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ABSTRACT
An experiment was performed to measure the luminosity in air which
accompanies the ionization generated by reactor radiations. Using the
Bulk Shielding Reactor as the source of radiation, the light output of an
enclosed volume of air was measured as a function of the air pressure, the
time after reactor shutdown, and the water thickness between the enclosed
volume and the BSR face. It was found that the light given off at a given
air pressure was roughly proportional to the gamma~ray dose rate. At a
pressure of 1 atm, the light production im #ir was found to be (8 + 4) x 10~
[‘lumen/cc)/(r/hri]. Argon has a comparsble luminous efficiency. While a

radiation-induced air glow around a nuclear-powered aircraft will depend

15

upon the reactor-shield design, light emitted from the region around a
typical nuclear-powered aircraft is estimated to be equivalent to that of
a i‘twatt tungsten lamp.

-1-



I. INTRODUCTION AND SURVEY OF LITERATURE

The operational usefulness of any nuclear-powered aircraft depends to
some extent upon any peculiar properties it may possess with respect to its
own detection. The effect of the ion cloud produced in the vicinity of the
alrcraft upon the propagation of radio waves has been considered,l but in
recent times more attention has been given to the visible light which might
be produced. The importance of this light output varies according to the
time of day and lunar month, and to some extent upon the ease with which
nuclear-powered aircraft can be detected by radar. Presumably the light
given off would,Be considered important if the casual observer could detect
a nuclear-powered aircraft high in the night sky. 1

The problem of radiation-induced air glow has been treated directly in
23 Weltonh based an estimete of the intensity
of the light around & reactor upon the assumption that the radiated light

the past by several authors.

per unit energy emitted from ion recombination would be constant over the

energy range from O to 30 ev, and zero elsewhere. He then took the fraction
of this total spectrum vwhich would be within the "visible" region and found
that the luminous efficiency of the air glow should be about 0.05. That is,
5% of the energy dissipated by the reactor as ionization in the air would

eventually find its way into the region of the spectrum visible to the human
eye. Fa.ulkner3 obteined an estimate of the luminous efficiency by considering

observations which have heen reported5

on the visual appearance of polonium
alpha-ray source. This estimate resulted in a value of 2 x 10-9 for the
luminous efficiency. The wide variation between these estimates led to the

experiment here descriﬁed.

1. P. R. Bell, "Effect of Atmospheric Ionization on Transmission of Radio
Waves Near a Nuclear Power Plant, " RAD-269 (Aug. 4, 1947).
2. C. E. Moore, "Visual Detectability of Aircraft at Night, " LAC-15
(Aug. 14, 1953).
. J. E. Faulkner, "Visible Light Produced in Air Around Reactors, "
ORNL-CF-54-8-99 (Aug., 1954).
T. A. Welton, as quoted by C. E. Moore, op. cit.
J. G. Hoffman, "Radiation Doses in the Pajarito Accident of May 21, 1946, "
LA-687 (May 26, 1948).

v oE W
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In addition to the direct estimates made of & reactor-induced air glow,
a considerable amount of other information is available on the production
of light by ionizating radiation in gases. This information may be clas-
sified into two groups. The first group includes measurements made of the
spectrum of light produced in air by alpha particles or gamma rays, and the
second group consists mostly of measurements made on individual photon
emissions from an irradiated gas. The results of these two types of in-
vestigations are summarized below.

One spectral measurement was attempted by Ortner and Salim,6 who used
a b-mc polonium alpha particle source. They succeeded in obtaining some
date, but gave no numerical relative intensity measurements. They did ob--
serve a coarse unidentifiable band structure which contained strong com-
ponents in the medium and longer wave-length regions of the visible spectrum.

