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ABSTRACT

This report describes recent investigations of the data obtained by the
Jason sounding rockets during the Argus tests. These instrumented rockets
detected electrons which were injected into the geomagnetic field by the
detonation of nuclear devices at high altitudes. The original analysis of
the data has been published in the open literature; the further investigations
reported here yielded: (1) the orientations of the detectors with respect to
a plane perpendicular to local magnetic lines of force, (2) the calibration
of the detectors in a planar flux of electrons as functions of electron energy
and orientation of the detectors with respect to the electron plane, and (3)

a re-evaluation of the Jason data based on items (1) and (2) and on recent
data on characteristics of the natural radiation. The conclusions verified
the results of the initial analysis regarding the location, width, and
stability of the electron "shell" produced by the Argus II detonation, as

well as the presence of a less intense electron flux in wide regions (wings)
avay fror the shell. A point of departure was that the electron spectrum was
much more in agreement with the fission beta spectrum than that resulting from
the initial analysis. Within the accuracy of the data, the spectrum was found
to be independent of the spatial locations of the rockets or of the passage of
time. The deceay of the flux appears to follow & time dependence of t°1'153'03
and a lower limit to the injection efficiency appears to be 0.013.
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1.  INTRODUCTION

The Jason data refer to the information on the geomagnetic trapping of
electrons obtained by sounding rockets during the Argus tests. These in-
strumented rockets detected electrons which were injected into the geomag-
netic field by the detonation of nuclear devices at high altitudes. Project
Jason was directed by the Air Force Special Weapons Center, and personnel of
the Physics Division of the AFSWC performed tae initial analysis of the

data.!

A more thorough analysis of these data, however, was dictated by the
military and geophysical importance of the Argus experiment and the restric-
tion on the continuation of similar experimental investigations. In particu-
lar, analytical work was needed to compute the body motions of the rockets in
free flight in order to correlate the counting rates of the detectors with
the orientations of the detectors. Also, experimental work was required to
determine the response of each detector as & function of electron energy and
as & function of the orientation of the detector with respect to the distri-
bution of the electron flux. By establishing these essential characteristics
of the measurement system, and also by utilizing relatively recent infbrmation2
on the spectral and spatial properties of the natural radiation, a bvetter
deduction of the results of the Argus experiment was expected.

This further analysis of the Jason experiment is given in this report.

1.1 REVIEW OF EXPERIMENT

In the Jason program, nineteen four-stage solid~-propellant rockets were
launched from Wallops Island, Virginia, Cape Canaveral, Florida, and Ramey
Air Force Base, Puerto Rico. Table 1-1 gives a summary of the rocket program,

1. "Project Jason Measurement of Trapped Electrons from & Nuclear Device by
Sounding Rockets," by Lew Allen, Jr., James L. Beavers II, William A.
Whitaker, Jasper A, Welsh, Jr., and Roddy B. Welton, Proceedings of the
National Academy of Sciences, August 1959; and Journal of Geophysical
Research, 64, 893, 1959.

2. "Energy Spectrum and Angular Distributions of Electrons Trapped in the
Geomagnetic Field," by J. B. Cladis, L. F. Chase, W, L, Imhof, end
D. J. Knecht, Journal of Geophysical Research, 66, 2297, 1961.
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Rockets which performed properly generally reached altitudes of 700 to 800
km., Six of the rockets falled to operate as planned. Ten of the remaining
rockets were launched successfully following the second nuclear detonation.
Of these, only the five rockets which were launched from Wallops Islaend,
Virginie, traversed the electron shell. These rockets were launched at time

intervals after the burst ranging from 28 minutes to about 89 hours.

The radiation-detection instruments consisted of eight geiger tubes with
various absorbers and collimators. A diagram of the instrumentation package
is shown in Figure 1l-l1. The detectors in Channels 1, 5, 7, 3, and 6 are
referred to in the text as the long detectors. Each of these detectors
utilized the same type of geiger tube, an Anton 106-C. Of these, only the
detectors in Channels 1 and 5 were rather highly collimated, as shown in
Figure 1-1. The detectors in Channels 2, 8 and 4 are referred to in the text
as the short detectors. These also utilized a single geiger tube type, but
it was an end-window Anton 222R. All of the 222R detectors were highly colli-
mated, each in the manner shown for the detector of Channel 2 in Figure 1-1.
Roughly, the absorbers were selected such that the detectors in Channels 7
and 8 had thresholds at about 440 kev; the detectors in 3 and 4 had threshold
energies of about 1 Mev, and the detector in Channel 6 was alone with a thres-
hold energy of 4.3 Mev. The detectors are described more fully in Section 3.

The output pulses of the gelger tubes were sequentially sampled for a
time duration of about 1/75 sec with a multi-segment commutator, and the pulses
were transmitted directly to ground stations. In the telemetry records,
regularly spaced synchronization pulses appeared, followed by pedestal-shaped
signals, each of which corresponded to a sampling of the output of a particular
detector. The geiger tube pulses appeared at the top of the pedestals. For
each Channel, the counts per pedestal were determined visually by personnel of
the Alr Force Special Weapons Center and recorded as & function of time.

These data, together with the trajectories of the rockets and the telemetry
signal strength records received by the six ground stations of the Air Force
Missile Test Center range were used in this stuay.

LOCKHEED AIRCRAFT CORPORATION MISSILES and SPACE DIVISION
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1.2 GENERAL METHOD OF ANALYSIS

A correlation of the counting rates of the detectors with the orientation
of the longitudinal axis of the rocket in space, as desc.ibed in the following
section, revealed that the distribi %ion of the electron flux was symmetrical
about a plane perpendicular to the local geomagnetic lines of force, Moreover,
the angular "spread" of the electron paths about this plane (pitch-angle
distribution) was found to be narrower than the angular apertures of the
collimated detectors (half-angle at half-height of sbout 15°).

It was unfortunate that the detectors were not collimated sufficiently to
permit a measure of the pitch-angle distributions of the electrons and hence
obtain the distribution of the flux along magnetic lines of force. But an
initial experiment in an unknown area rarely yields all that is desired!

However, since the distribution of the electron flux about the normal
plane fell within the collimation apertures of the detectors, the total flux
and the spectrum of the electrons along the paths of the rockets could be
determined by relating the counting rates and the response functions of the
detectors to the orientation of the detectors with respect to this nommal plane,

This method of analysis ylelds a plénar flux; that is, a flux distribution
such that the electron velocity vectors are uniformly distributed about every
point in planes normal to geomagnetic lines of force but have no components
out of these planes. If a planar flux is given in units of number . em-2 .
sec'l, the numerical value of the flux equals the number of electrons/second
which traverse a spherical detector of 1 cma cross sectional area. Since such
a detector would be traversed by the same number of electrons per second if
located in an omnidirectional flux numerically equal to that of the planar flux
and given in the same units, the planar flux evaluated by the analysis dis-
cussed below is numerically identical to the omnidirectional flux. The plane
of the flux (normal to geomagnetic line of force) is referred to in this

report as the radietion plane.

Now, if the angles 7? and ’?V are used to specify the orientation of a
detector with respect to the radiation plane, then the corresponding geometric
function of the detector will be defined by means of the equation,

LOCKHEED AIRCRAFT CORPORATION MISSILES and SPACE DIVISION
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R(m, ) = £(E)G (1, 4> EME, (1-1)

where

Rl(’)‘] ,/l/‘ ) = corrected counting rate of geiger tube in
Channel i, oriented at angles ‘qa.nd /V
to the radiation plane,

£(E) = planar flux of electrons in units of number
cm-2 , sec=l . Mev~i,

ci( '71 ,/‘V, E) = geometric function of detector in Channel 1
(units of cm@ for detection of planar flux
of electrons of energy E when oriented at
angles and to the radiation plane.

Note that G includes the detection efficiency
of the geiger tube.

With the counting rates, Ri’ correlated with ’}7 and as described
in the following section and the geometric function G(')? ,4/", E) determined
experimentally as described in Section 3, the planar flux f(E) was "unfolded"
with a digital computer from the integral equations (1-1). The computer
program used to deduce the flux is described in Section k,

A digital computer was used to correlate the counting rates, R:I.’ with the
orientation angles ’Y] and/]/ « These orientation angles were computed for
each time at which a detector outpyt was sampled. The read-out record from
the computer listed the following information for each sampling of a

detector ouviput: the time of the sampling; the counts per pedestal; the
corrected counting rate; and the orientation angles 47 and 'y‘ . A "dead
time" correction of 70 microseconds was applied to the counting rates. This
"dead time" for the detection system vas estimated from the time resolution
of the geiger~-tube pulses in the oscillograms from which the counts per pedes-
tal were read.

The values of R, used in Equations (1-1) were those which were averaged
over certain intervals of time and angles ’7 and /V‘ . This vas done to
improve the overall accuracy of the results.
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2. BODY MOTIONS OF ROCKET IN FREE FLIGHT

The body motions of the rockets in free flight were determined by using
both the counting rates of the detectrnrs as a function of time and the
antenna signal strength records. The onalysis conducted to evaluate the
time-dependent angles 'r] and fy/‘ which gave the orientation of each
detector with respect to the radiation plane is described in the section
below, In the following section, the evidence is pgiven that this radiation
plane was normal to the local geomagnetic lines of force.

2.1 ORIENTATION OF DETECTORS WITH RESPECT TO RADIATION PLANE

The analysis of the motions of the detectors with respect to the radi-
ation plane will be described with reference to the diasgram shown in Figure
2-1, Here, a sphere is depicted with its center at the center-of-mass of
the rocket. The labelled dots on the sphere represent the points at which
the following vectors intersect the surface of the sphere: 8 is aligned
with the spin axis of the vehicle, A is the constant angular momentum
vector, B is the locel geomagnetic field vector, 6 is a vector in the plane
normal to S and directed along the center of the angular apertures of the
detectors in Channels 1, 3, 5, 6 or 7 (for the detectors in Channels 2, b,
or 8, 6 is along the projection of the collimator axis in the plane nomal
to §). As shown in the diagram, @ is the angle between A and ﬁ, 77 is the
angle between B and §, and ¢ 1is the angle between K and 5. Three lines
of nodes are also shown: n(B,A) is drawn normal to B and A, n(8,5) is norial
to B and §, and n(A,S) is normal to A and S.

The vector 6 rotates in a clockwise sense about S with the constant
angular velocity C&)s(spin rate). The angular displacement of & will be
represented by @s(t) = WJ, t +d_, measured from the 8,k plane. The spin
axis 8 rotates in a cone about A, in the clockwise sense, and with the constant
angular velocity ()_ (precession rate). The angular displacement of the A, §
plane will be designated by @p(t) = wp t + dp, measured from the node
n(B,A).

7
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(7]

n (l.s / wptt ap
% 4 n(8,K)
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Fig. 2-1 Coordinate S8ystem for Determination of Rocket Motion From
Geiger Tube Count Rate Data
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From this diagrem the following relationships can be obtained:

cos')?
’V o a)st +d - Z/(t), where (2-2)

Z/(t) T - tan"l{ [ sin § ctn © + cos § sin (Q)pt + dp)]
® sec (k)pt‘ + dp) } (2-3)

cos 0 cos & -5in 0 5in$  sin (wp + dp). (2-1)

Hence, the orientation angles 77 and /’V‘ cen be determined as functions of
time by evaluating the constants (“)p’ w o’ dp, ds, and § .
Fortunately, not all of these constants are mutually independent. The inter-
dependencies of these constants and the methods used to evaluate them are

discussed below.

2.1.1 DETERMINATION OF PRECESSIONAL ANGULAR VELOCITY

The constant C()p was determined from the telemetry signal strength
information which was recorded by a number of ground stations. A rotation
of § in a cone about A was discerncble in the record because the sipgnal
strength varied in accordance with the aspect of the antenna pattern
(quadrupole) to the receiving station., Hence, the period of precession,
Tp = 2 TT/Q)p, was given by the time duration of a recurrent modulation
pattern in the recoxd.

In order to avoid errors in this measurement due to a rapid azimuthal
motion of the line-of-sight between the rocket and the ground station, the
signal strength record of a station which was most nearly in the plane of
the rocket trajectory was used. The records of six ground stations, located
south of the rocket trajectory and spanning a longitude range from 80° 32' W
(Patrick )to 61° 45t W (Antigua), were available for this purpose.

