector generated count rate signal 
normalized to standard temperature and pressure as 
shown by the following equation: KjP 

T log J,I, — log J ( 1 8 ) 

45 
In both of the foregoing cases only calibration of the 

F= -j— ap (15) circuitry is required to effect the solution of the appro-
priate equation. 

The empirical relation between the factors F and A W , h i l e the equation solving circuitry will normally 
in FIG. 8 is closely approximated by the expression 50 f ^ P 1 ^ amphfiers which produce decimal logarithms, 

J there is no reason that amplifiers capable of generating 
F = C e ~ a p S ( A - 1 ) natural logarithms cannot be used instead. In such cir-

cumstances, the counterpart equations to those devel-
oped above which the circuitry might be calibrated to 

5 5 solve would include Equation (9) and: 
(15a) 

shown as the curve while experimentally measured data 
are entered as points. 

It is pointed out, in conjunction with the foregoing, 
that the values of effective ap„S and C employed in i P o ^ P 
Equation (14) are only first approximations. An even T _ T Q 

more arcurate equation and therefore greater accuracy i n - I n J 
in actual applications of the temperature measuring ap-
paratus described above can be obtained by more accu-
rately computing these constants. 

Equations (1) and (14) do not take into account the ^ p 
signal strength decreasing effect of purge air flowing _ I T a P o S I > 

across the path of the beta particles outside the region T = (20) 
in which the temperature of the gases is measured. n J 1 0 + c ~ 1 1 1 J 



16 3 , 8 7 4 . 2 3 8 

T = 
o a p Q S P 

l n J 1 Q + l n C + l n C ' 

o a p 0 S P 
T -

T = O 
I n J a + a p Q S - l n J 

- l n J 
(21) 

(22) io 

In applying the principles of the present invention, it 
is important to keep in mind that the beta emitter em-
ployed in temperature measuring apparatus 12 has an 
endpoint at which the beta particles will be completely 
at tenuated in the gases between the emitter and the de-
tector. The endpoint is expressed as a density times a 
distance as shown by the equation 

15 

20 

As the emit ter-detector path length is increased, the 
magnitude of the signal decreases, and changes in the 
signal become larger in comparison to the signal (this 
is the opt imum region). Therefore , the temperature 
measuring apparatus becomes increasingly sensitive, 
reaching maximum sensitivity at the end-point-near re-
gion. However, as this endpoint is closely approached 
and the signal accordingly approaches zero, the signal 
will disappear in noise attributable to statistical varia-
tions in the beta particle emission, the operation of the 
electrical components, etc. Accordingly, maximum 
path lengths are also undesirable; and a somewhat 
shorter path length is accordingly employed to remain 
in the opt imum region. 

Accura te temperature readings depend on a number 
of factors including the beta particle source which is 
employed. For the preferred Krypton 85 source, opti-
mum results can be obtained by insuring that 

20 0.40 < aApS 
AP 

< 3.60 

( 26 ) 
where 

e = p e S f ' 25 

(23) 

where 30 
e is the endpoint , 
p e is density of the gases between the beta particle 

emitter and the beta particle detector , and 
S e is the length of the path between the beta parti-

cle emitter and the beta particle detector . Since 35 

(24) 
40 

K„ P € S 6 

T« (25) 

where K„ is a proportionality constant. Thus, for a con-
stant temperature T: 

€o — KoP«Se 
It is apparent from the foregoing that an isothermic 

curve can be constructed for any desired tempera ture 
T e . A family of such curves is shown in FIG. 7. 

The measurable region of the beta particle emitter 
for an application of the invention involving a particu-
lar maximum temperature is represented by the area 
under the isothermic curve for that temperature . From 
the shape of of the isothermal curves it can be seen that 
this requires a reduction in the emit ter-detector path 
length as the gas pressure increases. 