7

have more recently measured the light emission spectrum

from a water solution containing about 6000 curies of the Balho-Lalho

Drummeter and Curico

parent-daughter combination. A periscope arrangement was used to allow the
spectrometer to view the air glow around the solution through a focussing
mirror system. However, apparently the solution was contained in a trans-
parent container, so this spectrum included not only the light produced in
air but also that produced in the water in which the radioactive material
was dissolved. These investigators discovered a continuous spectrum upon
which a number of readily observable bands were superimposed. Twelve of
these bands were identified with experimental error to correspond to the
bands from molecular nitrogen excitation, all but one of them originating in
un-ionized nitrogen. All these identified bands are in the violet or blue,
but it should be noted that the continuous spectrum became very strong in the

longer wave-lengthregion. The plates used apparently were not sensitive above

6. G. Ortner and S. Salim, "Light Emission from Polonium, " Nature 169,
1060 (June 21, 1952). -

7. L. F, Drummeter, Jr., and J. A. Curico, "A Spectrum of the Glow from
a Radioactive Source, " NRL-4583 (June 24, 1955). :




.

about 5000 2. The presence of the water as a light source in these measure-
ments confuses further interpretation.

The workerss’g who studied the emission of visible light photons from
alpha particle-irradiated gases used photomultiplier tubes. Their results
may be summarized as follows:

1. 1If an electric field is impressed across an irradiated volume of

gas, the intensity of light emission does not change. This
implies that ion recombination is not an important process for
light production.

2. Gases such as O2 and CO2 have quantum yields of visible or near-

visible light many times (about 100) smaller than N

2
Thus pure nitrogen would be expected to give the same photon

» Ap or He.

emission as air. This was observed.

3. For a given gas and pressure, the light output is proportional to
the amount of ionization in the gas.

k. The lifetime of the excited states responsible for the production
of visible light is less than 10~° sec.

5. The light output as a function of pressure for nitrogen showed9 a
saturation phenomenon which can be represented by the equation

AP

Rate of photon emission = T+

vhere A and K are coﬁstants, and P is the pressure of nitrogen.
The determined constants were such that the light production became
stationary for pressures above 20 cm Hg. A formula of the type
given above may be obtained analytically under the assumption
of collision-quenching of fluorescence in excited gas molecules.

6. In one case8 the quantity of light emission from air at normsl
pressure was reported to be about 105 photons/alpha particle.

8. A. E. Griin and E. Schopper, "Uber die Fluoreszenz von Gasen bei
Anregung durch q-Teilchen," Z. Naturf. 6a, 698-700 (Aug. 1951).

9. A. Ward, "The Emission of Light in the Passage of Alpha Particles
Through Gases, " Proc. Phys. Soc. (London) A67, 841-4% (Sept. 1954).
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The photons were thought to have energies corresponding to wave
lengths between 3000 & and 4000 8. 1In the other case,9 a result
of 150 "equivalent photons" per alpha particle was given. An
equivalent photon is one having a wave length equivalent to the
maximum of the photomultiplier spectral sensitivity, so the true
number of photons per alpha particle must be much larger than
150. The spectral distribution of the photon source was not
estimated.
In the experiment reported on the following pages the luminosity of a
small body of air near the Bulk Shielding Reactor was observed through a
periscope in the expectation that the results could be extrapolated to the

case of a reactor and reactor shield entirely surrounded by air.



II. EXPERIMENTAL APPARATUS

The experimental apparatus consisted of the water-reflected Bulk Shield-
ing Rea.ctorlO which served as the source, an adjacent air-filled aluminum
tube resembling a simple periscope, and light detectors which were located
above the pool water level at the upper end of the air-filled tube (see
Fig. l). This tube, which is referred to as the "glow scope, " was con-
structed with bends so that no straight-line void, which would constitute a
personnel hazard during the measurements, was formed through the water shield.
The two mirrors used at the bends were aluminized on the front surfaces and
blackened on the edges to prevent the escape of light from the interior of
the glass. All of the material exposed to the high radiation field near the
bottom of the tube was 25 aluminum. The distance between the reactor and
the end of the glow scoPeAwas readily variable, allowing the measurement.of
the attenuation through water of whatever reactor radiation might cause any
observed luminosity. ‘

The glow scope was connected to a pair of mechanical vacuum pumps so
that the air pressure inside the tube, which was measured with oil and/or
mercury manometers, could be varied. All air introduced into the tube was
thoroughly dried with calcium sulphate and phosphorus pentoxide drying tubes
arranged in series. Gases other than air could also be introduced into the
tube either directly from gas cylinders or through the drier. A lucite
pressure seal at the top of the tube protected the light detection apparatus
from pressure fluctuations.