The examination of the signal strength records revealed that, for every
flight except 2027, the preccession neriod, ’I‘D, was essentially constant over
the entire portion of the trajectory above the "scnsible" atmosphere of the

LOCKHEED AIRCRAFT CORPORATION MISSILES and SPACE DIVISION
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earth, The rocket on 2027 exhibited an appreciable diminution of rotational
encrgy during the course of the [licht: The precession period increased by
nearly 1% and the spin perio! incrcased by about 20%. There is also some
evidence of such & draft on "Licht 2024, but the magnitude of the drift wan
smaller by an order of magnivtude. A rough calculation indlcates that the
decrease of the rotational velocity of the vehicle in free flight was eauscd
by the interaction of the geomasnetic field with the rotating eonductive
structures and components of the rocket, dissipating the rotational energy
in the form of eddy currents.

The value of Tp given ty this analysis are listed in the second column
of Table 2-1. '

TABLE 2-1
Flight No, Precession Spin Period,
Period, T, Ts o S
(sec}f (sec) Degrees Degrees

2019 3.793 + 001  L4.861 + .00k 5+ 2 8945
2021 30.00 + .02 6.G54 + .005 16.2 + 1.5 87.1
2024 17.41 + .01 1.97 * .02 20.5 + 1.6 8h.5
2027 1.818 to 1.830 1.4h0 to 1.756 5+ 3 89
20k2 9.958 + .003  4.292 + ,002 b+ 2 88.5

2.1.2. DETERMINATION OF ROTATIONAL ANGULAR VELOCITY

The angular velocity, cL)s’ of the rocket about its longitudinal axis,
S, was obtained from the "radiatien signal," defined as the curve obtained
by plo%ting the counts per pedestal of a channel versus time. (Prineipally,
Channels 1 and 5 were used for this purpose.) By measuri:g N, the number of
cycles (including fractions of a cycle) of the radiation signal which
occurred in an integral number, n, of precession periods, the value oi'cA)ﬂ
was dcduced from the relation, )

W, = (Wen),. (2-k)

10
LOCKHEED AIRCRAFT CORPORATION MISSILES and SPACE DIVISION



-y G N E En ew

2-96-61-1

This equation was appropriate becouse, for every rocket flight, the
angle C was found to be greater than @ as described below. If g‘ had
been smaller than O, then the equation,

. = (N/an - 1) u)p, (2-5)

s
would have been used.

The equations above can be verified in the following manner: Differ-
entiation of Equation (2-2) with respect to time gives,

7;/‘: W+ q}p (cos{ - cos @ cos 7] )/sin277 . (2-6)

Since 71/‘ is measured from the radiation plane while &) t + d is in the
first or second quadrents, as shown in Figure 2-1, 7/ equa.ls one-half the
angular frequency of the radiation signal. Hence, the average value of
over the integral number n of precession periods is,

<’W>= (1/2) « 2IF N/nr

= (l/nTp) - [ws + u)p (cosT -cos @ cos”? )/sina’?] at
o

By substituting in this equation the value of cos 1' given by Equation (2-1)
and performing the integration, equations (2-%) and (2-5) can be obtained.
(After substituting BEquation (2-1) for cos ')7 , the second term in the inte-
gral above can be integrated by partial fractions.)

The measurements of the spin periods, Tp = 27'('/(4) g’ of the rockets are
listed in the third column of Table 2-1.

2,1.3 DETERMINATIONS OF @ AND &

In principle, three independent methods can be used to obtain the value
of { , and two independent methods can be used to evaluate O, First, the
angle ( can be cvaluated by considering the vehicle to have the configura-
tion of a "symmetrical” top. Then if R represents the ratio of the small to

11
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the large principal moments of inertia of the vehicle, C is given by the
equation

cos { = R CLL/CLJT, (2-7)

'The angle ( can also be determined by analyzing the sipnal strength
records. This method is discussed in the following section. The angle O
can be obtained in this way by using avalilable geomagnetic dip and d~clina-
tion information.

Finally, the angles ( and @, as well as the precessional phase angle,
d , can be determined by measu:ing the time variation of the period of the
rgdiatien signal within a precession period. Equation (2-6) gives the time
dependence of ene-half the angular frequency of the radiation signal;it

varlies from & minimum value of

s

/Vmin =ws - u)p sin ©/sin ( L - 0)
(2-8)
for W t+a_=- T7/2
p p

to a maximum value of

/Vma.x =0 + (J)p sin O/sin (L + 9),

(2-9)
for (,4_)pt:+dp = T2,

Hence, a graph of the time interval between the peaks of the radiatiqn signal
glves the precessional phase angle, dp, and the extreme values of /yf .
Equations (2-8) and (2-9) can then be solved simultaneously to yleld @ and
¢ . . .

Actually, the extreme values of /y/‘ could not be measured sufficiently
well to determine both ( and © with good accuracy. A pgraph of some of the
mecasurements of the period of thc radiation signal within a precession
period of the rocket is shown in Figure 2-2. The time marked O on the

abscissa corresponds to the time 079 ceconds recorded on the data read-out
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sheets. From this point on, differences in the times of occurrence of the
peaks were plotted against the time between the pcaks given by the "read-
out" time minus the sum of OT45 sec and an intepral number of precession
periods (17.41 sec.). The scatter of the measurements shown in the graph

are reprcsentative of the data taken throughout the flight.

The value of 4— given by the signal strength analysis for flight 2024
agreed with the value of ¢  given by Equation (2-7) to within 1°, The
value R = 1/90 was used for the ratio of the moments of inertia. There-
fore Equation (2-7) was used to compute the values of & for the other
flights. These values are listed in the last column of Teble 2-1.

For each of the flights 2021, 202k, and 2042, the angle ©, listed in the
fourth column of Table 2-1, was then obtained by averaging the values of ©
given by Equations (2-8) and (2-9). (The angle §' computed as indicated above
was used in these equations.) The extreme values of 7;” were obtained by
averaging over the entire flight the period measurements of the radiation
signal which occurred at the appropriate times within the precession period.

On flights 2019 and 2027, the precession and rotation periods of the
rocket were'comparable in magnitude. Hence, the method used above to deter-
mine the variation was not applicable., The following method was used to
determine the values of @ for these flights: Starting at a time To’ where
the counting rate of the detector in Channel 1 was high, each value of the
counts per pedestal given in the data sheets was recorded against the time of
occurrence of the pedestal minus the sum of To and an integral number of pre-
cession periods. Tne number of precession periods used in this subtraction
was that which yielded a net time interval which was greater than zero but
less than a full precession period. Also, the rotational angle was computed
for ea?h of these data points by multiplying the rotational angular velocity
by the time of occurrence of the pedestal minus the starting time To. A deduca-
tion of 360o from the rotation-angle computations was made whcnever a complato
rotation was exceeded. After about 300 data points were recorded in this
manner, the preccssion period was divided into 12 equal intervals of time,
end the counts per pedestal which fell into each of these time intervals were

plotted against the rotation anrle corresponding to that lata point. Each of

14
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these graphs therefore yielded the contour of the radiation plane (actually
the fold with the angular response of the detector) for a small angular
range of the precession angle. Then a graph was prepared giving the ro-
tational angle at which the peak of each of these distributiens occurred
versus the time increment of the precession period. This graph yielded

8 sinugoidal curve; the difference between the maximum and minimum values
was equal to 20 (strictly true only for { = 90°, see Figure 2-1).

A very small displacement of the peaks was observed in these distribution
curves for the flights 2019 and 2027, and the resulting estimates of the
angles ¢ are given in Table 2-1: (This method of analysis was verified by
applying it to flight 202L.)

2,1.4 DRTERMINATION OF PHASE ANGLES dp AND ds.

The precessional phase angles dp were obtained by fitting the curve given
by Equation (2-6), with the values of {' and Q@ computed as indicated above,
to the measurements of the periods of the radiation signal within a precession
period. Such a curve is drawn to the data in Figure 2-2,

The rotational phase angle was detérmined for each group of data which
were read-out consecutively (for each "roll" of data read), by preparing
graphs of the counts per pedestal versus time. These phaseangles were deter-
mined in this manner to avoid the large accumulative errors.

15
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2.2 ROCKET ORIENTATION FROM ANTENNA RADIATION PATTERN

It was not necessary to use the telemetry signal strength rezords to pet
the orientation of the rocket with respect to the radiation plane, except for
the determination of the precession period, as shown by the above analysis,
These records were usced, however, to establish the ovientation of the radia-
tion plane in space, and to verify the calculations, based on the above
methods, of the angles which describe the motion of the spin axis of the
vehicle.

Figure - 2-3 depicts a right-handed coordinate system, x, y, 2z, whose
origin is at the center of mass of the vehicle., The x-z plane lies in a
meridian plane with the z-axis directed towards the local zenith and the
x-axis towards the south. V represents a vectoi which points towards a
particular ground receiving station. Its direction cosines with respect to
the x, y, and z axes are designated by the symbols Cy , ﬂ , and a/ ,
respectively. Again A and S represent the constant angular momentum vector
end the spin axis of the vehicle; and ( is the constant angular displace-
ment of S and A, The angular displacement of the 5, A plane from the node
n(A,2) is given by the angle Oup(t-to). The location of the node is given
by the angle ﬂ, measured from the x-axis, and /< represents the angular
displacement of A with respect to the z-axis.

Now, the intensity of the electromagnetic radiation recorded by the
ground station during the time interval of a precession cycle depends on the
inclination of the longitudinal axis of the vehicle with respect to V. This
angle will be represented by the symbol, )( » It is given by the ~quation,

cosx = (A cos ? + .6 sin ? ) sin C cos Q)p(t-to) +
(O(sin? - p cos ?) sin K sin [(cos-lsin { cos n(t-to)J

+ J/[COSC cos K + sin{ sin K sin (,L)p(t-to)J © (2

1)

1o
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X

Fig. 2-3 Coordinate System for Determination of Rocket Motion From
Antenna Signal Strength Data

17
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The direction cosines, X , ﬂ s X s can be computed from the known
geographical locations of the ground stations and the rocket. A relation-
ship between r and K be obtained as follows: By correlating the signal
strength record received by a particular ground station with the antenna
radiation pattern, )( can be determined as a function of time, Hence, an
integration of cos )( (t) over a precession period tp glves,

1+T

cos X (t) dt = JTP cos ( cos K ,

since the oscillatory terms of Equation (2-10) do not contribute to this
integral.

Three additional equations are required to evaluate the constants f' ,
K R ? , and to. These equations can easily be obtained by writing
equations of the form of Equation (2-10) for each of three ground receiving
stations, utilizing the times at which nulls occur (cos)( = 0) in the
signal strength records of these stations.

An analysis of this type was conducted for Test 2024. By utilizing
the magnetic dip and declination values, at the surface of the earth below
the rocket, given by the Smithsonian Physical Tables, excellent agreement
was obtained witt the results given by the analysis described in Section 2.2.
The angles O, C- , and dp calculated by these independent methods, were all
in agreement to within 2 degrees. Taerefore, at the positions of the rockets
in space which were used in these analyses, the radiation plane was found to
be perpendicular to the directior of the local geomagnetic field.

18
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3. CALIBRATION OF DETECTORS

The geometric functions of the detectors, G(E,47 ,/?”), described in
Section 1 were determined by irradiating the detectors with an electron
beam of known energy and intensity in a large vacuum chamber. A 180 degree
beta-ray spectrometer was used to obtain a beam of monoenergetic electrons.
With a SrY source at the spectrometer entrance, the output beam energy could
be adjusted to any value up to about 2 Mev. The entire Jason instrumentation
package was placed in the beam to take into account the scattering of electrons
from exposed surfaces into detection channels. Although the electron beam was
highly collimated, a combination of rotational and translational motions of
each detector under calibration in the beam simulated the effert of a broad
planar flux covering the extent of the detector. A special gimbal mechanism
was constructed to support the instrumentation package at all possible
spatial orientations. This mechanism facilitated the calibration of the
detectors as functions of the angles ’7 and /V wvhich give the orientations
of the detectors with respect to the radiation plane.