Very short path lengths can be employed irrespective 
of the temperatures and pressures involved. However, 
changes in the detector signal are very small in compar-
ison to the signal itself when the path length is very 
short. Therefore , the apparatus will be relatively insen-
sitive to changes in gas density. Consequently, very 
short path lengths are not desirable (this is the end-
point-distant region). 
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AP = P„ ( i r - • (27) 

for F = Ce~ 
where, 

Ap is the change in density in the path between emit-
ter 26 and detector 28 traversed by the gases sub-
jected to temperature measurement , and 

S i s the distance over which p changes f rom p„. 
Equation (26) also requires that, at standard temper-

ature (T„), pressure (P„), and density p„, the pS value 
of windows, foils, and spaces with constant density not 
exceed the practical value of 0.165 g/cm2 when using 
the beta beam for the Krypton 85 emitter. 

The endpoint-distant region is 

0 < aApS 
A P 

< 0.40 

(28a) 

45 
for appara tus as described above , and the end-
point-near region is 

50 

3.60 < aApS 'AP < 9.00 

55 
(28b) 

Operation in the endpoint-distant region and end-
point-near region and especially near the outer limits of 
those regions will preferably be avoided for the reasons 
discussed above. 

The temperature measuring apparatus of the present 
invention just described operates in a completely dif-
ferent manner than the steam quality indicator dis-
closed in the patent to Morley identified above, and the 
latter could in no wise be employed for our purposes. 
In Morley's apparatus steam quality Q is represented by 
a signal obtained solving the equation: 



Q = 

1 7 

-Cont inued 
BP 
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(In 1 „ - In 1) 

K, = B 
T„ 
P„ 

P„S 

oo rr, 
• In 10 (30) 

1 
R 

MP 

AJ 

20 

(29) 

where B is an undefined dimensionless scale fac tor ap-
parently obta ined by following the calibration proce-
dure explained in lines 2 - 7 , column 7 of the Morley pa-
tent. 

The term Kt of the present invention's Equat ion (1) 
and B of Morley are not equivalents, but have the fol-
lowing relation: 

useless for applications requiring precise measure-
ments such as those with which we are concerned . 

When de tec tor 28 is of the solid state silicon type; the 
beta part icles are a t tenuated in the silicon s t ructure , 
causing a cascade of low energy electrons to be emit-
ted. In this case the de tec tor ou tput is a varying voltage 
signal having a magni tude proport ional to the count 
rate of the signal; i.e., a signal of the type generated in 
pulse rate integrator 98 in the circuitry shown in FIG. 

10- 5. 

Term B of Equat ion ( 2 9 ) in contras t to constant K, 
of Equation (1) , does not take into account the emit-
ter-detector distance, the molecular weight of the gases 
subject to tempera ture measurement , o r the gas con-
stant of the gases, all of which are accounted for in con-
stant K r as is apparent f r o m Equation ( 1 ) and the gen-
eral gas law: 
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20 

(31) 

30 
where 

M is the molecular weight for the gases subjected to 
t empera tu re measurement , and 

R is the gas constant for those gases. 
Similarly, Equation (29 ) does not take into account 

the cooling effect of purge air. 
Nor does Morley's equat ion provide any compensa-

tion for the polychromatic character of the energy pos-
sessed by the beta particles emitted f rom the radiation 
source. 

In short, circuitry which solves Equat ion (29 ) is not 
capable of providing a signal indicative of gas tempera-
ture. Nor is it accurate , especially in applications where 
purge air has an effect . 

It is also significant that the "pr ior a r t " apparatus dis-
closed in the Marx Patent is not suitable for measuring 
the t empera tu re of gases, especially in applications 
such as those for which tha t disclosed herein is part icu-
larly intended. The Marx appara tus involves the deter-
mination of the mean range r of part icles in gases. 

