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Section VII 

^-^Miscellaneous 

This Section is a miscellany treating a small variety of topics. The first three 
papers describe exploratory work which was undertaken to investigate possible ob
jectives and areas of difiiculty. Work related to thermionic conversion was ter
minated during the fiscal year being reported. The first paper represents work con
tinued from the preceding two years. The last two papers were done collaboratively 
with and as a service for other Divisions, respectively. 



millerc
Text Box
BLANK



VII-1. Nuclear P u m p e d Carbon Dioxide Gas Laser^—Model I Experiments 

J. A. DESHONG, JR. 

Preliminary investigations have been carried out on 
an electrically-pumped COz-Nj-He laser system/ The 
system was successfully operated in a neutron flux of 
2 X 10̂ ° n/cm°-sec (thermal), demonstrating satis
factory mirror operation at this flux level as well as 
successful very low level infrared detection only a few 
feet from the nuclear radiation. 

Methods of coating quartz laser tubes internally with 
adherent B-10 coatings of 0.6 to 1.5 mg/cm^ thickness 
were worked out with special vapor blasting and rotat-
ing-bakeout techniques. The coatings are adherent up 
to 700°r or more. The tubes were provided with elec
trodes to permit electrical pumping while the tube is 
being irradiated with a flux of reactor generated neu
trons. 

A series of experiments has been completed utilizing 
electrical pumping to study the variation in lasing 
threshold produced by the B-10 coatings when the 
above tubes are irradiated. Reactor neutron fluxes 
ranged up to 2 X 10 n/cm-sec (thermal). This was 
the maximum flux achieved at the laser location in the 
Argonne Thermal Source Reactor (ATSR) with the 
reactor operating at its full licensed power of 10 kilo
watts. 

The results of these qualitative tests showed that the 
electrical power required to attain the lasing threshold 
decreased gradually as reactor flux was increased up to a 
flux of about 5 X 10** n/cm^-sec (thermal). Then as the 
flux was increased further, the electrical power needed 
for threshold began to rise until it exceeded the power 
required initially with no neutron flux. At a flux of 
about 5 X 10' n/cm^-sec a large increase in electrical 
power was necessary to reach threshold. However, 
once the threshold power was exceeded, the laser out
put corresponded to that obtained for the same pump
ing power with no neutron flux present; i.e., the phe
nomenon seemed to be related only to threshold 
operation. The above effects were very reproducible. 

An interpretation of the experiments is complicated 
by the fact that the electrical discharge between the 
electrodes in the laser tube itself could be affected by 

Lthe ionizing radiation. It is possible that this is what 
'was observed since only the tube voltage required to 
reach threshold could be used as a rough indication of 
input power. The dynamic current and power were not 
measured because of high voltage problems. An optical 

telescope and several mirrors were arranged to permit 
viewing the tube plasma from the reactor control room 
while the tube was being irradiated. I t was observed 
that the tube plasma for a given pumping voltage be
came more luminous and regular when a neutron flux 
was applied to the tube. This would be expected in the 
presence of ionizing radiation and the threshold changes 
observed probably were caused by degraded lasing 
conditions rather than by reduced pumping current 
since a more luminous plasma would seem to indicate 
higher discharge current and therefore higher pumping 
power. 

In summary, the electrical pumping experiments 
seem to indicate that the ionizing fragments from the 
B-10 coatings in the laser tube contributed useful 
power toward pumping of the laser at lower neutron 
fluxes. The degradation that occurs at higher flux is not 
understood as yet. Considerable time was spent in 
varying gas mixtures and pressures while the reactor 
was operated at 10 kilowatts, but no conclusive evi
dence of lasing was obtained using only ionization 
produced by the B-10 layers. 

The laser also was operated in the reactor flux with 
cadmium shields wrapped externally over the B-10 
layers. There was no detectable change in the lasing 
properties which were checked over the entire range of 
electrical pumping power while the reactor flux was 
varied from zero to 2 X lO" n/cm^-sec (thermal). 
This demonstrated that the laser mirrors were un
affected by the reactor environment in the above flux 
range. Also the reactor fast neutron and gamma flux 
would seem to have little or no effect on lasing. Either 
the thermal neutron flux or the in,a) reaction products 
therefore must be responsible for the threshold changes 
that were observed without cadmium shields on the 
tube. 