The radiation plane was simulated by rotating the gimbal support mech-
anism on a turntable at constant angular velocity. To avold twisting cables
connected to the geiger tubes, the turntﬁble motor was stopped and reversed
in direction each time the geiger tube under calibration was rotated to an
anguler position where the collimation of the tube reduced its counting rate
to zero. The "thickness" of the radiation plane was effectively extended to
cover each long detector (Anton 106C gelger tube) by moving the tube through
the beam along the long dimension of the collimator. This translational
motion was provided during the calibration by a motor-driven carriage mounted
on the gimbal support.

A translation of the Anton 222R geiger-tube detectors through the beam
was not required because the collimator apertures of these detectors were
smaller than the cruss sectional area of the beam.

1)
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Figure 3-1 illustrates the manner in which the orientation angles 47
and 7V‘ of the long detectors were adjusted in the laboratory. The angle
27 , which gives the displacement of the spin axis of the rocket from
the local geomagnetic line of force, was adjusted by inclining the geiger
tube axis to an angle T /2 - 7 wvith respect to the horizontal plane
(plane of the turntable). The angle ’y/ , which denotes the displacement
of the "central-aperture" vector of the detector from the radiation plane,
measured in a plane perpendicular to the spin axis of the rocket, was set
in the laboratory by rotating the detector about the line L L. This line
is shown in Figure 3-1. It is located in the entrance plane of the colli-

mator, and it bisects the asperture along the long dimension of the collima-
tor,

Figure 3-1 also depicts the proper relative locations of the beam, the
turntable sxis, and the geiger tube. As shown in the figure, they were
arranged such that the line L L of the detector, the axis of the turntable,
and the center-line of the beam intersected at the single point marked O.
This point will be referred to as the central irradiation point.

Preparation f.r a calibration run consisted of adjusting the angles 77
and ’yﬁ , setting the beam energy E, and running the translation carriage
to one of its extreme positions. (The detector was out of the beam at the
extreme positions of the carriage.) The run was begun by turning on a
scaler which recorded the geiger tube pulses and a special electronic unit
which controlled the rotational and translational motiens of the detector.
The motions were fully automatic, with the carriasge advancing a small
distance A S along line L L for each rotation of the turntable. After
the carriage traversed the beam and reached its other extreme position, the
detector motiens were stopped and the scaler was turned off automatically.
The tobal number of counts, CT’ accumulated during the run was recorded.

To obtain the background counts, CB’ the run was repeated with the beam off
(zero magnet current).

20
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Z Axis of Turn Table

) C Central Aperture Vector
4

l ~ 21 ot
| T~ k
) —
N
Fan-Shaped Beam

Centerline of Beam

\

Fig. 3-1 Schematic Diagram Showing Orientation of Detactor in Electron Beam.

UK EER A RCRAET

The dashed line LL is the axis about which the detector is rotated to
determine the ¥ -angle response. This line bisects the collimator of
the detector in the entrance plane as shown

21

[
O

RPORATIO, MISSILES and SPACE DIVISION



2-96-61-1

The geometiic function was then computed by means of the equation,

c('q,y.E)=—‘—\§;,—°9—s-37. E%E;%P)— , (3-1)

vhere

AS = linear displacement of detector per rotation of turntable

v = width of beam
CT = total counts during run
CB = background counts
I(E) = electron beam intensity (number . 2 . sec'l)
T = period of rotation of turntable

This equation can easily be derived formally, but it is somewhat more
direct and instructive to verify the equation purely on the basis of physical
considerations., In Section 1 the geometric function of a detector was
defined by the equation,

R(’V,,/l//‘) = '/‘G("):/V)E) f(E) dE’ (3"2)

vhere R(O? ,ﬁ(‘) is the counting rate of the detector oriented at anglesﬁq
and fy to a planar flux f(E). The function G has units of em® when £(E)
1s given in units of number » cm > « sec .. Mev ' and R is expressed in
counts - sec'l. If the planar flux ~onsists essentially of electrons of
energy Eo within a small energy spread AE, then an integration over AE

ylelds

R(n:/y,%) = G(,’):,V/)EO) F(FO)’

where F(Eb) represents the intensity of the planar distribution of electrons
of enewgy E within AE in units of number . ™2 . secL, Moreover, if
the counter is maintained in this position for a time T, its counts, C
would be given by the equation

¢ = R = &7 ,4\E) F(E) T (3-3)

14
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Now, during the calibration process, the linear motion of the detector
through the beam effectively widens the beam to the extent of th:¢ tube and
beyond. The total number of electrons per unit area of this "effective"
beam to which the detector is exposed is given by the number of electrons
which traverse a differential area moving through the width, w, of the
actual beam at the rate of ( A S cos 7 )/T. (See Figure 3-1). Since the
beam intensity of the actual beam is I(Eo), this number is I « w « (T/AS»
cos'q )« But since the tube was rotated during the calibration, this areal
density of electrons was uniformly distrituted in angle around the detector.
It is therefore equivalent to an irradiation of the detector with a planar

flux of F electrons - cm'2 . sec-l for a time duration T. Or,

FI = IwT/( AS cos 1) ). (3-4)

When this value of F is put into Equation (3-3), the validity of Equation
(3-1) is verified.

Since the apertures of an Anton 222R detectors were much smaller than
the cross sectional area of the beam, each of these detectors was calibrated
by locating the center of the entrance aperture of the collimator at the
central irradiation point and rotating the detector turntable while scaling
the counts. The geometric function was then computed by using Equation (3-3)
in the fomm,

Cp.C
G('V) ,/‘riE) = WL ’ (3"5)

where N is the number of times the detector was rotated in the beam to obtain
good statistics (N & 100).

23
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3.1 EXPERIMENTAL APPARATUS

The experimental equipment used in the calibration of the detectors,
except for a rack of electronics equipment, is shown diagremmatically in
Figure 3-2 and pictorially in Figure 3-3. The equipment can be grouped
into three principel categories: the beta-ray spectrometer; the planar-beam
simulation platformm, which jncludes the gimbal support mechaaism as well as
the turntable and translation carriage mechanisms; and the electronics equip-

ment.

3.1.1] THE BETA-RAY SPECTROMETER

The beta-ray spectrometer is shown at the left of the chamber. This
consisted of a 180-degree magnetic deflection spectrometer using a one milli-
curie Sr-Y cource. The spectrometer was mounted on an adjustable platform
and located on the small table shown in Figure 3-2, The beta-decay source
and the collimation slits which selected the radii of curvature (f) 2 3 cm)
of the electrons were mounted in an aluminum vacuum tight housing of outside
dimensions 2-1/2" x 3-1/2" x 1/2", and this "wafer" was inserted into the
gap of the magnet. A silphon link was used to connect the wafer to the
vacuum tank. In order to rapidly suppress the stray field of the magnet
along the path of the electron beam, a one-inch thick cylinder of cold-rell
iron was sealed between the wafer housing and the silphon, as shown in
Figure 3-2. A wi.dow was cut through the iron shield to enable the electron
beam to enter the vacuum chamber. The flexible link and the adjustable
nagnet-support platform facilitated tlie positioning of the beam in the tank.

After the beam entered the vacuum chamber, it was further collimated to
limit its cross section to 3" x 9/16" at the central irradiation point "0"
shown in Figure 3-1. A schematic diagram of the spectrometer and the beam
is sha;n in Figure 3-k. The spatial and energy distributions of the beam
are described in Section 3.2

A special variable-current power supply was constructed for the magnet
of the spectrometer. This supply delivered up to 7 amps at 24 volts, which
was more than sufficient to reach the end-point energy of the SrY source.

el - . B BN B O O R e

The desired magnet current was adjusted by reading the potential across an
80-mil nichrome-wire shunt with a Rubicon portable potentiometer.
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Fig. 3-3 Experimental Apparatus
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3.1.2 PLANAR-BEAM SIMULATION PLATFORM

In this section a description is given of the "target" platform which
is depicted at the center of the vacuum chamber in Figure 3-2. This plat-
form serves a dual function: it supports the detectors at the required
orientations with respect to the simulated radiation plane, and it rotates
and translates the detectors in the electron beam to effect an irradlation
of the detectors by a planar flux. A diagram of this assembly is shown In
Figure 3~5.

The turntable was located at the bottom of the cylindrical "well" of
the vacuum chamber as indicated in Figure 3-2, An O-ring seal was used to
feed the shaft of the turntable through the base plate of the chamber.

The turntable drive mechanism together with a cam-microswitch arrangement
which controlled the maximum angle of rotation of the turntable in either
direction were located beneath the chember. A Bodine synchronous-capacitor
motor drove the turntable through reducing gears at the uniform rate of

0.25 rpm. This equipment under the chamber is shown in Figure 3-6.

The gimbal mechanism, which rides on the turntable and supports the
translation carriasge to which the instrﬁmentation package is attached, is
illustrated in Figure 3-5. Also, pictures of this device are shown in
Figures 3-7a and 3-7Tb., Figure 3-Ta affords a good view of the motor and
screw-drive mechanism which move the detector package across the electron
beam. A study of Figures 3-5, 3-«Ta, and 3~7b reveals the manner in which
the detector-orientation adjustments were made. The angle 7? was sct by
adjusting the positions of the clamps on the two C-bars mounted to the base
plate. The angle /;l/' was adjusted by rotating the carriapge mount structure
about. a shaft fixed to the brace which rides on the C-bars.,

The carriage-drive motor was a Bodine two-phase servomotor which had an
output of 22 revolutions/minutc through a gear-reducer system. Since it war
necessary to operate this motor in the vacuum system, special precaution:
were taken: the original oil in the motor was replaced with Gilicon (r.o:o,
and a heat sink for the motor was constructed. The heat sink provision con-
sisted of constructing good thermal paths for the conduction of the motor heni
to the structure of the gimbal mechanism.
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Fig. 3-5 Diagram of Gimble Support Mechanism
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»

IBLERE. o5 ... .

Fig. 3-7a Gimble Support Showing Carriage-Drive Mechanism
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Fig. 3-7b Additional View of Gimblc Support
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3.1.3 ELECTRONICS EQUIPMENT

The automatic operation of the rotation-translaotion motiomsof the
detectors was controlled by a master control unit. The operation was such
that the carriage was moved in preselected movements of 1/16-inch, 1/8-inch,
or l/h-inch every time a turntable limit switch was hit by the pre-set cams
on the turntable axis. A block diapram of the logic of the automation
system which performed this function is shown in Figure 3-8, and the

operation of the equipment during a calibration run is outlined below.

(1) The cams on the axis of the turntable were aljusted for
the desired limit of rotation of the turntable in each
direction. These limits were set by observing the rota-
tion angles at which the counting rate of the detector
under calibration dropped to its cosmic-ray background
level.,

(2) The "Electrical Override" on the master control unit
was then operated to move the carriage to the starting

position. At this position the detector was just out of
the beanm.

(3) The trenslation movement of the carriage (1/16", 1/8", or
1/4") for the run was selected by adjusting the "Stepping
Device Preselector" switch.

(4) The run was then started. The turntable rotated in a
certain direction until a limit switch was hit.

(5) The actuation of the limit switch initiated the following
sequence of events:

e The turntable motor was stopped.

e The stepping switch was energized, and it
applied a step voltage to the innut of a
servo-amplifier. The magnitude of this
voltage controlled the incremental motion
of the carriage.
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e The output of the servo-amplifier energized
the carriage motor until the new position
of the carriage was reached.

e The correct position of the carriage vas
sensed by the balancing of the voltage
applied to the servo-amplifier by the
stepping switch and a voltage controlled by
a micropot connected to the screw-drive
shaft of the carrisge.

o After the correct carriage position was
reached, the turntable mctor was again
actuated, but with reversed polarity,
effecting the rotation of the detector in
the opposite direction.

(6) This process was repeated each time a limit switch was
actuated until the carriage reached its opposite limit
position across the beam.

(7) After this position was reached, the detector motions were
stopped, and the scaler which recorded the total number of
detector pulses during the run was disengaged.

Thirty to seventy rotations through the beam were made during a run. The time
duration of & run varied from 30 to 60 minutes.
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3.2 ALIGMMENT AND CALIBRATION OF ELECTRON BEAM

In preparing the spectrometer for the detector calibration work, the
fan plane of the beam (the medium plane through the spectrometer magnet
gap) was first aligned with the center-line of the turntable axis. This
elignment was accomplished by adjusting the position of the spectrometer
outside the chuamber while monicoring the location and distribution of the

beam inside the chamber.