Three types of detectors were used to measure the light from the air
glow: the human eye, a fast spectrograph, and photomultiplier tubes. The
eye has a strong advantage in that visibility to the eye of the flying
aircraft is the final criterion. However, the lack of quantitative response
under the conditions imposed by the experiment made the eye useléss éxcept
in an extremely qualitative way.

The spectrograph offered a firm method of obtaining good information
about the light spectrum, which data might be most important in any attempt

10. This reactor has been described in various reports; see, for example,
W. M. Breazeale, "The New Bulk Shielding Facility at Oak Ridge National
Laboratory, " ORNL-991 (May 8, 1951).

6=
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to analyze the process of light production; however, spectrographic tech-
niques generally do not have a high sensitivity, and absolute'photographic
intensity measurements are in any case quite difficult. Eastman 103-F
spectroscopic film and various process films were used in attempts to. measure
the light spectrum with an f/l,l low dispersion spectrograph.* Light arriving
at the end of the tube was focussed approximately upon the slits of this
instrument by a large condensing lens having the diameter of the aluminum
tube. The spectrograph was successfully calibrated using the lines of the
mercury spectrum, but several attempts to measure the air glow spectrum
failed completely because of the lack of sufficient intensity.

Photomultiplier tubes seemed to be the best means of obtaining quantita-
tive data on the behavior of the light output as a function of the parameters
that could be varied in the experiment, as well as the most convenient method
of obtaining an ebsolute value for the luminosity produced. In general, any
light produced in the glow scope could be detected by a photomultiplier tube
mounted at the upper end of the glow scope. The photomultiplier tube and
the end of the aluminum tube were enclosed in a large dry ice chest which
maintained the photoéathode at a reasonably constant low temperature. This
procedure greatly reduced the dark current in the photomultiplier, which
current was monitored at frequent intervals throughout the experiment by
closing the light shutter shown in Fig. 1.

Figure 2 shows a block diagram of the electronic apparatus. A well-
stabilized scintillation counter high-voltage supply was used to ensure
that the drift from this source was negligible. The voltage-dropping
resistors for the multiplier dynodes were mounted outside the ice chest
containing the phototube to prevent possible phototube gain drifts caused by
the temperature coefficient of these resistors. The current from the
multiplier anode was measured with a high-sensitivity lLeeds and Northrup D.C.
microammeter having chopper stabilization. The most sensitive scale on this

instrument read full scale for an input current of 10-9 amp, so readings

*¥The authors are indebted to the ORNL Biology Division, particularly to
W. A, Arnold, for the loan of their spectrograph.
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could be obtained for currents as small as lO"ll amp. The continuous
recording of the microammeter output on a Brown potentiometer permitted
ready determination of the degree of stability of the current readings.

Any discussion of the quantitative use of a photomultiplier tube to
measure a light intensity must deal with the spectral sensitivity of the
tube used, and also with its sensitivity relative to noise. In this experiment
the approéch to these problems depended upon the type of measurement being
made. One type of measurement was for the determination of the source of
the air glow, so that proper extrapolation might be made to the case of an
operating reactor. This type of measurement necessitated the variation of
parameters which would induce wide variations in the light output; therefore,
a detector with high sensitivity was required. Another tjpe of measurement
was for an absolute determination of the luminosity for & known nuclear
radiation field. This absolute determination required only a detector
sensitive enough to obtein one reading under conditions of maximum light
output. With a photomultiplier tube the optimum sensitivity is obtained
using that voltage across the tube which yields the highest ratio of photo-
current to thermionic dark current for a given light source. Since the
optimum high voltage for a given tube is usually sbout 500 v or less, the
useable photomultiplier current-gain is limited.