The original calculations to determine the neutron 
flux required to pump the laser to threshold were based 
on crude estimates of the energy deposited in the lasing 
gas by the B-10 layer. A series of measurements was 
made recently to determine the actual energy input to 
the laser gas during the pumping experiments. The re
sults are applied to recalculate the neutron flux re
quired to pump the laser to threshold. 

The maximum power actually deposited in the CO2 
laser gas during the ATSR nuclear pumping experi-

615 
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ments is calculated for the "standard" gas mixture 
which consisted of 1 torr of CO2, 1.33 torr of N2, and 
11.67 torr of He. 

exceeded by a factor 

dE 
dx 

(laser gas) = 1133 ev/cm-torr-frag 

Then 

path length (Z) = 2 X tube radius*" 
= 1.9 cm 

total pressure (p) = 14 torr 
energy deposited {E) = {dE/dx) (p X I) 

= 30138 ev/frag. 

The power entering the gas is 

N XE X A XL 
i^GAS — 

Y 

where 

N = number of fragments entering the gas per cm 
per sec 

E s= energy deposited per fragment 
A s= area of B-10 per cm of length 
L s B-10 layer length 
y = total tube volume. 

Therefore, 

iV(3.01 X 10') (TT X 1.9) (33 X 2.54) 
1 GAS — 

Since 

where 

^(0.95)2(46 X 2.54) 

= (4.55 X 10*)N. 

N = /-'#, 

F = fragments entering the gas per unit flux 
# = neutron flux averaged along length of B-10 

layer, 
N = (0.0536) (1.9 X 10'") = 1.02 X 10» frags/ 

cm -sec 

whence 

PGAS = (4.55 X 10*) (1.02 X 10') 

= 4.64 X 10" ev/cm''-sec. 

The estimated power, PGAS , that must be deposited 
in the CO2 laser gas mixture to attain threshold was 
calculated in Ref. 1 to be 

PGAS = 2.43 X 10 "̂ ev/cm'-sec at threshold. 

Then, with ATSR operating at maximum power (10 
kW), the calculated laser threshold condition was 

M = 
4.64 X 10 
2.43 X 1012 

= 19.1. 

However, if the usual rule-of-thumb factor of 10 in
crease is applied to the calculated laser threshold to 
take care of unknowns, the flux at which lasing was 
expected was exceeded by a factor of only 1.9. 

A number of conclusions can be drawn from the 
calculations: 

1. The analysis shows that a relatively modest 
margin of 1.9 was attained above the flux at which 
lasing was expected. This is insuflicient to conclude 
that lasing is not feasible, and reactors capable of 
higher flux then ATSR are being considered for future 
experiments. 

2. The energy distribution to the helium, nitrogen 
and carbon dioxide in the nuclear pumped system was 
in the ratio of 1.6:1:1, respectively. It would be helpful 
to know this distribution in the electrically pumped 
system and the role actually played by the helium. A 
number of investigations of this problem are being car
ried out at various laser development laboratories. 

3. The fragment energy spectra of B-10 layers vary
ing in thickness from 0.6 to 1.5 mg/cm were obtained. 
A thickness of 0.7 mg/cm emitted the most energy for 
a given neutron flux, although 0.6 mg/cm gave very 
nearly the same energy. The experimental laser tubes 
used about 0.6 to 0.65 mg/cm^, so maximum output 
was obtained in the experiments. I t is evident from the 
efficiency curve of the B-10 layer that somewhat greater 
layer efficiency can be achieved with thinner layers at 
the expense of increased flux. The maximum efficiency 
attainable in the layer itself is 50 percent because at 
least half the fragments travel away from the gas space 
and never enter it. If overall reactor efiiciency is con
sidered, the operating point selected would depend upon 
whether the layer material is B-10 or U-235 and, if 
U-235, how much of the total U-235 is contained in 
laser tubes. For the present experiments, maximum 
output represents the correct operating point, and a 
B-10 layer of 0.6 mg/cm will be used. 