Energy spectra of the electrons were measured throughout the cross
section of the beam by means of a plastic scintillation spectrometer.
Pulse height distributions from the spectrometer were recorded by a 100-
channel pulse height analyzer. Spatial distributions of the intensity as
well as the spectra of the electrorns in the beam cross section were measured
by mounting a collimating slit in front of the plastic scintillator and
moving the spectrometer through the beam with the translation carrisge
mechanism. By setting the gimbal settings to 77 = 90o and /yy’ = 0,
horizontal cuts through the beam were taken. Such traversals were made at
various elevations with respect to the central irradiation point to test
the vertical alignment of the fan plane of the beam, With the gimbal settings
at 47 = 0 and ’Vﬂ = 0, vertical cuts through the beam were taken,

With no external collimation of the beam, the results of these measure-
ments revealed the following information:

(1) The edges of the beam were quite sharp, being "smearcd"
over a distance which was well within the width of the
detector slit (3/16").

(2) The cross section of the beam had a width of about 5/8" and
a height of 6",

(3) The energy spectrum was quite uniform over the entire cross
section: the greatest departure from unifomity was
observed at the lowest electron energy of interest (E
150 kev); here, the displacement of the peaks of the pulse-
height spectra over the 6" height of the beam was nbout 5%,

and
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(4) The intensity distribution along the height of the beam
was far from being uniform: it varied rather linearly
along the height, differing by nearly a factor of two

from one end to the other.

The non-uniform vertical distribution of the electron beam intensity
was unfortunete, and it was necessary to restrict the height of the beam
to a region where the linear approximation of the intensity variation was
good. A linear variation was not considered to be troublesome since the
detectors were symmetrical above and below the central irradiation point
"or,

Since it was necessary for the beam to cover the entire aperture of
the detector in the vertical direction, the minimum height of the beam was
dependent on the orientaticn angle 01 and on the width of the team. This
height was found to be about 1-1/4" for the meximum range in 7) (69° to
lll??given by the analysis of the body motions of the ruckets and for a
beam vidth of 9/16". Hence, the external collimator shown in Figure 3-4
was arranged to restrict the width of tﬁe beam to 9/16" and the height of
the beam to ahout +1" from the central position.

The horizontal distribution of the beam across the central position
was then measured, and the result is shown in Figure 3-9. The solid-line
trapezoid drawn in the figure depicts the fold of a 3/16" slit with a 9/16%
wide pedestal-shaped beam distributien., The vertical distribution of the
beam is shown in Figure 3-10. The origin, point O, of the abscissa corres-
ponds to the central irradiation point.

After the beam was aligned and calibrated, the intensity and energy of
the beam versus magnet current were measured with a plastic scintillation
spectrometer. A collimator with an aperture 3/4" wide and 1-1/2 high was
placed in front of the 2" diameter plastic scintillator, and the spectrometer
was mounted on the gimbal mechanism such that the center of the aperture
coincided with the central irradiation point "0" shown in Figure 3-1 and
Figure 3-5. In this condition, therefore, the entire width of the beam and
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the height of the beam from -3/4" to +3/h" shown in Figure 3-10 fell within
the aperture of the spectrometer. Pulse-height spectra were then obtained
with a 100-channel analyzer as a function of magnet current. For cach
value of the magnet current used, the beam energy was taken to be that
given by the peak of the pulse-height spectrum after the background spectrum
was subtracted. Various a/-emitting radioactive sources were used to
calibrate the scintillation spectrometer. The intensity of the beam was
computed from the total number of counts in the distribution above the back-
ground. The energy of the beam as a function of the potentiometer reading
of the voltege across a standard shunt is given in Figure 3-11. The inten-
sity of the beam, also as a function of the potentiometer reading, is given
in Figure 3-12.

By cycling the magnet current before adjusting the current to the
desired value, the beam energy was found to be reproducible to about 2%.
A recalibration of the beam after a moath of operation revealed a negligible

change in the beam characteristics.

The beam energy as a function of magnet current was also computed by
measuring the magnetic field in the center of the magnet gap with a 1%
flip-coil magnetometer and the mean radius of curvature ellowed by the
spectrometer stops. These computations agreed well with the spectrometer
measurements when a radius of 2.90 cm was used rather than the measured
value of 3.00 cm. This error probably resulted from the fact that the peak
field intensity rather than the mean intensity along the path of the
electrons was used. Further agreement with the energy calibration of the
beam was observed by preparing a Fermi plot of the intensity distribution
data. This plot, shown in Figure 3-13, is seen to define a straight line
which yields the end-point energy of the SrY source used in the spectrometer
to within a few percent.

3.3 DETECTOR CALIBRATION RESULTS

The method used in the analysis of the data obtained with the Wallops-
Island launched rockets required knowledpe of the geometric functions of
the detectors in the orientation range 69°< 07 < 111° and -20°< /y/‘s 20°,
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The range in 97 was given by the determination of the body motions of the
rockets in free flight. The range in /30“ of + 20o was important because
only those counting rates of the detectors which were read out in this
range of fyf were used in the analysis. Counting rates which were

sampled in flight while the detectors were oriented at larcer ancles of
were not used because it was believed that large errors would have reculted
from the non-planar distribution of the trapped electrons.

The geometric functions measured in the laboratory were obtained for
various values of the parameters 77 , , and E. The data below reveal,
however, that the geometric functions of the long tubes were quite insensi-
tive (less than 5%) to the orientation angle 17 within the range given
above., This dependence was therefore neglected. Moreover, since the count-
ing-rate samples which occurred within the ’yV interval of i?OO wvere averapy
over & number of spin cycles of the rocket, the geometric functions used to
unfold the data were also averaged over this interval of 1}” in a manner
discussed below. The end result, therefore, was a geometric function for
each detector which was dependent on the electran energy alone.

The counting rates of the small detectors were analyzed in a somewhat
different manner, as discussed below, But that method also required an
average of the geometric functions over the interval -20°¢ ’y” < 20°,

The calibration data are given below, with the results for the long
detectors preceding those for the small detectors. Within each of these
groups of detectors, the detectors are considered in the order of their
increasing threshold energies.

3.3.1 CALIBRATION OF CHANNELS 1 AND 5

The detectors in Channels 1 and 5 were identical in construction. Each
consisted of an Anton 106C geiger tube (30 mg/cm2 - steel wall thickness)
with a brass collimator forming six rectangular windows along the lcngth of
the tube (see diagram in Figure 1-1).

First the orientation angle 0? of the detector in Channel 1 was set
equal to 90° (longitudinal axis of detector in radiation plane), and calibra-
tion runs were made at a number of values of beam energy for each of the

LOCKHEED AIRCRAFT CORPORATION by MISSILES and SPACE DIVISION

Ml N N O A aE = = aEm e



- o BN E SN ey -

LOCKHEED AIRCRAFT CORPORATION

2-96-61-1

following settings of 7Y : -25.2% -19.8°, 12.6°, -3.6°, +3.6°, +10.8°
and +19.8°. Using Equation (3-1) the geometric functions were computed
from the data obtained at each orientation of the detector, and the
functions were plotted against electron energy. A graph of the results
for the position 47 = 90°, /yﬁ = 3.6° is shown in Figure 3-l4. The error
bars drawn at the data points are standard deviations due to counting
statistics. Error bars are not shown at the lower energy points where the
errors are smaller than the circles depicting the daeta. The threshold
energy of this detector is seen to lie at about 200 kev.

To obtail an average of these geometric functions over the angle ’99”,
the ' functions were read off the curves drawn through the data as shown in
Figure 3-14 at various values of electron energy and plotted against the
angle ’Vﬁ . A graph of the resulting curves, for a few of the energy para-
meters used, is shown in Figure 3-15. The geometruc functien for each of
the energy parameters used, was then averaged over the interval - °$;4f"5i
20° by means of a planimeter. The geometric function given by this averaging
process is shown in Figure 3-16.

The result of a calivration run taken at 47 = 72°, /?” = 0 is shown in
Figure 3-17. Within the statistics of the measurements, the geometric
function given in this figure is indistinguishable from that given by extra-
polating the measurements teken at 47 = 90°, /y” =-3.6° (see Figure 3-14)
to the peak response at ’yﬁ = 0 (see Figure 3-15).

Two additional calibration runs were taken, one at 07 = 72°, ’yﬁ =0
and the other st Y] = 12°, (2 19.8°. During these runs, three of the
six collimator windows of the detector (see Figure 1-1) were covered with
1/8" of copper, as was done on some of the flights. The covered windows
were the window# at the extreme end of the detector (end towards nose of
rocket) and the other two were the adjacent windows at the opposite end of
the detector. The ratio of the geometruc functions of the plugged and
unplugged detectors measured at the same orientation to the beam ( 07 = 72°,

= 0), was found to be 0.652. Moreover, this value agreed with the ratio
of the geometric function of the plugged detectors at ?7 a 720, 17' = 19.8°
to that of the unplugged detector at “7 = 90°, ’y” a 19.8°, ylelding
further evidence of the ineensitivity of the geometric functions to relati-
vely small departures of ?? from 90°,
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Table 1 in the Appendix lists the energy-dependent geometric funccion
of the plugged detector in Channel 1. It is the geometric function shown
in Figure 3-16 multiplied by 0.652.

3.3.2 CALIBRATION OF CHANNEL 7

The detector in Chennel 7 also consisted of an Anton 106C geiger tube,
but this tube was not deliberately collimated. It was shielded with a
cylindrical sheath of aluminum about 150 mg/cm2 thick.

Visual observations revealed that, throughout the orientation range
6°<y € 1° 20 < A € 20° ana beyond, the aperture of the
detector in a planar flux was unchanged. Measurements of the counting rate
of the tube at various electron energles revealed that this was indeed the
case, For ‘37 = 90° these counting rates were found to be constant over a
total range of /V” of about 60°, Hence, an averaging of the geometric function
of this detector over 7V'was not necessary.

The energy-dependent geometric function of this detector is shown in
Figure 3-18a. The threshold energy 1s about 470 kev. Since these data in-
dicate that the response of the tube is étill rising appreciably at the
highest electron beam energy used, the cylindrical shield was removed to
measure the geometric function of the "bare" tube. This bare tube value was
considered to be a reasonable value which the shielded detector would approach
at higher energies. Hence, the curve drawn to the data was extrapolated to
the "bare" tube value as shown in Figure 3-18b. This geometric factor is also
listed against energy in Table A-l.

3.3.3 CALIBRATION OF CHANNEL 3

The detector in Channel 3 again was an Anton 106C geiger tube, not
deliberately collimated, but encased within a cylindrical shield of aluminum,
400 mg/cm2 in thickness.

Again, visual as well as experimental observations revealed that the geo-
metric function of this detector should be constant in a planar flux over
the range of orientation of the detectors given above. The experimen:.al
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results obtained at two different values of 77 but with 7V“ anywhere in
the interval -25°< Y < 25° are shown in Figure 3-19. The reoults indi-
cated by the circles were obtained at 7) = 90°, and the crossed lines
show the results of the measurements at 77 = 72°. The thveshold energy
of this detector is at 940 kev,

Unfortunately, the l%g}ted beam energy of the spectrometer highly
restricts the full calibretion of this detector. It was necessary to extra-
polate the geometric function of this detector to that of the "bare" tube
value., Since the extrapolation was extreme, a study was undertaken to seek
a physical basis for the extrapolation,

The following empirical method was devised for this purpose., (It was
also used to compute the geometric function of the detector in Channel 6.)
The measured values of the geometric functions of the detectors in Channels
7 and 3 were divided by the "bare" tube value to obtain the effective trans-
mission function of each detector, These transmission curves were found to
be systematically lower than the transmission functions for nommal-incidence
electrons on plane absorbers of corresponding materials and thicknesses.
(The normal-incidence transmission date of Marshall and Ward3 and Hereford
and Swannu were used in this analysis.) The diminution of the tube trans-
mission from the nommal transmission values at each electron energy was
caused by the particular distribution of the incidence angles of the clectrons
on the tube resulting from the irradiation of the cylindrical detector by a
planar flux, Hence, the ratio of the tube transmission to the normal trans-
mission plotted against energy should give a curve which reflects the combined
effects of the shape of the detector and the angular distribution of the
flux. If this is true, then detectors with different shield thicknesses but
of the same shape and exposed to the same flux should yield identicel ratios
of tube trausmission to nommel~incidence transmiscion as functions of
electron range in units of obsorber thickness. Fipgure 3-20 shows that the
agreement of these ratios obtained from the calibration data of the dectectors
in Channels 7 and 3 is fairly good. The sullid curve drown through the data

3. Marshall and Ward; Canadion Journal of Research; A 15, 30 (1937)
4, lHereford and Svwann; Phys. Rev, 73, 727 (1950)
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glven by both counters was therefore used to extrapolate the geometric
function of the detcctor in Channel 3 to higher electron enerpies.