For those measurements requiring large variations of light intensity an
RCA type C-7140A photomultiplier tube was used. This tube is particularly
sensitive in the violet end of the spectrum, and therefore possessed a high
sensitivity relative to dark current. If the spectrum of the air glow had
been known, then this detector could have been used and the analysis com-
pleted. Without this spectrum a tube with such characteristiqs could not be
used for the absolute measurement of luminosity, however, because for such s
measurement each portion of the light spectrum incident upon the detector
must be weighed according to the sensitivity of the eye at that wave length.
This weighing is very difficult, particularly because of the Purkinje effect,
vwhich is the shifting of the whole spectral sensitivity of the eye toward the
violet under conditions of low light intensity.
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The method used for the absolute determination of the luminosity of the
air in the glow scope was an attempt to reproduce the spectral sensitivity
of the eye with a photomultiplier tube. This was accomplished by the use of
an RCA-6217 photomultiplier tube coupled with Corning filters Nos. 3307 and
3339. Figure 3 compares the relative spectral sensitivities of the eye for
surface brightnesses of 1 and lO_5 millilamberts with the two photomultiplier
detectors described above. Also shown is the emissivity of a black body of
2000°K. The latter is shown because the "eye sensitive" photomultiplier
tube was given an absolute calibration by placing a Westinghouse No. 49
pilot lamp at the lower end of the glow scope. Calibration in this manner
presumably cancels out any effects due to the mirrors, reflection along the
walls of the tube, etc. This assumption is not strictly true because the
reflectivity of aluminum is a function of wave length. Similarly, the curve
in Fig. 3 representing the response of the CT1lUOA tube is not quite accurate
because light corresponding to the extreme violet end of the sensitivity curve
shown would have difficulty in reaching the detector from the far end of the
glow scope because of the decrease in the light reflectivity of aluminum at

short wave lengths.
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Fig. 3. Relative Spectral Sensitivities of Light Detectors Used, Together with Relative Emissivity of a

“Black Body" at 2000°K.

The two curves showing the relative spectral sensitivity of the eye at two levels of surface brightness
illustrate the Purkinje effect (Ref. 11). Neither photomultiplier tube has been modified in nominal spec-
tral response to take into account reflectivity of the periscope mirrors or the glow scope walls. This
effect is likely to be most important for the blue-sensitive C 7140A photomultiplier. The nominal re-
sponse of the red-sensitive 6217 photomultiplier, with filters, was taken in this experiment to be pro-
portional to that of the eye. This approximation is valid only if the predominant light source is centered
in the visible spectrum. As indicated in the text, the observed response of the blue-sensitive tube seems

to limit the error possible from this source.




III. QUALITATIVE RESULTS

Several attempts were made to observe visually the light from the upper
end of the glow scope. At the maximum reactor power of 100 kw a faint light
could be seen with the tube filled with air at 1 atm pressure, provided the
observer had allowéd himself adequate ( As30 min) time for dark adaption.
The color of this light could not definitely be ascertained, although two of
the observers felt that it was blue in color. This expression of color
perception cannot be considered definitive because of the well-known
inability of the eye to distinguish colors under conditions of minimum
light intensity.

The measurements with the optical spectrometer were not successful using
either Eastman-type 103F film or the more common process films. Exposures
as long as 2 hr were made at a reactor power of 100 kw and 1 atm gas pressure
in the glow scope, but no perceptible darkening of the film was apparent.
This failure might be reversed if a future attempt were made at a reactor
power of 1 Mw using a film of higher sensitivity, and one for which the
reciprocity law does not fail badly for exposures of about th sec. Such a
film as Eastman 103-a D would possess these features.

Measurements made with the violet-sensitive photomultiplier tubes were
largely successful, and the paragraphs below will deal with the successive ex-
periments performed to determine what radiation is responsible for the glow.

A comparison,of the decay of the air glow with time after shutdown to
the decay of gamma rays emitted by the reactor and detected with an ioniza-
tion chamber is made in Fig. 4. For these measurements of the decay of the
air glow, the glow scope was held against the face of the reactor and was
filled with air at a pressure of 30 cm Hg. The rather close correspondence
between these curves, which were normalized on the flat sections corresponding
to times before shutdown, suggests that at least the major portion of the
nuclear air glow is produced by gamma radiation. The neutron flux decays
much more repidly with time. Corresponding plots for air pressures of 20
and 70 cm Hg showed similar behavior.