4. Measurements of the amount of energy absorbed 
by the gas correlated well with the calculated values 
for CO2 and N2. An error was located in the original 
helium calculation which subsequently agreed well 
with the measured value. Reliable calculations of heavy 
ion energy deposition in gases can now be made. 
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VII-2. Analys is o f P lasma Ion Frequency i n Low Pressure Alkali Meta l Vapor 
T h e r m i o n i c Conversion Ceils 

H. K. RICHARDS 

NoMENCLATtTRE 

a = emitter-collector distance 
E = potential gradient, V/cm 
/ = current density 

K = Boltzmann's constant 
m = particle mass 
n = variable particle density 

no = average particle density 
T = temperature, °K 
u s= average velocity of particle 
V = variable velocity 

V = variable voltage 
Vo = dc output voltage of the cell 
Te = emitter temperature 
X = direction from emitter to collector 
X = wavelength 

27r/X — j3 ̂  propagation constant 
e := electronic charge 

u>i = 47re nio/m,i 

We = 4ir£ neD/nie 

$e = emitter work function 
$„ == collector work function 
i/'o = sheath potential (positive) 

m.f.p. = mean free path 
IM = imaginary 
PM H= potential minimum 

/ue = s/n = me/nii 
o) = frequency, rad/sec 

ojr = real part of w 
ja = IM part of 0) 

subsci-ipts; 

e refers to electrons 
i refers to ions 
a refers to atoms 

The theory of self-excited ion plasma oscillations in a 
low pressure thermionic converter was treated in Ref. 
1. Electrons and ions move between emitter and col
lector: electrons remain at the collector after reaching 
it, while the ions are discharged and retm*n as neutral 
atoms. It was shown that for this case, the electrons 
feed energy into the system under certain conditions, 
exciting oscillations. Following the assumption of L. 
Tonks and I. Langmuir,^ it was assumed that the 
electron beam follows the potential variations instan

taneously due to their negligible mass compared with 
that of ions. The expression for the ion plasma oscilla
tions under these conditions was found to be 

I3ui ± j V M iSt- 1 -
„2 2-
P 0)e + jai (1) 

where JSM,- is the real part of w, while the imaginary por
tion ja represents oscillations, provided ul > ^\e • 
For oie = /3 Mo, this expression is no longer valid and 
has to be replaced by a better approximation. Equation 
(1) agrees quite well with most experimental results. ' 
However, the observation that the plasma frequencies 
always increase with an increasing positive voltage of 
the collector (Fig. VII-2-1) does not follow from Eq. 
(1) and requires a more detailed theoretical treatment 
which will now be presented. 

From the Boltzmann equation, the space charge 
equation, and the continuity equation, the following 
expression was derived by J. Pierce and K. Hern-
quist: ' ' 

w» 

+ (w - pUiY (u - pu^y' 

expanded, this equation may be written as 

(2) 

CO* ~ 2(/fi(u, + wO 
2r 2 

— O) [We 
a2 2 I 2 „2 2 . „2 ^ 

3 Ue + Ui — ^ Ui — 4fi UeUil 
|2 2 \ I / 2 o2 2^ 

-+- 2(j3P[Ui(cOe — fiUe) + Ue(o}i — ( S M J ) ] 
(3) 

a2r 2 / 2 
— fi [Ui {0)e 

2 2i 
Me) - f COiUe] = 0 . 

The ratios col/Jt = mjmi = ju = 2392 X 10"^ for 
sodium and are even less for cesium and potassium. 
Also, {Ui/ue) < li. Therefore coi ~ fiUi will be omitted 
in the third and fourth term and Ut will be omitted in 
the second term. Setting o), = jxcJl, Eq. (3) can be 
reduced to 

— 2a) l3Ve — 0) (oJe — |8 Me — 4/3 MeMj) 

+ 2cO)3Mi(a)e — I3\l) 

o2r 2 / 2 o2 2 \ 
— P [M,(CO<, — (3 Me) 

(4) 
2 2i 

Equation (4) has four solutions. Two of the solutions 
refer to large values of w, and all terms containing 
products with /licoe and u] and Ui may be neglected. 
These two solutions are given approximately by i/ = 
2/3Me - f j3 Me a n d CO = ^Me d= COe These are electron 
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+3 VOLTS -1 VOLT 

\1 * 
• > / ' ^ -

»R.:̂  

+1 VOLT 2 VOLTS 
FIG. V I I - 2 - 1 . Cesium Plasma Oscillations as a Function of Applied Collector Voltage. Vertical Scale, Volts/division; Horizontal 

Scale, /isec/division. ANL Neg. No. 112-1635 

oscillations and will not be considered further in this 
report. The other solutions refer to co « Pue and are 
ion plasma oscfllations. Here the te rm u m a y be neg
lected. Hence 2uPue (the second term) and AR%eU^J' 
of the third t e rm will be treated as perturbat ions. 
Without these perturbat ion terms the result is identical 
with Eq . (1), viz: 

coi = /3M, 

where 

J s/ij. Pit 1 -
„2 2-

|S Me 
COH - f ja, 

2 2 2 ' 
<^l = Wl r — a i - | - 2jaiC0ir . 