The final energy-dependent peometric function of this detector is
given in Table Ael.

3.3.4 CALIBRATION OF CHANNEL 6

The detector in Channel 6 also consisted of a shielded Anton 106C geiger
tube with no deliberate collimation. This counter was shielded with a
cylindrical absorber of brass 2000 mg/cm2 thick.

In this case the threshold enercy of the detector (4.3 Mev) precluded
an experimental evaluation of any portion of the gecmetrie function of the
detector with the beta-ray spectrometer. Hence, the geometric function was
computed by means of the empirical method described above. TFor this purpose
the curve of Figure 3-20 was slightly modified by plotting the transmission
ratios against electron range in copper in units of the copper-range of
electrons at the threshold enerpgies of the detectors in Channels 7 and 3.
This curve, together with the Hereford and Swann nomal-incidence transmission
data for the sbsorber (copper) thickness used in Channel 5, were used to
compute the transmission function of that detector. The geometric function
was then obtained by multiplying this transmission function by the "bare"
tube value of the detector in Channel 7.

The resulting geometric function is shown in Figure 3-21 and listed in
Table A«l.

3.3.5 CALIBRATION OF CHANNIL 2

The detector in Channel 2 consisted of an end-window Anton 222R geiger
tube, with a flat aluminum absorber, about 28 mg/cm2 thick, placed over the
window of the detector, the detcctor’ was collimated by means of a circular
hole, about 0,10 cma in area, drilled through a brass "plug" at an angle of
30° with respect to the axis of the geiger tube (see Figure 1-1).
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Since the collimator aperture was circular, the gecometric function of
this detector was dependent only on the angular displacement of the colli-
nator nxis from the roadiation nlanc. The data from this detector were
analyzecd oy using the countinpg-rate somples taken when this angular dis-
placement was less than‘ilo0 as discussed in Section ». This 10° displace-
ment of the axis corresponds closcly to qu = f20° for 77 = Tr/2. Hence,
the geometric function used for the analysis of the data was that measured
for ’)7 = I[/2 and averaged over -20°< Y< 20°, During portions of the
precession cycle of a rocket where ‘07 f 900, this method of averaging the
geometric function does not give the correct average of the function over
the displacement angle; however, the maximum deviation due to this cause
is 6%, small in comparison with the uncertainty in the collimation of the
tube discussed below.

The detector was calibrated by setting 4? = 90° (longitudinel exis of
gelger tube in radiation plane) and rotating the detector in the beam with
the entrance aperture of the collimator centered at the central irradiation
point. At each beam energy, a calibration run consisted of about 100 rota-
tions of the turntable. The orientation angle 1/“ was adjusted by rotating
the detector about an axis which was in the radiation plane and which went
through the central irradiation point. Calibration runs were taken for ﬂﬁﬂ
angles of -51.0%, -36.5°, -22.6°, -10.4°, 0.0°, 8.8°, 18.2°, 32.6°, u7.4°,
and 61.8°, Equation 3-5 was used to compute the geometric functions. The
measurements of the geometric functions at 07 = 90°, /yﬂ = 18.2° 1s shown
in Figure 3-22. The threshold energy is seen to fall at 145 kev.

The statistical accuracy of the data, as shown in Figure 3-22, was con-
siderably poorer than that of the long-detectors. Therefore, instead of
averaging the geometric functions over the angle /yV‘ as was done for Channcl
1, namcly, by plotting the functions against /&V‘ using ener¢y as a parameter,
all of the data points were used by plotting the integral over energy of the
ceometric tunctions against /y” « A graph of the integrated geometric
functions versus 4%” is shown in Figure 3-23. The average value ot this
response function over the interval; -20°$ /l,l/‘s 20° divided by the response
at the peak 1s 0.932. Hence, by multiplying the geometric functions obtaincd
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at ”7 = 90°, /V/‘ = 0° by this ratio, the final averaged geometric function
for the detector was obtained. This is shown in Figure 3-24 and listed in
Table A-l.

Unfortunately, the circular aperture of this detector, as well as those
of the detectors in Channels 8 and 4, was partially obstructed by a titanium
shield which was placed over the geiger tube package. The magnitude of the
obstruction depended on the orientation of the counter in the package.
Accurate information on the positional setting of counter is not available.
An uncertainty in the geometric function of this tube of 15% has been esti-
meted on the basis of the probable variation of the position of the counter,

3.3.6  CALIBRATION OF CHANNELS 8 AND 4

The detectors in Channels 8 and 4 were identicel in construction to
that in Chennel 2, but the absorbers placed in front of the Anton 222R
windows differed. The detector in Channel 8 had an aluminum absorber 150 mg/c:'m2
thick, and the detector in Channel 4 had a brass absorber, 400 mg/cn2 in
thickness.

Since the geometry of each of these detectors was the same as that of
the detector in Channel 2, only the transmission factors of these detectors
were expected to vary., Hence, the transmission functions alone were measured
for these detectors.

The transmission function of each detector was measured by aligning the
collimator in the beam at the central irradiation point and dividing the
resulting counting rate of the detector, above cosmic ray background by the
product of the beam intensity and the area of the aperture. Figure 3-25
gshows the results obtained for the detector in Channel 8, These data agree
quite well with the Marshall and Ward measurements (transmission of electrons
at nomal incidence through 150 m(;/c:m2 of aluminum), which are also given in
the figure. The threshold energy is 400 kev. The transmission measurements
with the 400 mg/cm2 brags absorter together with the transmisslon curve given
by the Marshall and Ward data for normal-incidence electrons through koo m(;/cm2
of aluminum are shown in Figure 3-26. These data agree as well as can be

-
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expected in view of the different absorber materials used. Since a rela-
tively short extrapolation of the data to higher energies was required, the
Marshall and Ward curve was used to compute the geometric functions for
energies greater than 2.0 Mev., The threshold energy of this detector is
1.00 Mev.

The "averaged' geometric functions of these detectors were obtained by
multiplying the transmission functions of the detectors by the maximum value
of the geometric function of the detector in Channel 2 given in Figure 3-2k,
The results are depicted in Figure 3-24 and listed in Table Arl.

3.3.7 COMPARISON OF CALIBRATION RESULTS WITH INITIAL ANALYSIS OF DETECTORS

In order to compsre the experimental values of the geometric functions
of the detectors with those which were computed (SWC 50-TS-112) for the pre-
liminary investigation of the date, the geometric functions were represented
as a product of the transmission function of the tube and the geometric tube
factor. The function was obtained experimentally at each energy E by dividing
the counting rate of the detector by the value of the planar flux of electrons
of that energy. Hence, the geometric factor of the counter was taken to be
the geometric function for E > D> Et’ vhere Et represents the threshold
energy of the counter. The transmission function of the tube was then obtained
by dividing the geometric function by the geometric factor. The following
comparison was observed hetween the experimental values for 77 = 90°, @/‘a
0° and the values computed for "Orientation B" given in SWC 50-TS-112.

Channels 1 and 5: The measured geometric factor was about 30%

smaller than the computed value. The slope of the transmission
function was less than the SWC-report value by nearly a factor

of two. (The 2g/cm2 copper plugs in windows 1, 5 and 6 diminished
the geometric factor by a factor of 0.652 instead of 0.5).

Channels 3 and 7: The geometric factors were smaller than those
given in the SWC report by 18%. The transmission functions were
in fairly good agreement.

05
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Channels, 2, 4 and 8: The measured geometric factors were
found to be smaller than those given in the SWC report by
about 40%. The transmission functions agreed fairly well,

Channel 6: The empirical method which was used to determine
the calibrations of Channel 6, described in Section 3.3.4,

is considered to be fairly good because of the agreement
obtained by testing the method with the results of Channel 3.
This method yielded a response function for Channel 6 which
is much lower than the function given in the SWC report at
energies near the threshold value, being smaller by a factor
of ten at 5 Mev and by a factor of two at 10 Mev.

Moreover, the initial analysis indicated a factor of thme discrepancy
between the flux given by the geometric factors of the long counters and
that given by the short detectors. This discrepancy does not occur when the

measured geometric functions are used.

66
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L,  ANALYSIS OF RESULTS
4,1 PRESENTATION OF "RAW" DATA

The "raw" deta here refer to the counting rates of the detectors as
a function of time. The computer read-out records listed, for each smmple
of the output of a detector, the time of the sample, the corrzcted count-
ing rate, and the orientation angles 07 and 1[‘ . Of these counting rates,
only those which were sampled when fyﬁ occurred in the interval -EOOS‘ﬂf£§
20o for the long detectors were used; and, for the short deteetors only the
counting rates which were sampled when the collimator axes were within
i;o° of the iadiation plane were used in the analysis. Data which were
obtained at larger displacements were discarded because the geometric
factors of the detectors began to change rapidly with angle, and large errors
probably would have ensued due to the non-planar nature of the actual flux.

Before experimental information on the calibration of the detectors
was obtained, 1t was hoped that the energy dependence of the geometric
functions of the long detectors would vary with 77 and /y” so that a more
detailed spectrum could have been obtained. However, essentially no change
in the shape of the geometric functions was observed in the angular ranges
69° < 'Y, ¢ 111° ana M}"L( 20° as pointed out in Section 3. This ”)7 -

orientation angle for the long detectors was therefore ignored.

The samples of the counting rates which occurred within the angular in-
tervals discussed above were then averaged over time durations for which
continuous data of counts per pedestal were available (5 to 12 seconds).

The process was stralghtforward for the long detectors: the counting rates
which were read-out during fqﬂ}s; 20° were merely added and divided by the
total number of samples., However, for the short detectors, it was necessary
to vary the ’vﬁ -angle interval over which the counting rates were accumulated
in a mawmer which was dependent on 77 . This was accomplished by plotting
two curves of 0] versus 4+A which established the limits of these angles

for a collimator displacement from the radiation plane within :;Oo. The
displacement, , of the collimator from the plane is given by the equation,

sin J = cos 60° sin‘VI [sin (fy/‘ -2/) -60° ctn ’)7:{ o (b-1)
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The counting rates of the detectors, averaged as discussed above, for
the five rockets which passed through the electron shell are listed in
Tables 2 through 6 of the appendix. The tables are numbered in the order
of the launch times of the rockets., The time interval between the launch
times and the burst time for each of the rockets is given below:

Rocket Flight Time of Launch after Burst
Hr:Min
2019 0:28
2021 1:58
2024 h:01
2027 18:42
2042 88:43

After averaging some of the counting rates given in the tables over larger
time intervals where necessary to improve the statistical accuracy, the
resulting counting rates were plotted as a function of the flight time of
the rockets. Trese data are shown in Figures 4-1 through 4-5, again in the

order of the launch times of the rockets.

The errors given both in the tables and in the figures are standard
deviations based only on the total number of counts used in the averaging
process. At high counting rates the major errors are due to uncertainties
in the determination of the counts per pedestal and the uncertainty of the
"dead time" correction. Systematic errors as high as 50% or more may have
been incurred at counting rates above about th/sec. The probable errors

Pg., of the corrected counting rates RT due to these causes is,

T

-
PR, = )/PN2 +B2P% RJOL+R ),

vhere R = observed counting rate, 15.75 N/T,. N is the number
of counts sampled during the time T./15.75. T, is
the period of the commutator.

PN = probable fractional error of N due to reading of

oscillograms.