The statistical nature of nuclear radiat ion is such that 
the uncertainty of the signal J for a one sigma error , is: 

AJ = J 

(32) 
Thus, as J approaches zero for reaching the ult imate 
range r ( endpoin t ) , the statistical quanti ty 

35 

In view of the na ture of the detec tor output , the 
somewhat simplified circuitry 112 shown in FIG. 6 can 
be employed when a solid state silicon type of de tec tor 
is used and when the de tec tor is of any other type in 
which the count rate is integrated in the de tec tor itself. 

The pulse discriminator discussed above has not been 
shown in FIG. 6. It may of course be employed al-
though it may not be necessary as noise due to statisti-
cal variations of the emission of beta particles f rom 
emitter 26 has not been observed when solid state sili-
con detec tors were employed in tempera ture measur-
ing appara tus of the type described herein. 

The circuitry 112 of FIG. 6 solves the equation 

25 

(33) 

approaches one, the signal disappearing into the noise. 
Even long before this occurs , the signal-to-noise ratio 
becomes so small that the signal ob ta ined is meaning-
less. Hence r cannot be experimentally measured to 
any accura te extent , and the Marx appara tus would be 

T = 
bP 

n—In J' (34) 

where 
T is as defined above, 
b is the system constant equivalent to K, and is also 

related to the inverse of the gas constant , 
a is the equal to lnJ ' „ , where J '„ is the signal which 

would be emitted f rom the detec tor if a vacuum ex-
isted between the emit ter and de tec tor , 

J ' is the detector and output signal. 
Since T is also equal to 
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K,P 

K,P 
K, - log J 

- log J 

hP 
a—In J ' (35) 

That is, whether the operat ion of the t empera tu re mea-
suring appara tus is in the pulse mode or the cur ren t 
mode, the form of the equat ion solved in the analog cir-
cuit is the same. The analog circuitry of FIG. 6 may ac-
cordingly be essentially identical to the analog section 
34 of the apparatus 12 shown in FIG. 5, and the same 
re fe rence characters pr imed have accordingly been 
employed to identify its components . 

To this point, the discussion of our invention has 
been conf ined to tempera ture measurement by use of 
a single emit ter-detector a r rangement . As shown in 
FIG. 1, multiple emit ter-detector a r rangements may be 
employed, if desired, to provide an even more accura te 
indication of average gas tempera ture . In the arrange-
ment shown in FIG. 1, the magni tude of the t empera-
ture signal T is the average of the gas tempera ture over 
the four pa ths 89«-89c/ between emit ter -detec tor com-
binations 26a -28a , 26b-2$b, 26c-28c\ and 26d~2Sd (a 
larger or smaller number of emit ters and detectors may 
of course be employed as desired). 

More specifically, in the pulse mode of operat ion, for 
example, the detectors 28a-28d generate four signals 
Ci , C2 , C 3 , and C4. Signals C, and C 2 are added at sum-
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ming junction 114; and signals (C j + C 2 ) , C3 , and C 4 are 
added at summing junction 116. This produces a pulse 
type signal C, which is then processed in the manner 
discussed above. 

In the current mode, the operation of a multiple sens- 5 
ing arrangement would be essentially the same except 
that the input to the analog circuitry would have the 
value J=Jt+J-,+Jx+JA, . . . Js where each of the compo-
nent signals J,, J2, . . . J.v is the output f rom a detector 
of the solid state silicon type or the equivalent. 10 

It will be apparent from the foregoing that the novel 
temperature measuring apparatus of the present inven-
tion has general applicability to the measurement of gas 
temperatures. Therefore , as indicated previously, all 
applications of the present invention not expressly ex- 15 
eluded from the appended claims are intended to be 
covered therein. 

The invention may be embodied in other specific 
forms without departing from the spirit or essential 
characteristics thereof. The present embodiments are 20 
therefore to be considered in all respects as illustrative 
and not restrictive, the scope of the invention being in-
dicated by the appended claims rather than by the fore-
going description, and all changes which come within 
the meaning and range of equivalency of the claims are 25 
therefore intended to be embraced therein. 