In another series of measurements the intensity of the air glow as a

function of the water thickness between the reactor face and the lower

-13-
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on the flat portions of the curves prior to the reactor shut-
down.
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end of the glow scope was determined. The attenuastion in the water of the
radiation producing the air glow is compared with the known attenuation of
gamma, rays and neutrons in Fig. 5. The contrast between the glow scope
measurements and the fast-neutron data is marked, while the gamma-ray at-
tenuation curve is similar to the glow scope measurements. The problem of
"center of detection" for the glow scope was & very severe ohe, so the exact
shapes of the curves would not be expected to be identical.

One series of measurements was made with argon rather than air in the
glow scope tube in order to determine any major change in light output which
might occur using a noble gas in the tube. As may be seen from Fig. 6, in
which the light current is plotted as a function of pressure in the glow
scbpe, the light output with argon in the tube differs 1ittle from that with
air in the tube. This is to be contrasted with a Pprediction made by Fa.ulkner,2
but is in agreement with the work of other authors. Observations were not
made with argon at higher pressures because of the bothersome induced radio-
activity.

The curve for air in Fig. 6 has experimental roints between atmospheric
pressure and lO_2 cm of Hg. This curve is a compilation of several runs,
some made by increasing the pressure in steps and some made by reducing the
bressure. For such measurements the readings below a pressure of about
10 cm Hg were reproducible and quickly settled down to a constant and stable
velue. Above a pressure of about 10 cm Hg, however, the readings drifted for
times up to an hour before a constant output current was reached. The points
80 obtalned were not- reproducible with the eccurecy to be expected from the
experimental equipment. Thus the three points at atmospheric pressure in
Fig. 6 differ by as much as 10%. 1In spite of these deviations it is apparent
that the pressure curve has a maximum at a Pressure of sbout 20 cm Hg. As is
shown on the altitude scale in the upper portion of Fig. 6, this pressure
corresponds to an altitude of about 35,000 ft.

In an attempt to determine if the maximum in the pressure vs. light curve
originated in some self-absorption process, the glow scope was positioned
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against a constant light source and the glow intensity was measured as a
function of the air pressure in the glow scope. This light source, which -
was presumed to be similar in nature to the nuclear air glow, was made by
causing a discharge in an air-filled proportional counter with a transparent -
mica window. No apparent variation in glow intensity with pressure was
observed.

The results obtained uéing the C7140-A photomultiplier tube may be
summarized by a statement that the reactor gamma rays do induce a glow in
the air, the glow for a given air pressure being reasonebly proportional to
the gamma-ray dose.

It should be noted that no satisfactory explanation has been given here
for two experimental observations of possible importance. One is the shape
of the relationship between light output and gas pressure. This is not a
linear‘relationship even though the energy absorbed from fast electrons must
be nearly proportional to the density of gas atoms. The other anomaly is
the mentioned long-term drift of the light output. These two anomalies may
originate in some spurious characteristic of the experimental apparatus, but
many attempts to find such a difficulty failed. It therefore appears that
these anomalies should not be ignored, since they comprise the largest
single unknown factor in the absolute measurement of luminosity described
in the following section. The emission of visible light from an ionized gas -
is a complicated phenomenon. If, for instance, a study of this phenomenon
should show & marked temperature dependence of the relative probability for
the emission of visible light, two implications would be apparent: (1) there
may be an explanation of the above-mentioned anomalies, and (2) there may be
a large error in the estimete given in Section VI for light output of an

operating nuclear-powered airplane.