P7, = probable error of dead time ) .

o3
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Fig. 4-1 Counting Rates of Detectors on Flight 2019 as Function of Flight Time
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These errors are listed in Table 4-1, P was taken to be 10 microseconds,

'r

Table 4-1

Probable Errors Due to Data Readout and
Uncertainty of Dead Time Correction

N Py RT P
(Counts) (Counts/sec) (Counts/sec)
10 0 960 10
20 0 2060 b2
30 0 3330 230
4o .025 4810 4oo
50 .050 6570 640
60 .075 8680 1580
70 .100 11,300 2380
80 125 14,500 4850
90 .150 18, 700 7350
95 162 21, 300 9180
100 175 24,300 14, koo
105 .187 27,900 18, 200
110 200 32,200 23,400
115 .225 37, 500 30, 600
117 .250 40,000 34, 400

These counting rates can be correlated with the position of the rockets
in space as well as with the locations of the rockets with respect to geomag-
netic lines of force with the information given in Tables 7 through 11 of the
appendix and in the Figures 4-6, 4-7, and 4-8. These tables 1ist, against
the "flight time" of a rocket, the geographical coordinates of the rocket;
the magnetic field intensity, B; the logarithm of the integral invarisnt, I;
the altitude of the rocket transformed along constant local B and I values to

T4
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following the altitude variations of local, but constant, B (geomagnetic field
intensity) and I (Jntegral invariant) values with longitude. Magnetic lines of
force which intersect the surface of the earth at every degree of latitude are
also shown. The electron shell was centered on the magnetic line of force

which intersected the earth's surface at a latitude of about 33.6°.
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*
the geographic meridian at 75° West longitude, H'; and the conjugate mirror-
point altitude (southern hemisphere) of electrons which mirror at the location
of the rocket. (The last column will be referred to in a later discussion.)

The counting rates of the detectors, when compared in this manner, show
that the peak counting rates on flights 2019, 2021, 2024, and 2027 occurred
wvhen the trajectories of the rockets reached a shell containing the magnetic
line of force which intersects the sarth's surface at the point 33.6° North
latitude, 75° West longltude. The pronounced rise to the peak generally began
vhen the rockets reached the shell containing the magnetic line of force
vhich falls at the surface of the earth at about 3&.5° North latitude along
the same meridian. High counting rates also occurred at greater distances
to the North of the electron shell (the wings). The counting rates of all of
these detectors on different flights but at comparable spatial locations
decrease with time.

The B and I values used for the analysis described in this report were
obtained from the following reference: Tables of Adiabatic Invariants
for Geomagnetic Field 1955.0, AFSWC-TN-60-8, Kirtland Air Force Bage,
New Mexico, 1960.
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4,2 BACKGROUND RADIATION
4,2,1 NATURAL RADIATION

A large effort was directed towards the evaluation of the background
due to the natural trapped electrons for each of the flights. The result of
this effort was less than satisfactory. The problem was greatly complicated
because the rockets traversed spatial regions where the natural radiation is
known to be highly irregular. In general, the variation of this radiation is
such that 1t decreases with increasing longitude, it increases rapidly with
increasing altituue along magnetic lines of force, and it increases even more
rapidly across magnetic lines of force towards higher latitudes.

The Javelin I rocket data (see footnote 2 on page 1), vhich yielded the
spectrum and intensity, as wellas;pitch angle distributions, of the trapped
electrons in spatial regions simiiar to those covered by the Jason rockets,
verified the complexity of the background problem. This rocket was launched
from Wallops Island, Virginia, on July 7, 1959, about 10 months after the
Argus tests. Its trajectory is shown in Figures 4-6, 4-7, and 4-8, together
with those of the Jason rockets. By multiplying the spectral intensity of
the flux obtained with the Javelin rocket by the geometric functions of the
Jason detectors and integrating over energy (see Equation (l-l), the counting
rates of the Jason detectors along the Javelin trajectory were inferred. For
the purposes of this discussion, the Jason detectors for which the counting
rates were computed in this menner will be referred to as though the detectors
wvere actually on the Javelin rocket.

A comparison of the counting rates of the detectors on the Jason rockets
with those on the Javelin revealed that in the wings, a high fraction of the
counting rates of the detectors in Channels 1 and 2, and a lower fraction in
Channels T e&nd 8 were due to the natural radiation. In fact, a plot of the
counting rates of the detectors in Channel 1 for the five Jason flights and
the Javelin flight as a function of altitude revealed that the counting rates
of all of the detectors agreed to within 10% along the ascent trajectories
to an altitude of 600 km., This good agreement with the Javelin data was
probably accidental since the absolute measurement of the flux is not
expected to be better than about + 20%. At higher altitudes, a separation of

(¢
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the counting rates was observed, with the counting rate of the detector cn
the Javelin rocket excceding the rates of the detectors in the Jason rockets
because of the continuation of the Javelin rocket up the magnetic line of
force.

Efforts to determine the background of the Jason Channel 1 detector
were not entirely successful. Estimates of the background were made by
draving iso-count lines connecting positions on the ascent and descent paths
of the Javelin rocket, where the counting rates for Channel 1 were identicel,
and assigning these rates to the corresponding Jason detectors at the spatial
Jacations where these lines intersect at the Jason rocket trajectories. Such
interpolations were attempted using the greph of altitude versus latitude
given in Figure 4-6, and the graph of the trajectories on the B, log I plot
of Figure 4-8. The resulting background counting rates of the detectors,
when plotted agalnst the flight time of the rockets, gave curves which
disagreed somewhat with the shapes of the total counting rates of the Channel
1 detectors. Moreover, over some regions of the curves for flights 2027 and
2042, the background counting rates exceeded the total counting rates of the
detectors.

It was clear that a more precise computation of the variation of the
natural radiation was required. Various empirical approaches were attempted,
based on the variations of the mirror-point altitudes in the southern hemis-
phere of the electrons detected by the rockets, A comparison of the altitude
of the rocket and the value listed as Hg in Tables A-7 through A-12 shows that
the mirror-points‘alt%tudes of the electrons in the southern hemisphere were
much lower than those at the rocket, and this lowering effect was enhanced as
the rockets moved eastward. The results gave background curves which again
appeared to be qualitatively correct, but they, too, exceeded the total count-
ing rates in some areas.

It was finally decided that the detectors in Channels 1, 5 and 2 could
not be used to investigate the artificially injected electrons in the regions

of the wing where the natural radiation was intense.
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Moreover, the accuracies ot the results from the detectors in Channels
7 and 8 were seriously impaired. The background counting rates of the
Channel 7 detectors computed from the Javelin data were about a factor of
two lower than the total counting rates of these detectors in the wings on
flights 2027 and 2042, The total Channel 7 counting rates probably included
contributions due to bremsstrahlung from the natural rediation as discussed
below,

Hence, the background corrections in the wings for the Channel 7 detectors
vere made by assuming that the counting rate of the Channel T detector on
flight 2042 had reached the background level and that this natural background
level was the same for all of the flights. The rocket trajectories on a B.log
I plot (Figure 4-8) were used to determine these backgrounds: At each point
of a trajectory, the background was obtained by means of a log I-weighted
average, at constant B, of the Channel 7 counting rates measured on the ascent
and descent trajectories of the 2042 rocket. This evaluation is expected to
be poor for the portions of the rocket trajectories which depart appreciably
from the path of flight 2042. Hence, the Channel 7 backgrounds for flight 2021,
which has e westward velocity component (see Figure 4-7), and for flight 2024
beyond apogee (see Figure 4-8) are considered to be poorly known. The counting
rates of the Channel 7 detectors on flights 2019, 2021, 2024 and 2027, together
with the background curves given by this method, are shown in Figures 4-9
through 4-12, respectively, and they are listed in Table 4-2. The probable
errors of the background counting rates for flights 2019, 2027, and a portion
of 2024 were taken to be 20%, the extent of the agreement with the Javlin I
data along the ascent trajectories. The errors were arbitrarily taken to be
4+50% for flight 2021 and for the portion of flight 2024 beyond apogee. Table k-2
also lists the net counting rates of the Channel 7 detectors. Total probable

errors are included,

b.2.2 BACKGROUND DUE TO PREVIOUSLY DETONATED DEVICES

Comparison of the counting rates of the Channel 1 detectors on Patrick
launched flights 1822, 1909, 2020, and 2043 at similar positions of the
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trajJectories of these rockets on a B, log I plot, revealed an abnormally high
counting rate for the earliest flight 1822, This high counting rate may have
been caused by the presence of electrons injected into the geomagnetic field
by the detonation of nuclear devices at high altitudes in the Pacific, as

was pointed out in the initial analysis of these data. The decay rate of
these electrons was so great, however, that the background due to this cause
was considered to be negligible for the later flights now under discussion.
(For the few rockets launched from Patrick and Ramey for which the body motions
of the rockets were estimated, the counting rates of the small detectors were
incorrectly analyzed in the preliminary report because the collimator axes of
these detectors never entered the central plane of the radiation.)

L,2.3 COSMIC RAY BACKGROUND

The counting rates produced in the detectors by cosmic rays were evaluated
from the counting rates of the tubes which had high threshold energies and in
regions of the flights where the bomb and natural radiations were low. Hence,
the background counting rate of the long tubes was taken to be the mean count-
ing rate of the Channel 6 detector observed on flight 1822, which was launched
prior to a detonation of an Argus device and into the slot between the natural
radiation zones. This counting rate was found to be 16 + 2 counts/sec. Tt
also agreed with the mean counting rate obtained for the Channel 6 counting
rate on flight 2027 and with the rate computed by using the omniiirectional
geometric function of the detector and a cosmic ray flux of 1.5 cm2 sec.

The counting rate of the small detectors due to cosmic rays, determined
by the method indicated above, also agreed with the background counting rates
determined i.r the same geiger tube types (Anton 222R) used on the Javelin 1
rocket. This counting rate was found to be 2.1 + 0.25/sec.

k2.4 BREMSSTRAHLUNG

There was early evidence that the Channel 6 detector was responding to
bremsstrahlung in the winc. The counting rate of this detector, atove the

cosmic ray bhackpsround, yielded curves when plotted against flight time which
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were quite different in shape from those given by the other detectors on the
same flight. The Channel 6 curves were more peaked in the wing where the
naturael radiation was more intense. Moreover, the decay rate of the outputs
of the Channel 6 detectors in the wing, obtained by plotting the counting
rates of these detectors above cosmic ray background as a function of the
launchtime of the rockets after the burst, was found to be much smaller than
that given by the detectors in Channels 3 and 7.

A rough celculation was performed to evaluate the response of this
Channel 6 detector to the bremsstrahlung of the natural radiation. The
detector response was computed for the electron spectrum given by the Javelin
I measurements, and the natural radiation level at the position of a particu-
lar Jason rocket was estimated by integrating over energy the product of the
Javelin I spectrum and the geometric function of the Channel 1 detector. It
was found that the ratio of the counting rate of the Channel 6 detector due to
this bremsstrahlung to the counting rate of the Channel 1 detector was about
0.001 + 0.0005. The maximum correction smounted to twice cosmic ray back-
ground.

Section 4.3 NET COUNTING RATES OF CHANNEL 7, 3, and 6 DETECTORS

The background correction for Channel 7, obtained as described in
Section 4.2.1, and the net counting rates of the detectors in Channels 7, 3,
and 6 for flights 2019, 2021, 2024, and 2027 are listed in Table 4-2, For
flight 2042, the true counting rate of the Channel 7 detector, which was used
to compute background corrections for the other flights, and the net counting
rate of the Channel 3 detector are listed in this table.

Only the cosmic ray background counting rate was deduced from the true
counting rates of the Channel 3 detectors. The bremsstrahlung correction
described in Section 4.2.4, as well as the cosmic ray background correction,
vere applied to the Channel 6 readings.
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5. RESULTS AND DISGUSSION

Many limitations of the Jason experiment, some of which were discussed
in Sections 4.1 and 4.2, make it difficult to draw definitive conclusions
concerning the electron injection and trapping phenomena which occurred
following the Argus II detonation. However, the more extensive analysis
done in the course of the present contract does allow critical examination
of many aspects of the problem. Wherever possible, definite conclusions
have been draewn and are presented in this section. However, in many cases
the data are insufficient to establish the existence of expected effects,
In particular, some of the conclusions reached after the preliminary enalysis
are not borne out by the present work, after due allowance has been made
for experimental uncertainties.