What is claimed and desired to be secured by Letters 
Patent is: 

1. Appara tus for producing a signal indicative of the 
temperature of a heated gas, comprising: a beta particle 30 
emitter; means including a beta particle detector for 
generating a first signal indicative of the attenuation of 
the beta particles in a body of gas located between said 
emitter and said detector; pressure t ransducer means 
for generating a second signal indicative of the pressure 3 5 

on the body of gas; and means having as inputs said first 
and second signals for producing a third signal indica-
tive of the average temperature of said gas along a path 
between said emitter and said detector. 

2. The signal producing apparatus of claim 1, 4 0 

wherein the beta particle emitter is selected from the 
group consisting of nickel 63; carbon 14; promethium 
147; krypton 85; thallium 204; phosphorous 32; stron-
tium, yttrium 90; and ruthenium, rhodium 106. 

3. The signal producing apparatus of claim 2, 
wherein the beta particle emitter is krypton 85. 

4. The signal producing apparatus of claim 1, 
wherein said detector is disposed at a location removed 
from said body of gas and including means for conduct-
ing beta particles from said body of gas to said detector 
and means for preventing foreign matter f rom being de-
posited on said beta particle emitter and on the con-
ducting means. 

5. The signal producing apparatus of claim 1, to- 5 5 

gether with means for cooling said detector to thereby 
keep it f rom being overheated. 

6. Apparatus for producing a signal indicative of the 
temperature of a heated gas, comprising a beta particle 
source; a detector disposed in spaced relationship to ^ 
and aligned with said source, said detector being de-
signed to generate an output signal each time a beta 
particle impinges thereon, whereby the detector output 
signals constitute a count of the particles striking the 
detector; pulse discriminator means for separating sig- 6 5 

nals indicative of noise f rom those generated by said 
detector; means for converting the detector output sig-
nals to a varying voltage signal indicative of the detec-

2 3 8 

2 0 
tor count rate; means for converting the count rate sig-
nal to one which is indicative of the density of a body 
of gas located between said source and said detector; 
t ransducer means for generating a signal indicative of 
the pressure on said body of gas; and means for dividing 
said pressure signal by said density signal to thereby 
produce a signal indicative of the average temperature 
of said body of gas along a path between the beta parti-
cle source and the detector. 

7. The apparatus of claim 6, wherein the means for 
converting the particle count signals to the varying 
voltage count rate signal is incorporated in said detec-
tor. 

8. The apparatus of claim 6, wherein the means for 
converting the varying voltage count rate signal to the 
density signal comprises means for converting said 
count rate signal to a signal indicative of the logarithm 
of the count rate; means for generating a reference sig-
nal indicative of the logarithm of the count rate of the 
particles emitted f rom the beta particle source at a se-
lected temperature and pressure in a given gas or gas 
mixture and means for subtracting the logarithmic de-
tector count rate signal f rom the logarithmic reference 
signal count rate at the selected temperature and pres-
sure and in the same gas or gas mixture. 

9. The apparatus of claim 8, wherein the means for 
generating the reference signal comprises means for 
generating a signal having the value J10 where J , 0 = 
J„e + «P o s 

where 
J„ is the detector generated count rate at a selected 

temperature T„, a selected pressure P„, and a se-
lected gas density p„, 

a is an effective attenuation constant for the beta 
particle source, and 

S is the distance through of the body of gas to be 
monitored, which is traversed by the beta particles. 

10. The apparatus of claim 6, wherein the means for 
converting the varying voltage count rate signal to the 
density signal comprises means for converting said 
count rate signal to a signal indicative of the logarithm 
of the count rate; means for generating a signal indica-
tive of the logarithm of the count rate in vacuo of the 
particles emitted from the beta particle source; and 
means for subtracting the logarithmic detector count 
rate signal from the logarithmic in vacuo count rate sig-
nal. 