Substi tuting wi + Aco for co, it follows t ha t for Aw = 
Ao), + jAa , 

Au = — 
Wl/3Me 

,2 _ «2»2 ^'ul 
1 _ 

/3M, 

OJl /3M, 

Wl^Ue , J/3M, 

a i 

(5) 

Introducing the values for wi and w\ , Eq . (5) becomes 

^ M e 
Aco = 

f?u\ 
[(«! + Wlr) ± i(aiCOlr + COl,.")] 

(6) 

Aco, -f jAa. 

Thus , from Eqs. (5) and (6) 

AcOr = 

and 

^3 2 
3 MlMe 

2 „ 3 3 
MCOe/3 Me 

&"< {^\ ff^ulY 
(7a) 

COr COrl Aco /3M, 1 + 
o2 
/3 MsMe 

2 n̂ T 2 
CÔe — /3^Me'_ 

+ 
2 „ 3 8 

jU'-^e/S Me 

(7b) 

W. IS'uiy 

for COe > B \ 1 . 

Equat ions (7a) and (7b) show t h a t the observed fre-
quencj^, cor/27r, is a function of Me. As mentioned before 
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COLLECTOR 

electrons inside the plasma is given approximately by 

/GUARD RING 
rA OPEN 

ito-^ EMITTER 

C2 

CA 

EMITTER 
•COLLECTOR 
CAPACITY 

F I G . V I I - 2 - 2 . (a) D C and R F Thermionic Energy Con
version Cell Schematic, (b) R F Equivalent Open Circuit. 
ANL Neg. No. 112-8584 Rev. 1. 

if the collector potential becomes more positive, the 
rf frequency increases for all alkali metal vapor cells. 

Assume now (Fig. VII-2-2a) that $« = $ = + Vo, 
that is, that there is no voltage difference between the 
electrodes. Hence, the cell operates at the knee of the 
characteristic, and all electrons and ions can arrive at the 
collector, where the ions become neutral atoms. The 
rf section is open, (Fig. VII-2-2a and VII-2-2b). A 
positive sheath potential xpo will exist in an ion rich 
plasma while the plasma remains essentially neutral. 

If the collector potential is increased (Fig. VII-2-2a), 
the electrons can still reach the collector, but more and 
more ions will be reflected. In order to maintain 
neutrality of the plasma, fewer ions can be permitted to 
enter from the emitter through the emitter sheath. 
This will be accomplished by a self-adjusted increase 
of the sheath potential tpo • Since the velocity of the 

MeO + " ~ " J 
Me 

where 

-2 
MeO 

nie 

it is seen that Me increases with the applied collector 
voltage. From Eqs. (7a) and (7b) it follows immedi
ately that this increase of the dc voltage increases the 
frequency of the plasma oscillations. 
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VII-3. Experimental Invest igat ion of Electrical Conduct ion Through 
Noble Gases at High Temperatures 

H. K. RICHARDS 

Electrical conduction through noble gases was ob
served during a series of experiments performed to 
measure physical properties of uranium carbide at high 
temperatures (see Paper VI-23). The measurements 
were made in a modified high temperature furnace^ at 
filament temperatures between 1500 and 2400°C. The 
experimental setup is shown in Fig. VII-3-1. The tung
sten filament is a cylinder of 7.5 cm diam. The filament 
was run with the upper, water-cooled, copper electrode 
positive and the lower, water-cooled, copper electrode 
at electrical ground. Surrounding the filament is a 
tungsten reflector. A tungsten cylindrical probe was at

tached to a tungsten rod passing through an insulator 
in the upper electrode. Temperature of the probe was 
measured by an optical pyrometer sighted through open
ings in the reflector and the filament. Helium or argon 
gas, slightly above atmospheric pressure, was passed 
through the furnace using an adjustable-flow cover gas 
system. The probe rod was connected, as shown in Fig. 
VII-3-1, to a power supply capable of variable voltage 
output ranging from 0 to ±30 V. 