IV, QUANTITATIVE RESULTS

The method used to make an absolute determination of the luminosity of
the air in the glow scope was discussed in Section II. This section deals with
the interpretation of these "eye sensitivity" measurements. The interpreta-
tion of this result is hampered by the fact that this reading was near the
1limit of sensitivity of the detector and cleose to the observed background
measuyrement. This, along with uncertainties in the experimental data for
various air pressures, forces an estimate of error of about 50% for the
result. '

The lamp used for calibration was rated at a candlepower of 0.02k + 25%,
which corresponds to a luminosity of 0.3 lumens, that is, 0.024 x kx. For
1 atm of air in the glow scope, the calibrated luminosity per watt of reactor

power is then

(1r/;e) 0.3
P

= I

where
i = detector current reading with the reactor as the light source
= 11 x 107 amp, +50%,

if = detector current reading with the calibration lamp as the light

source
= 46 x 10-8 amp,
P = reactor”operating power
= lO5 watts,
I = measured specific luminosity

1]

7 x 107° lumen/vatt + 50%.
This result suffers both from the lack of knowledge of the actual dif-
ference in sensitivity between the human eye and phototube detector and from
the lack of knowledge of the spectrum of light studied. The detector
sensitivity curve may be very erratic compared to the eye in the "tail" of
its peak, in which case a large error might be made if the air glow light
spectrum is heavily weighted in the blue. A upper bound may be placed

-19-
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on possible error from this source by using data obtained with the violet
sensitive phototube shown in Fig. 6. The calculation in this case is like

the one above except that a correction was entered which compensates for the:
difference in red sensitivity of the two detectors. This correction artifical-
ly made the quantity 47 Exfxd§ the same for the two detectors, where EX»

is the relative spectral sensitivity curve for either tube, normalized to a
maximum sensitivity of 1.0, and fx is the "black body" emission spectrum at
2,000°K. (2,OOOOK was taken as the color temperature of the tungsten
calibration lamp.) The violet sensitive tube would yield an output value of
1.7 x lO-9 lumen/watt if it were assumed to measure luminosity after this
correction has been entered. If the spectrum at the detector is indeed
weighted in the blue, then the violet detector puts a limit on the error
which might result from the difference between the two phototube detectors.
For the purposes of this report, however, the measured luminosity, I, of
T x 10_lo lumen/watt will be used. This number mey be interpreted only in
terms of the rate of dissipation of radiation energy in the glow scope tube.

A measure of this quantity is

A =§ D(Z) av
v
where
A = integrated gamma-ray dose rate over the volume of the glow
scope tube (r-cmj/hr-watt),
D(z) = gamma-ray dose rate at a point z in the tube (r/nr),

z = perpendicular distance from the reactor face along the first
leg of the glow scope (cm),
V = volume of the glow scope (cmj).

A calculation of /\ is presented in the appendix, yielding a value of

8.6 x 10" (_ch5)/(hr-wa,‘tt)
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Dividing the measured luminosity by the integrated gamma-ray dose rate
gives the light output L from a reactor-induced air glow as follows:

L = 2§ = 8.4 x 1077 (lumen»/cmB)/(r/hr)

When manifest experimental uncertainties are included this becomes
- , ~15 3
L = (8+Lk)x10 (lumen /em”)/(r/br)
Large errors are ignored which might be associated either with the spectral

sensitivity of the detector or the assumed invariance of L with the temperature
of the air.




V. COMPARISON OF. RESULTS WITH RESULTS OF OTHER INVESTIGATIONS

To properly evaluate the results of this experiment they must be compared
to the earlier theoretical estimates by Weltonu and Faulkner,5 which were
expressed in terms of the ratio of the number of watts of visible light to
the number of watts dissipated by ionization in the same volume.

This criterion is difficult to apply to the experiment because of
ambiguities associated with the spectral sensitivities -- the same ambiguities
which led historically to the definition of light intensity in terms of the
Jlumen. Therefore, the estimates of Welton and Faulkner were translated
into the units of L. 1In this revision the assumptions of the authors were
held intact in the manner described below. Welton's estimate,based on a
light spectrum uniform with photon energy, was revised by integrating such a

spectrum over the standard eye sensitivity curve. Using this method,
LS = 2.5x 107 (1umen/cm5)/(r/nr)

Faulkner's estimate was altered slightly by using more complete datall on the
time rate of dark adaption. This gives:

Ly = 6 x 10717 (lumen/cm3)/(r/hr)

The work of Grim and Schopper'8 may also be used to obtain a value of L,
provided an assumption is made about the exact spectrum of air glow light.
If all the 1000 photons/particle were given off at the indicated 4000 % and
the standard eye sensitivity curve consulted, then