11. The apparatus of claim 6, wherein the means for 
dividing the pressure signal by the density signal is 
means for performing the operation 

K,P -r- (K» - log J) 

where 

T„ 
K. = p^— ap„S, 

T„ is a standard temperature , 
P0 is a standard pressure, 
a is the attenuation constant for the beta particle 

emit ter being used, 
p„ is the density of the gas at temperature T 0 and 

pressure P„, 
S is the distance the beta particles traverse in the re-

gion where the gas temperature is measured, 
P is the measured static pressure on the gas, 
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K,P - K 2 + log C' - log J 

where: 

K , = 

20 
J is the detector generated particle count rate, and 
K2 = log J l u + log C where C is a constant which com-

pensates for the polychromatic character of the 
beta particles emitted from the beta particle emit-
ter and 5 

J,„ is the maximum particle detector generatable 
count rate. 

12. The apparatus of claim 6, wherein the means for 
dividing the pressure signal by the density signal is 
means for performing the operation 10 

15 

ap„S. 

where 
T„ is a standard temperature, 
P„ is a standard pressure, 
a is the attenuation constant for the beta particle 

emitter, 
p„ is the density of the gas at temperature T 0 and 

pressure P„, 
S is the distance between the beta particle emitter 

and the beta particle detector, 
P is the measured static pressure on the gas, 
J is the detector generated particle count rate, and 
J„» is the maximum practically possible signal gener-

ated by the beta detector. 
16. The apparatus of claim 15, wherein the spatial re-

lation between the beta particle emitter and the beta 
particle detector with respect to the body of gas there-
between is such that 

T„ is a standard temperature , 
P„ is a standard pressure, 
a is the attenuation constant for the beta particle 

emitter, 
p„ is the density of the gas temperature T0 and pres-

sure P„, 
S is the distance the beta particles traverse in the re-

gion where the gas temperature is measured, 
P is the measured static pressure of the gas, 
J is the detector generated particle count rate, 
K2 = log J1 0 + log C where C is a constant which com-

pensates for the polychromatic character of the 
beta particles emitted from the beta particle emit-
ter and Jio is the maximum detector generatable 
count rate, and 

C ' is a constant which compensates for the attenuat-
ing effect of gases other than that subjected to tem-
perature measurment on the particles emitted from 
the beta particle emitter with 0.9 =s C 1.0. 

13. The apparatus of claim 6, together with means 
connected to said signal dividing means and activatable 
by the output signal therefrom to produce a digital 
readout indicative of the average temperature of the 
gases between the beta particle source and the beta 
particle detector. 

14. The apparatus of claim 6, together with means 
connected to said signal dividing means and activatable 
by the output signal therefrom to provide a visual dis-
play of transients in the temperature of the gas between 
the beta particle source and the beta particle detector. 

15. Apparatus for producing a signal indicative of the 
average temperature of a heated gas, comprising: a 
beta particle emitter; means including a beta particle 
detector disposed in spaced relation to and aligned with 
said emitter for generating a first signal indicative of 
the attenuation of the particles emitted from said beta 
particle emitter in a body of gas located between said 
emitter and said detector; means for generating a sec-
ond signal indicative of the pressure on said gas; and 
means having as inputs said first and second signals for 
producing a signal which is indicative of the average 
temperature of the gas along a path between the beta 
particle emitter and the beta particle detector and has 
a magnitude determined by the algebraic fraction 

P o . a p o S . P 
T 0 I n 10 

l o g J i n - l o g J 

0.40 < dApS < 3 . 6 0 , 

where 
Ap is the change in density of the gases subjected to 

temperature measurement along the path traversed 
by the beta particles between the beta particle 
emitter and the beta particle detector, and 

S^p is the distance over which Ap changes from 
the density of the gases at: a standard temperature 
and pressure. 

17. The apparatus of claim 15, wherein the signal 
producing means is capable of generating a signal hav-
ing a magnitude determined by an algebraic expression 
as aforesaid, but also having in the denominator thereof 
the expression + log C where C is a constant which 
compensates for the polychromatic character of the 
beta particles emitted from the beta particle emitter. 