The mejor difficulty in obtaining a complete picture of the electron
trapping phenomena from the Jason flights results directly from the scar-
city and sporatic nature of experimental data. The five flights which have
been examined in detall passed through the band at different times, at
different altitudes, and at different longitudes. Since the electron fluxes
are functions of position and time after the burst and since the geomagnetic
field 1s not regular in this region, it is not clear how the data from
different flights can best be compared to obtain precise information, A
second deficlency of the data results from the restricted dynamic range of
the detectors, so that only a few of the counters gave information &t the
same time. In most cases where the small counters had sufficient counting
rates for statistical accuracy, the large counters were counting so rapidly
that the telemetering tracings could not be read or the uncertainties in the
dead time corrections were excessive. This difficulty severely limits a
comparison of the eneryy spectrum obtained during various flights, and lowers
the precision with which changes in the spectrum can be detected, A final
serious deficiency was in the background counting rate information. This
point has been discussed in Section 4.2, However, it should be noted here
that during most of the time when the rockets were not in the intense portion
of the radiation band, background uncertainties constituted the largest

source of error.

9l
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5.1 GENERAL RESULTS

The results of the analysis are swmarized in Figures 4-1 through 4.5,
which give the counting rates as a function of time after launch of flights
2019, 2021, 202&, 2027 and 2042. In sddition to the localized region of high
intensity radiation which appears at the far right-hand side of the figures,
there is a broad region at higher latitudes where the radiation is signifi-
cantly above the background levels, This feature is most pronounced for
Channels 3 and 6, but is also apparent for Channel 7. Because of the large
background of low energy Van Allen electrons, the enhanced radiation in this
wing i3 not as apparent for the low energy channels. The difference in the
mognitude of .he flux in the intense band for the various flights is due
primarily to the decay with time of the shell of trapped electrons, although
this effect is modified considerably by the differences in the altitudes at
which the various vehicles passed through the band. For example, flight 2024
which passed through the band at an altitude of 400 km showed a more pronounced
peak in counting rate than did flight 2021, which actually took place earlier,
but crossed the band at an altitude of only about 100 km. These altitudes
refer to the heights of the conjugate points of the rocket positions,

5.2  VARIATION OF ELECTRON ENERGY SPECTRUM WITH POSITION

The ratios of the counting rates of the detectors were examined at
various times during each flight to see if the spectrum of the injected electrons
was different at different points of the trajectory. In particular, it was of
interest to see if the spectrum in the wing differed from that of the intense
band, since this would shed light on whether the wing electrons were injected
directly into their orbits or whether they diffused across fleld lines. From
the discussion of the background nroblem in Section 4.2, it is apparent that
only the counting-rate ratios R,?/R3 and R3/R6 can be considered reliable for
this purpose. These ratios for flights 2019 and 202k are listed in Table 5.1,
In the center of the band, both detectors in Channels 7 and 3 on flight 2019
were saturated. The value listed in parenthesis for this flipght in the ?7/R3

column is the ?3/Rk ratio which was measured in the center of the band., Thn
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listing in parenthesis in the R3/R6 colunn was obtained by integrating the
product of the geometric function of the Channel 3 detector and the best fit
spectrum over energy and dividing the result by the measured rate R6' The
ratios in the table appear to be changing systematically with time, with the
R.r/RS indicating a softening of thz spectrum and the R3/R6 ratio indicating

a hardening of the spectrum.

e spectrum change.

error in the evaluation of the background.

It is not believed that these ratios demonstrate
It is more likely that the trend reflects a systematic

TABLE 5-1
) Comparison of Counting-Rate Ratios
T B T B T _RB T _RB
(R.( - R,)/(R - RY) (Ri Ry )/(Rs" - R.™)
F'l%ght)Time Flight 2019 Flight 202k Flight 2019 Flight 2024
sec
250 1.56 + .26 1.60 + .80
300 1.46 + .28 1.81 + T4
350 1.50 + .33 1.86 + .36 720 + 1600
koo 1.50 + .35 1.75 + .82 660 + 1430
450 1.60 + .k4o 2,14 + .82 520 + 900
500 1.70 + .45 2.77 + .86 390 + 500
550 1.86 + b9 3.50 + 1.50 310 + 310
600 1.92 +:.53 3.00 + .80 290 + 290
650 2.0k + .57 1.85 + .71 250 + 200
700 2.25 + .72 240 + 150
* *
Band (1.90 + .47) (416 + 136) 245 + 132

»
Refer to text for comments on this ratio.
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5.3 VARIATION OF ELECTRON ENERGY SPECTRUM WITH TIME

The reduced date were also examined carefully to see if there was an
indication of & change in the electron energy distribution during the 88-
hour period covered by t?e Jason experiment. Since no definitie variation
of spectrum with position had been detected, it was felt possible to compare
data taken on different flights without regard to the position of the vehicle
during the time the comparison was mede. In thies way sections of various
flights could be compared in which the counting rates were similar and dead-
time corrections would be comparabie. This investigation failed to show any
definite time variation in the spectral distribution, in agreement with the
preliminary enalysis presented two years ago. Unfortunately, the low energy
channels where the spectrum change is expected to be most pronounced were not
very useful in this regard because of the high and uncertain background pro-
duced by the Van Allen electrons. The fact that the spectrum obtained during
flight 2019 which took place about half an hour after the explosion was not
significantly different from the later flights is perhaps an indication of the
poor sensitivity of the spectrum test.

5.4 DECAY OF ELECTRON FLUX

A quantitative measurement of the decay of geomagnetically trapped
electrons was one of the most important objectives of the Argus experiment.
The observed decay time of several days is considerably less than the decay
time of many years which has been calculated for particles distributed in the
Van Allen electron belt, The relative short time of decay has been attributed
to the low injectiun altitude and to the low altitude at which the measurements
vere made. It has been argued that what is observed 1s the decay of a higher
order normal mode in the spatial distribution of electrons in the trapping
volume; hence the lifetime is correspondingly reduced. Theoretical calcula-
tions have suggested that the intensity of this distribution may decrease as
the inverse first power of the time after detonation, a time variation which
is in fair sgreement with observation. However, it has also been observed that

the beta decay of gross fission fragmeuts behaves as t'l'a. Since the
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interpretation which would be placed on the Argus experiment is vastly differ-
ent depending on which time behavior is obtained, a considerable effort was
made to resolve this question from the results of the Jason rockets,

Because of the different trajectories followed by the various flights
and because no method of unquestioned validity was found to extrapolate the
messurement from one position to enother, it was not possible to compare ine
tensities found at different times near the center of the band. However, in
the broad region of radiation north of the band, it is possible to make a
much more accurate estimate of the decay rate. From the curves of Figure 4.8
which give a plot of the vehicle trajectories on B, Log I coordinates, it can
be seen that there are seven points where two of the trajectories intersect.
At these points the rockets of the two flights pass through equivalent points
on the magnetic shell and a comparison of the counting rates of the two flights
will then give an estimate of the flux decay during the time interval between
the two flights. A small correction was made for the difference in the longi-
tudes of the two vehicles at the time of the intersection. This correction
is, in essence, the variation of flux along a line of constant B and Log I.
It was obtained from flight 2025 launched from Cape Canaveral. This flight
was directed towards the east, and the aséending and descending portions of
the trajectory passed through equivalent magnetic locations, which vere dis-
placed 1n longitude and also in altitude. Hence, this flight gives the rate
at which the flux varies during the eastward drift. Corrections for this
effect are fairly small, ranging from O to 7 percent because of the high
altitude at which most of the intersections occurred.

Since each intersection gives a value of the decay during a particular time
interval, the seven intersections give seven points on a time decay curve.
These points, obtained for the Channel 3 detector are shown in Figure 5-l.
Here, the ratio of the counting rates observed by the two rockets at each inter-
section point is plotted against the ratio of the times at which the rockets
reached the point of intersection after the time of burst. The error bars
indicate the total probable error which results from counting statistics,
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dead-time uncertainties, background uncertainties, and trajectory uncertain-
ties. Assuming that the decay has a function form of t'n, 8 least square fit
to the data gives a value of n of 1.15 + .03. Since the ratio of the counting
rates must be equal to 1 when the iime ratio equals 1, only a one parameter
fit (the slope of the line) was required. The same calculation for channel 7

gives similer results but with considerably greater probable errors.

On the basis of this analysis, it appears more likely that the time
dependence follows that of gross fission product decay, rather than the

predicted t'l. The line of slope n = 1 is drawn in Figure 4-13 for comparison,

5.5 ENERGY SPECTRUM OF ELECTRONS

Since no variation in time or space was noted in the energy distribution
of the electrons in the band, the determination of the electron spectrum was
made at positions where the experimental data were most reliable. The best
information for this purpose was obtained in flight 2019 during its passage
through the band, at which time reliable data were obtained simultaneously
with detectors 2, 4, 6 and 8. The spectrum was represented by the expression

f(E) = AP exp(-BE)

where E is the electron energy in Mev and A, B, and D are parameters. Since
A merely nommalizes the flux, the shape parameters D and B are of greatest

concern.

To deduce the electron spectrum, a set of values of B and D were selected
and the counting rates calculated from the equation,

R = ﬁi(E)f (E) dE

where Gi(E) is the geometric factor of the "1"th detector as obtained by the
calibration measurements described in Section 3. The calculated counting rates

were then compared to the expcrimental values by forming the sum of the squares
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of the deviations
2
M(B,D) = é W, (R - RX)

where \/»/i is a weighting function equal to the reciprocal of the square
of the probable error in the counting rates, and Riex is the experimental
counting rate of the "i"th detector. The values of M form a matrix in B, D
space and the minimum velue of M as a function of B and D indicates the values
of B and D which best represent the experimental result, This computing
process was carried out using a digital computer. The resulting spectrum
vas modified by interation to improve *he agreement with the counting rates.
The best fit spectrum is depicted by the solid line in Figure 5-2. An indi-
cation of the accuracy of the spectrum is given by the rectangles shown in
the figure. These rectangles are the "raw-data" defined as follows: the
vertical lines of the rectangles are drawn at the energy values which are

at the half-height p¢ints of the product of the best fit spectrum and the
geometric functions of the detectors. The vertical positions of the centers
of the rectangles are located at the geometric-function weighted averages of
the flux in these energy intervals; and the heights of the rectangles corres-
pond to twice the probable errors of the net counting rates of the detectors.

Two other spectra are shown in Figure 542 for comparison: An unmodified
fission spectrum and a fission spectrum divided by the productCﬂ\)(1 Tb’ the
azimuthal drift velocity times the bounce period between mirror points. The
disagreement of the best fit spectrum with the fission spectrum is not severe;
it is now much more in agreement with the data than was indicated by the
initial analysis >f the data. However, the better agreement of the data with
the fission spectrum divided by C&%i Tb might be evidence of a fission spectrunm
source, & lifetime of less than a diift period for the electrons which reach
the region of the Jason rockets, and no evidence of energy degradation by
scattering.

This statement can be verified as follows: the omnidirectional flux given
by the Jason rockets 1s equel to the number density of the electrons times
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their velocity. Or,
f(E)YdE = n(E)AE . v, (5-1)

where n(E) is the number density of electrons of energy E per unit energy
interval, If N(E) designates the number of electrons emitted by the fission
spectrum per unit time and unit energy interval and 4V is the incremental
volume the electrons fill during the incremental emission time dt, then

f(E)AE = _IES_E_L&ML . v (5-2)

dav

This equation shows that a fissjon spectrum multiplied by electron velocity
will be measured if there is no electron loss and if the electrons are
injected into a magnetic shell of fixed volume for a period of time which is
long in comparison to drift periods. However, if the electrons which were
reflected in the region of the Jason rockets become lost beyond the longitude
of the measurements, then Sor these electrons dV/dt is proportional to cx)d,
and v is inversely proportional to T,. Hence, with no loss of energy by

b
scattering, the measurements should yield a fission spectrum divided by

Wy Ty
The observed counting rates Ri of the detectors in the center of the band
on flight 2042 and the rates Rf given by the product of the modified-fission
beta spectrum (N(E)/(*)dTb) and the geometric functions of the detectors inte-
grated over energy are listed below for comparison.

Channel Number 2 8 b 6
R, 4030 + 760 2000 + 360 1050 + 190 1280 + 2o
F
Ri h030 2730 1000 1250

For flight 2019, which was launched about 23 minutes after the burst, thc
good agrecment of the measurements with this spectrum, is exceedingly difficult
to understand. The mechanism proposed earlier involved the passage of fission
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fragments from the detonation point to the conjugate region via the magnetic
field lines, and electrons which were emitted during the time the fission
fragments were in transit would be trapped. If this process did occur, the
inlection would take place only during the fragment passage and the spectrum
obgserved during flight 2019 would consist of a line spectrum containing con-
tributions of particles whose energies were appropriate for drift around the
world one or more times during the interval between the detonation time and
the measurement. Comparison of the counting rates (R?) expected with this
spectrum with the observed rates Ri’ as shown in Table 5-2, reveals that the
agreement is voor.