Ly, = 3% 10-16 (lumen/cm3)/(r/hr)
1

However, this value changes a factor of 10 in either direction if the light
is assumed to differ from 4000 & by only 200 2. Furthermore, if the Purkinje
effect is taken into account, and therefore the eye sensitivitf curve for a
field of 10”7 millilamberts used, the value changes to

Lig = 2% lO-llL (lumen/cmE)(r/hr)
2

11. W. E. Forsythe, Smithsonian Physical Tables, p. 89, Lord Baltimore
Press, 9th ed. revised.

-oo.
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Thus a fixed value camnot be determined, but logarithmically speaking these
values of LGS tend to confirm the results of the presently reported experi-
mental investigation. A similar value cannot be obtained from the work of
Wood.,9 because no hint of spectral distribution ié given;

A summary of the results of the various investigations is given in
Table 1. Since the various estimates differ by several orders of magnitude,
the large error estimated in this experiment does not greatly diminish its

value.
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Table 1. Comparison of Predictions of Reactor-Induced Air Glow

Investigators L (lumens/cmj)/(r/hr) Reference
Welton 2.5 x 1071t N
Faulkner 6 x 1077 3

. -16%
Grun and Schopper 3 x 10 8

b
2 x 10'1”

This experiment (8 +4) x 1071

a. Assuming all photons were given off at 4000 % and the
standard sensitivity curve is comnsulted. This value
changes a factor of 10 in ejther direction if the particle
is given off at LOOO + 200 A.

b. Value when the Purkinje effect is considered and assuming
all photons are assumed to be given off at 4000 A.




VI. ESTIMATED AIR GLOW AROUND A NUCLEAR-POWERED AIRCRAFT

The results of the experiment were used to estimate the luminosity around
a nuclear-powerefl aircraft reactor shield similar to an ORNL-Pratt and
Whitney design. This shield would have an outer shield diameter of 8 ft and
a tapered shadow shield for angles £ 50 deg from the reactor-crew box axis.
The relaxation length of gamma. radiation (geometry removed) through the
shield would be 1 ft, with a gamma-ray dose rate at a distance of 50 ft

from reactor of lO5 r/hr. Integrating over space gives a dose rate of

S pav ¥ 6 x 10tt (r-cm5)/hr

space

Sincé in the experiment discussed in the previous sections it was stated
that air will give off 8.4 x lO-ls(lumen/cm5)/(r/hr), the light output from
the reactor of the airplene would be about 5 lumens.

It should be noted that the intensity is largely a function of the
allowable dose at a distence from the sides and rear of the reactor shield.
That is, if th r/hr were allowed at 50 ft the light output would be
(50 + 30) lumens. If the observer were so far from the aircraft that the
light appeared as a point source, the 5-lumen light output would correspond
roughly to that from a l-watt tungsten bulb. It may also be compared to
the standard aircraft running-light of 24 candlepower, which has an output
of 300 lumens.
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Appendix

ESTIMATE OF INTEGRATED GAMMA-RAY DOSE RATE IN THE GLOW SCOPE TUBE

An estimate of the integral of the gamma-ray dose rate over the volume
of the first leg of the glow scope tube is made here for the case where the
reactor and the lower end of the glow scope are immediately adjacent to each
other. An estimate within 20% should be considered more than adequate.
Since most of the fast electrons which cause ionization in the air of the
glow scope are given off from its aluminum walls when a gamma ray interacts
there, either entering or leaving the glow scope, the estimate is based on
the dose rate at the inside surface of the aluminum wall of the tube.* If A
is the cross-sectional area of the glow-scope tube, z the perpendicular
distance from the reactor face, V the volume of the first leg of the glow
scope, and D(z) the dose rate within the tube at a distance z from the
reactor at a nominal power of 1 watt, then the integrated dose rate over

the volume is

Note that this integral represents, except for conversion factors, the
fraction of the power of the reactor dissipated by gamme radiation inside
the glow scope.