18. The apparatus of claim 17, wherein C = 1.1 ± 2 5 
percent of 1.1. 

19. The apparatus of claim 15, wherein the signal 
producing means is capable of generating a signal hav-
ing a magnitude determined by an algebraic expression 
as aforesaid, but also having in the denominator thereof 
the expression + log C ' where C ' is a constant which 
compensates for the attenuating effect of gases other 
than that subjected to temperature measurement on 
the particles emitted from the beta particle emitter. 

20. The apparatus of claim 19, where 0.9 =s C' =£ 
1 . 0 . 

21. The apparatus of claim 15, wherein the signal 
producing means is capable of generating a signal hav-
ing a magnitude determined by an algebraic expression 
as aforesaid, but also having in the denominator thereof 
the expression log C + log C where 

C ' is a constant which compensates for the attenuat-
ing effect of gases other than that subjected to tem-
perature measurement on the particles emitted 
from the beta particle emitter, and 

C is a constant which compensates for the polychro-
matic character of the beta particles emitted f rom 
the beta particle emitter. 

22. The apparatus of claim 21, where 0.9 =s C ' =s 
1.0. 

23. Apparatus for producing a signal indicative of the 
average temperature of a heated gas, comprising: a 
beta particle emitter; means including a beta particle 
detector disposed in spaced relation to and aligned with 
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20 
said emitter for generating a first signal indicative of 
the at tenuation of the particles emitted from said beta 
particle emitter in a body of gas located between said 
emitter and said detector; means for generating a sec-
ond signal indicative of the pressure on said gas; and 5 
means having as inputs said first and second signals for 
producing a signal which is indicative of the average 
temperature of the gas along a path between the beta 
particle emitter and the beta particle detector and has 
a magnitude determined by the algebraic fraction 10 

o . q p p S ' P 

l n J 1 0 - I n J 15 

where 
T„ is a standard temperature , 20 
P„ is a standard pressure, 
a is the attenuation constant for the beta particle 

emitter, 
p„ is the density of the gas at temperature T„ and 

pressure P„, 25 
S is the distance the beta particles traverse in the re-

gion where the gas temperature is measured, 
P is the measured static pressure on the gas, 
J is the detector generated particle count rate, 
J10 is the maximum detector generatable count rate 3 0 

with ln J,o = l n J„ + ap„S, 
and 

J„ is the count rate generated by the detector at P,„ 
T„, p„. 

24. The apparatus of claim 23, wherein the spatial re- 3 5 

lation between the beta particle emitter and the beta 
particle detector with respect to the body of gas there-
through is such that 

0.40 < apS ^ < 3.60, 

where 
Ap is the change in density of the gases subjected to 

temperature measurement along the path traversed 
by the beta particles between the beta particles 
emitter and the beta particle detector , and 

SA p is the distance over which Ap changes f rom 
the density of the gases at a s tandard temperature 
and pressure. 

25. The apparatus of claim 23, wherein the signal 
producing means is capable of generating a signal hav-
ing a magnitude determined by an algebraic expression 
as aforesaid, but also having in the denominator thereof 
the expression + 1»C where C is a constant which com-
pensates for the polychromatic character of the beta 
particles emitted from the beta particle emitter. 

26. The apparatus of claim 25, wherein C = 1.1± 25 
percent of 1.1. 

27. The apparatus of claim 23, wherein the signal 
producing means is capable of generating a signal hav-
ing a magnitude determined by an algebraic expression 
as aforesaid, but also having in the denominator thereof 
the expression - H h C ' where C ' is a constant which 
compensates for the at tenuating effect of gases other 
than that subjected to temperature measurement on 
the particles emitted from the beta particle emitter. 