With the power supply short-circuited, the heater 
fllament was positive relative to the probe. When the 
filament temperature was raised to 1500°C, a positive 
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current of several fiA was measured flowing from the 
probe to ground. Potential of the probe was measured 
by a voltmeter and found to be one-half of the applied 
(positive) filament voltage. This condition is equivalent 
to an electron current emitted by the probe and flowing 

UPPER ELECTRODE 

W - F I L A M E N T /^'~^^\ 

\ i I 

W-PROBE 

TO 
__ 

PYROMETER 

!—' 
W-REFLECTOR 

+ 

+ 

-
1 — ' 

POWER 
SUPPLY 

c — 30V 

LOWER ELECTRODE 

F I G . VII-3-1. Measurement of Electron Currents Through 
Noble Gases a t 1 a tm Pressure. ANL Neg. No. 112-8586. 

to the filament. When a positive voltage was applied to 
the probe by the power supply, the current decreased, 
reaching zero when the power supply voltage was ap
proximately one-half the applied filament voltage; then 
the current reversed direction as the supply voltage was 
increased further. As the supply voltage was made more 
negative, the probe current increased to a saturation 
value. At temperatures near 1500°C, the saturation cur
rents were only slightly above the zero supply voltage 
values, but temperatures >;2000°C saturation cur
rents were much higher than the zero voltage currents. 
The current also was found to be a function of gas flow 
rate, increasing at low flow rates. 

Considerable differences in probe currents were ob
served between helium and argon. Table VII-3-1 lists 
results for both gases, over a 900°C temperature range, 
obtained with supply voltages of 0 and —10 V. ^Nleas-
urements were taken at low gas flows. The columns 
marked "Supply" designate the applied supply voltages. 
The effective probe potentials were approximatelj'' 5-8 
volts more positive, because of the effect of the filament. 
The Is are the saturation electron emission currents 
calculated for a 32.3 cm^ tungsten surface in vacuum at 
the indicated temperatures. These values are probably 
different from the emission in gases, due to changes in 
the surface work function. Large differences are not ex
pected. The measured currents are listed in the fourth 
and eighth columns. It is seen that for both helium and 
argon the currents increase rapidly as the temperature 
increases. At lower temperatures, the currents in helium 
are slightly higher than those in argon while at high 

TABLE VII-3-1. MBASURBMBNTS OP ELECTRICAL C U R R E N T BETWEEN P R O B E AND FILAMENT THROUGH H E L I U M AND ARGON" 

Gas: He 

Supply, 
V 

0 
0 

- 1 0 
0 

- 1 0 

0 
- 1 0 

0 
- 1 0 

0 
- 1 0 

0 
- 1 0 

T, 

°c 

1450 
1550 
1550 
1575 
1575 

1790 
1790 
1830 
1830 

2090 
2090 

2350 
2350 

I, 
Calculated, 

mA 

0.3 
1.94 
1.94 
3.10 
3.10 

69.00 
69.00 

130.00 
130.00 

2480.00 
2480.00 

27,800.00 
27,800.00 

/ 
Measured, 

mA 

0.13 
0.44 
1.30 
1.40 
4.00 

6.20 
12.00 
28.00 
52.00 

38.00 
80.00 

1300.00 
1900.00 

Gas: A 

Supply, 
V 

0 
- 1 0 

0 
- 1 0 

0 
- 1 0 

0 
- 1 0 

T, 

1575 
1575 

1810 
1810 

2110 
2110 

2330 
2330 

L 
Calculated, 

mA 

3.10 
3.10 

97.00 
97.00 

3070.00 
3070.00 

24,300.00 
24,300.00 

/ 
Measured, 

mA 

0.65 
1.10 

55.00 
130.00 

800.00 
1400.00 

6000.00 
13,000.00 

Tungsten cylindrical probe area = 32.3 cm^; length = 5.4 cm; annulus between probe and filament = 2.857 cm. 
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temperatures the currents in argon are considerably 
larger than those in helium. 

This conduction in a gas at 1 atm pressure was quite 
surprising, and therefore the nature of the effect was 
studied. The possibility that the conduction may be 
produced by a plasma may be excluded, since the ioniza
tion voltages of helium (24.5 eV) and of argon (15.68 
eV) are much too high for thermal-ionization. Because 
noble gases have no electron attachment, negative ions 
are excluded as a cause. 