The value of D(z) within the glow scope can be estimated in terms of
the gamma-ray dose rate, D(z), that has been measured in water at the same
distance from the reactor face. [(z) is defined to be the gamma-ray flux
corresponding to D(z), and Tr(z) similarly corresponds to the measured D(z).
It is possible to make a reasonable calculation of D(z) by considering
["(z) to be composed of two components, ' “(z) and [ T(z), defined as
follows (see Fig. T7):

*It is assumed that air and aluminum are sufficiently similar that
the Bragg-Gray-~ principle holds.

N\
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1. 1 (z) is the flux which enters the glow scope through the wall
at a distance z from the reactor face. This flux component is
taken to be unchanged by the presence of the air void, an as-
sumption which seems justified in view of the low probability
for any component of ' (z) to have previously traversed the air
void before the scattering which made it a part of [ (z). Since
the axis of the tube is approximately coincident with the reactor
axis, and since the photon directions are distributed with cylindrical
symmetry ebout this axis, it is assumed that ['"(z) = 1/2 F'(z).
2. F+(z) is the flux which leaves the glow scope through the wall
at a distance z from the reactor. This term 1s calculated
differently for small and large distances:
a. PFor 0< z <5 cm, that is, for z distances less than one
radius of the tube, ' *(z) is considered to be equal to
1/2 1(0), where [7(0) is the measured flux at the reactor
face with no glow scope present. This approximation
should be reasonably valid, and it makes the calculation
of '*(2) much simpler.
b. For 5 cm < z <105 cm, F+(z) is considered to consist of
two subcomponents: P;(z), which is the flux leaving the
tube at a distance z that had originally entered the tube
through the end of the glow scope adjacent to the reactor;
andljl(z), which is the flux leaving the tube at distance
2z that had originally entered the tube through the side
wall at some distance less than z, designated as distance z°'.
As explained above, values of ' (z) are easily obtained from the ex-
perimental measurements in water. The integral of D (z) is then determined
by direct integration of the experimental data with the following numerical
result:

105 cm )

A D™(z) dz = 380A (r-cm’)/(hr-watt) (1)

z=
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Similarly, the integral of D+(z L5 cm) is obtained directly from the experi-
mental data with the following numerical result:

\N

cm

A D'(z) dz = 200A (r.cm’)/(hr.vatt) (2a)

The calculation of [ ;(z) is made by representing the reactor by a
surface source bf strength S cos8 (photons/steradian-cm?-sec). It is further
assumed for calculational purposes that the source from the area A responsible
for r‘;(z) is all concentrated at a point on the axis of the tube. The re-
sulting integral for D;(z) gives

105 cm
A D;(z) = 1504 (r-cm3)/(hr-watt‘) (2b.1)

z=5

The calculation of r‘z(z) is the most complicated. It depends upon an
integration over the area of the tube of all radiation entering the volume
of the tube at a distance z' and at such an angle that it will leave the
tube a distance z from the reactor face. Several assumptions were required
before the numerteal- imtegration could be performed.

1. The anguler distribution of the flux enﬁering the glow scope at

any distance z' was taken to be proportional to the cosine of
the angle between the gamma-ray path and the axis of the glow
tube, that is, r‘"(z’,e) o cos8.

2. It was assumed in the integration over z' that the gamma-ray dose

rate from the reactor could be represented by a fixed relaxation
length for the entire length of the glow scope. This would be a
very bad assumption except that most of the dose rate D+(z)

arises from the flux entering the tube rather close to z, and




>
i

=30~

the fixed relaxation length was taken from the experimental data
at this point in each case. The experimental relaxation length
was used once this integration was completed in order to determine

the integral of DI(z) over all values of z.

105 cm
A DI(Z) dz = 200A (r.cm3)/(hr.watt) (2v.2)

z=5 cm
Combining Eqs. (1) and (2) gives the following total dose rate:

105 cm

A D(z) dz = 9304 = ,,8.6x th (recmj)/(hr-watt)°

z=0

It is interesting to note that if the presence of the air void had been

completely ignored the result would have been

A= 7x 1oh (r-cmj)/(hr-watt),

which does not differ widely from the more correct calculation.
Tt is felt that the over-all error in light production quoted in
Section VI is not seriously affected by errors in the above estimate.



	image0001
	image0002
	image0003