28. The apparatus of claim 27, where 0.9 =s C ' « 
1.0. 

45 

29. The apparatus of claim 23, wherein the signal 
producing means is capable of generating a signal hav-
ing a magnitude determined by an algebraic expression 
as aforesaid, but also having in the denominator thereof 
the expression 1 nC + 1 nC' where 

C is a constant which compensates for the at tenuat-
ing effect of gases other than that subjected to tem-
perature measurement on the particles emitted 
from the beta particle emitter, and 

C is a constant which compensates for the polychro-
matic character of the beta particles emitted from 
the beta particle emitter. 

30. The apparatus of claim 29, where 0.9 « C ' =s 
1.0. 

31. The apparatus of claim 30, where C = 1.1 ± 2 5 
percent of 1.1. 

32. The apparatus of claim 29, where C = 1.1 ± 2 5 
percent of 1.1. 

33. Apparatus for producing a signal indicative of the 
average temperature of a heated gas, comprising: a 
beta particle emitter; means including a beta particle 
detector disposed in spaced relation to and aligned with 
said emitter for generating a first signal indicative of 
the at tenuation of the particles emitted from said beta 
particle emitter in a body of gas located between said 
emitter and said detector; means for generating a sec-
ond signal indicative of the pressure on said gas; and 
means having as inputs said first and second signals for 
producing a signal which is indicative of the average 
temperature of the gas along a path between the beta 
particle emitter and the beta particle detector and has 
a magnitude determined by the algebraic fraction 

o . a P p S - P 

o 
In J + a 0 o S - i n J 

where 
T„ is a standard temperature , 
P„ is a standard pressure, 
a is the attenuatiaon constant for the beta particle 

emitter, 
Po is the density of the gas at temperature T 0 and 

pressure P„, 
S is the distance the beta particles traverse in the re-

gion where the gas temperature is measured, 
5 0 P is the measured static pressure on the gas, 

J is the detector generated particle count rate, and 
J„ is the count rate generated by the detector at P0, 

T„, p„. 
34. The apparatus of claim 33, wherein the signal 

producing means is capable of generating a signal hav-
ing a magnitude determined by an algebraic expression 
as aforesaid, but also having in the denominator thereof 
the expression + 1 « C where C is a constant which com-
pensates for the polychromatic character of the beta 

6 0 particles emitted from the beta particle emitter. 
35. The apparatus of claim 34, wherein C = 1.1 ± 2 5 

percent of 1.1. 
36. The apparatus of claim 32, wherein the signal 

producing means is capable of generating a signal hav-
6 5 ing a magnitude determined by an algebraic expression 

as aforesaid, blit also having in the denominator thereof 
the expression + 1 h C where C ' is a constant which 
compensates for the attenuating effect of gases o ther 
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than that subjected to temperature measurement on 
the particles emitted from the beta particie emitter. 

37. The apparatus of claim 36, where 0.9 =£ C ' 
1 . 0 . 

38. The apparatus of claim 33, wherein the signal 
producing means is capable of generating a signal hav-
ing a magnitude determined by an algebraic expression 
as aforesaid, but also having in the denominator thereof 
the expression 1/iC + b i C ' where 

C ' is a constant which compensates for the attenuat-
ing effect of gases other than that subjected tb tem-
perature measurement on the particles emitted 
from the beta particle emitter, and 

C is a constant which compensates for the polychro-
matic character of the beta particles emitted from 
the beta particle emitter. 

39. The apparatus of claim 38, where 0.9 « C" ^ 
1 . 0 . 

4 , 2 3 8 
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40. The apparatus of claim 38, where C = 1.1 ± 2 5 

percent of 1.1. 
41. The apparatus of claim 33, wherein the spatial re-

lation between the beta particle emitter and the beta 
5 particle detector with respect to the body of gas there-

between is such that 

0.40 <<*ApSA < 3.60, 
AP 

where 
1 0 Ap is the change in density of the gases subjected to 

temperature measurement along the path traversed 
by the beta particles between the beta particle 
emitter and the beta particle detector, and 

15 ^AP is the distance over which Ap changes from 
the density of the gases at a standard temperature 
and pressure. 
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