There remained the possibility of direct electron emis
sion from the tungsten of the cylinder and the filament. 
The following experiment investigated this possibility. 
A tungsten rod without the cylinder was inserted, but 
only down to the end of the upper, water-cooled elec
trode. The rod was again negative with respect to the 
filament. The temperature of the filament was about 
2000°C or more. Then the rod was suddenly pushed 
down into the hot section. No current was observed im
mediately, but after some time a small current was ob
served and it increased slowly to saturation value. 
Electrons could flow only from the tungsten rod to the 
filament because of the applied voltage. As long as the 
rod was still cool, no electron emission took place; but 
emission did start when the rod was heated by conduc
tion and radiation from the filament. This indicates that 
thermionic electron emission produces the current. 

In another experiment the positive voltage was first 
applied to the tungsten probe. A current was now ob

served to flow in the opposite direction, although essen
tially no electron could leave the probe. When the 
voltage was reversed, a few seconds passed before the 
current reached its maximum. It appears that, unlike 
electron flow in a vacuum, it takes a certain time for 
the electrons to drift from the negative to the positive 
electrode through the gas. 

Thus it is concluded that the thermionic electron 
emission from tungsten accounts for the observed con
ductivity. However, while in vacuum a potential mini
mum results; this can be eliminated only by a suffi
ciently high potential. The movement of the helium or 
argon atoms may dissipate the space charge to a large 
degree. While the electrons are now scattered in all di
rections by the atoms, there remains an average drift to 
the other electrode due to the applied voltage. However, 
the electrons drift slowly, with an observed drift time 
of several seconds. The electrons remain free, since noble 
gases have no electron attachment. I t should be added 
that an identical effect was observed when a graphite 
rod was employed as the emitter electrode. 

This explanation of the conduction in a gas at 1 atm 
pressure is only a tentative one, subject to replacement 
by a better theory after further investigation. 
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V I I - 4 . R a d i o c a r b o n P r o d u c t i o n R a t e N e a r S e a L e v e l * 

R . GOLD 

The natural production of radiocarbon by cosmic-ray 
neutrons has been experimentally observed. Propor
tional counters, filled with two atmospheres of nitrogen, 
have been employed to detect the exoergic N^*(n,p)C" 
reaction. A preliminary account of this work has already 
been given"̂  and more detailed results have been sub
mitted for publication.^ Electronic pulse-shape dis
crimination is utilized to discriminate against meson-
and photon-induced events. A C-14 production rate of 
(1.89 ± 0.08) X 10""' per sec per cm^ has been obtained 

.for the air-land interface at the Argonne National Lab-
'oratory site. This result represents the average value 

* This work has been supported, in part, by the Radiological 
Physics Division, Argonne National Laboratory. 

for a time duration of one month, November-December 
1966. The experimental results are displayed in Fig. 
VII-4-1. Fluctuations as large as 25 % from this average 
value were observed. The density of slow neutrons can 
also be determined from this experimental result. An 
average value of (1.19 ± 0.06) X 10~* neutrons per cm' 
was found for the air-land interface at the Argonne 
National Laboratory site (53° N geomagnetic latitude). 
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F I G . VII-4-1. The Experimental Pulse Height Distr ibution 

Due to the Ni^(«,p)C" Reaction Obtained from Mid-November 
to Mid-December 1966 a t the Argonne site. The Smooth Curve 
is a Gaussian Fi t to the Experimental D a t a Above the Back
ground Continuum (dashed curve). ANL Neg. No. 112-7987). 

VII-5. Energy Spec trum of Fast Cosmic Ray Neutrons Near Sea Level* 

R. GOLD 

Measurement of the sea level spectrum of cosmic 
ray neutrons in the energy region 0.05-2.0 MeV has been 
carried out with 4^ hydrogen-recoil proportional count
ers. A preliminary account of this work has already 
been given^ and more detailed results have been sub
mitted for publication.^ Electronic pulse-shape dis
crimination has been utilized to reject meson- and 
photon-induced events. Figure VII-5-1 presents the re
sults of a series of measurements carried out from June 
to November 1966. In general, the flux per unit energy 
decreases monotonically. The experimental data reveals 
some structure which may be due to scattering reso
nances in elements that dominate the environment. An 
integral flux of 2.3 X 10 ' ' neutrons/cm^-sec in the in
terval 0.05-2.0 IVIeV has been obtained for the air-land 

* This work has been supported, in par t , by the Radiological 
Physics Division, Argonne National Laboratory. 

F I G . V I I - 5 - 1 . Cosmic-Ray Neutron Flux per Unit Lethargy 
in the Energy Region 0.05-2.0 MeV. ANL Neg. No. 112-8003. 

interface at the Argonne National Laboratory site (53° 
N geomagnetic latitude). 
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