An alternate hypothesis for injection would be to assume that the frag-
ments become distributed in such a manner that injection can take place for
a much longer period of time, If this were the case, the spectrum observed
in flight 2019 would be continuous, containing components for very high
energies but being cut-off at energies below about 0.8 Mev, since electrons
below this energy cannot drift the required distance in the available time.
The observed counting rates (Ri) and the rates (Rg)'calculated with these
assumptions are also listed for comparison in Table 5-2. In this case, the
high threshold energy detector in Channei 6 reads guite low because of the
t'l'a decay of the source (these high-energy electrons were emitted at a later
time than the low-energy electrons to have arrived at the rocket position at

the seme time).

It should be noted that the above calculations assume that no energy is
lost by the electrons during their drift about the earth., It is unlikely
that the electrons do not loose energy since a considerable amount of scatter-
ing muat occur if the electrons are to be found in orbits which are accessihle
to the Jason rockets. Due to the anamolies in the geomagnetic field, electrons
wvhose mirroring points are above the earth's surface on the magnetic line pass-
ing through the detonation point will, after drifting to the latitude of the
Jason flights, mirror at altitudes far above apogee of the vehicles. Therefore,
in order to be dstected these electrons must have been scattered into lower
altitude orbits, and their energy must be correspondingly modified. The amount
of energy loss expected cannot be calculated under the present state of the
trapping theory and the uncertainty introduced by the possibility of energy
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loss makes the conclusions derived from spectrum informmation extremely tenta-
tive,

TABLE 5-2

Comparison of Counting-Rate Ratios Based on the
Various Injeztion Mechanisms for Flight 2019

CHANNEL NUMBER(i) 2 8 A 6
Observed Ratios 1.00 + .27 0.50 # .13 0.26 # .07 0.32 + .09
(Ri/Ra)

Modified Fission 1.00 0.68 0.25 0.31
Beta Spectrum (Rf]Rg)

Line Spectrum (Ri'/RIQ") 1.00 0.88 0.18 0.19

(instantaneous injection)

Continuous Emission 1.00 0.90 0.22 0.042
(RC/Rg) (Cut-off below .8

Me$ because of drift line

requirements)
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5.6 INJECTION EFFICIENCY

A lower limit of the trapping efficiency can be determined by consid-
ering the Jason data to be a measure of the rate at which electrons are lost.
This is plausible because of the special region in which the data were taken
with respect to the totel configuration of the geomagnetic field. As discussed
earlier, electrons vwhich reached the region of the Jason flights were very
likely absorbed by the atmosphere as they proceeded to drift eastwards. Hence,
an integration of the “lux measurements over time gives a lower limit of the
total loss cf trapped electrons, from which a lower limit of the trapping
efficiency can be estimated.

The incremental loss rate of electrons, observed by the Jason rockets,
can be obcained by finding the number of electrons in an incremental magnetic
shell which cross a certain area at the equator per unit time and which have
plitch angles at the equator such that the electrons reach the altitudes of
the Jason rockets. By Liouville's theorem, we know that the electron flux at
the equator, directed at the angle X o with respect to the geomagnetic line
of force, is equal to the flux at the Jason-rocket altitudes which is directed
essentially at 90° to the magnetic field line. The angle (Xo can be obtained
from the adisbatic invariance of the magnetic moment of the electrons (si.n2 O(o
equals ratio of magnetic field intensity at equator to megnetic field intensity
at Jason altitude along the same magnetic line of force). Thus, the number of
electrons of energy E in the range ZSE which cross & unit cross sectional area
of the incremental magnetic shell at the equator at the time t is f(E,t) AE/
cosO(o, where f(E,t) is the measured flux.

To get the number of electrons which are lost per second from the shell,
the flux f(E,t) AE/cos CXO must be multiplied by the cross sectional area
r ZXrb A $(E) of the magnetic shell. Here r  is the geocentric distance
to the line of force at the magnetic equator, A r, is the thickness of the
shell, and A §(E) = &/, T /2. Note that if the azimuthal extent A ¢ of
this "loss area" were taken to be larger than w, Tb/2, then electrons would
be tounted" more than once; if A § were taken to be smaller than CL)d Tb/2,
then scme of these electrons could avoild striking the "loss area" if their
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phases were appropriate. Hence, the loss of electrons of energy E in the
range A E, contained in the shell at r, of thickness Aro per second 1is

L(Er,t) AE Ar, = ny) A Ar, A (B  (5-3)

cos Q(o o

In the previous section it was shown that the measured spectrum agreed
exceedingly well with a fission spectrum divided by wd T . Consequently,
since the measured spectrum in Equation (5-3) is multiplied by AQ(E) = u)d'rb/a,
the loss spectrum L(E) is Just the fission spectrum.

An evaluation of L(E) in the center of the band at t = 41 minutes (2019
data) and a subsequent integration over energy yields the following loss rate
of electrons from the band:

10 Mev
(41 min.) = L(E), 2r,, 41) (.047 re) 4E
.5 Mev
18
= 9.4k x 107 electrons/sec.

A similar evaluation and integration of Equation (5-3) over the "north
wing" of the trapping region ylelds,

I.qu (32 £t £ 40.7mn) = 14.23x 10]'8 electrons/sec.

Now, by assuming that the loss rate from the low latitude wing is equal to
that from the high latitude wing and extrapolating the time decay of the flux
( t'l'ls) which was observed in the range 32 min € t € 5333 min, to, say,
t = 1 min, the total loss of electrons after t = 1 min, becomes,

=, . ¢ 115
N = A [NB(hl) + 2NNw(hl)](hT-) dt, or

N A 6.2 x 102 electrons.

Finally by taking the total number of fission betas emitted one minute or later
after the detonation to be
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Ny = (L.7K) (L3 x 10°3 Ilssion Ireg:) (2,1 electrons/fission
emitted after one minute)

= k4,65 x lO23 electrons,

the lower limit of the trapping efficiency is,

-2

(Trep. Eff.) - 6.2 x 1021/4.65 x 10%3 = 1.3 x 10

lover limit

This value i8 believed to be a lower limitbecause it is quite likely that
more electrons were lost than those detected by tije Jason rockets. Also, this
trepping efficiency is on the low side because no account was taken of
electrons which might have been trapped for very long periods of time, that is,
of electrons with mirror pointe so high as to remein trapped during the course
of this experiment.

5.7 COMMENTS ON RESULTS

The observed decay rate of the electron flux, the constancy of electron
spectrun with time and space, and the broad wing of electron flux extending
hundreds of mi.ometers north of the intense central band, suggest that the
phenumena leading to electron injection and decay may be vastly different from
the high altitude injection by trapped fission fragments proposed earlier.

The broed wing to the north of the band is possibly produced by the decay of
fission fragments which were either initially uionized or which became un-
charged by charge exchange collisions with the atmospheric atoms. The uncharged
fragments could move freely across megnetic field lines. The existence of this
wing only 41 minutes after the detonation and the constancy of spectrum as a
function of latitude suggest that electrons could not have diffused to this
region by scattering with the atmosphere. An alternate explanation might be
that the wing electrons were injected by debris carried aloft in the rising
fireball., However, in order to place electrons in the observed positions, the
debris would have to rise vertically almost 1000 km. Since debris rise could
produce a wing only on the high latitude side of the central band, the occurrence
of a similar wing on the low latitude side would indicate that debris rise vas
not the cause ot the wing. The data obtained with the satellite Explorer IV
should be examined closely for evidence of such low-latitude wing.
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The time variation of the electron flux is not understood, and the
theory of electrons trapved in the geomagnetic field is not adequate at
present to give quantitative values of the flux variation with time. Early
attempts to estimate time decay rates led, with certain extreme approximations,
to a time dependence given by 1/t. Another approach leads to the conclusion
that *the decay time is not a simple function of time but depends upon both
the initial energy distribution and pitch angle distribution of the electrons.
In essence, the distribution function of the electrons can bhe decomposed into
a series of spatial eigenfunctions, each of which decay in a prescribed manner,
Only in the simple case when a single eigenfunction is present will the decay
rate be the same at all altitudes. However, when the initial transients have
died out and the flux does decay with the time constant eppropriate to the
longest lived or dominant eigenfunction, the decey time expected is on the
order of tens of years, far longer than the experimental results indicate.

However, the interpretation of the Jason experiment in terms of this
theory is difficult due primarily to the departure of the geomagnetic field
from that of a centered dipole. As mentioned previously, the trajectories of
the Jason rockets lie in the "magnetic shadow” of the earth. In effect, this
means elther that the fission fragments emitting the electrons must have mi-
grated thousands of miles in longitude or that the electrons seen by the Jason
vehicles must have been scattered sufficiently to lower their mirror points
hundreds of kilometers during a single drift period about the earth. No yuan-
titative calculations of the time required .or mirror point diffusion are
availeble to check this latter possibility, although qualitative arguments
indicate that it is possible providing the initial injection altitude is low
enough.

The observed decay rate in the wings is sufficiently close to the time
variation of the gross beta activity of fission fragments that one 1is tempted
to explain the observed decay by assuming that the flux is in some form of
equilibrium with the source and that the observed time dependence results from
the decaying activity of the fission debris rather than from the lifetime of
individual electrons. This situation would occur if the fragments remained
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in a position where they could inject electrons and the electron mirror
points were sufficiently low that most of the electrons are lost after one
drift period about the earth.

In eddition to explaining the time dependence of the electron flux, such
an injection phenomem:i would also account for the constant spectrum over the
time period of the observation. However, the spectrum observed on flight
2019 shortly after the detonation is still difficult to explain on this basis.

This continuous injection hypothesis has two fundamental difficulties.
The first difficulty is the low injection efficiency which would probably
occur if the electrons were emitted at low altitudes., The altitude of the
bomb detonation makes it very unlikely that any of the fission fragments can
be magnetically trapped high above the atmosphere, and it is expected that
they will quickly loose energy and come to thermal equilibrium with the atmos-
phere somewhere between 100 km and perhaps 500 kmn depending on initial pitch
angles, Since the initial mirroring point of an electron cannot be higher
than the injection point, many of these electrons will not live long enough
to drif{ once around the earth. Some of the electrons will have their mirror
points raised by scattering, but until quantitative calculations are available,
it 1s difficult to estimate how effective this scattering might be.

The other major difficulty is the requirement that the fission debris
be stationary, at least in latitude, for a duration of several days. Although
data are meager, wind velocities above one hundred kilometers are expected to
be several hundred kilometers per hour, a velocity which would quickly dis-
perse the radioactive fragments if they were neutral and behaved as the neutral
constituents of the ionosphere. If the fragments are charged, they might be
held in place by the magnetic field, at least at altitudes above the exosphere
where collisions with the neutral particles are infrequent. Actually, a contin-
ual change in the degree of ionization of the fission fragments is expected:
During the slowing-down process, a tendency towards neutralization by charge
exchange collisions prevails; but after thermal equilibrium with the atmospheric
constituents is reached, fission fragments can be charged by ionizing collisions
and by the action of the solar ultraviolet. In fact, the fractional ionization
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of the fission fragments would probably be greater than that of the atmospheric
gases because of the lower ionization potentials of the fragment atoms com-
pared to the ionization potentials of oxygen and nitrogen.

At the present time, work is continuing on these two aspects of the
Argus experiment: 1) the ultimate distribution of the fission fregments,
and 2) the efficiency of low altitude injection as modified by atmospheric
scattering. Equations describing the time behavior of the distribution function
of el>ctrons trapped in the geomagnetic field have been derived and are now
being programmed for solution by & digital computer. The results of this cal-
culation should at least give a qualitative indication whether fragments sus-
pended at a few-hundred kilometers altitude can inject enough trapped electrons
to agree with the measured fluxes. With regard to the possible suspznsion of
fission fragments at high altitude, it 1s hoped that forthcoming geophysical
data may shed some light on this question. Preliminary reports have indicated
that a high concentration of ionized atoms of meteoretic material have been
detected at high altitude, suggesting that heavy ions may remain charged and
suspended for long periods of time. Further evidence may be obtained from
studies of sodium ions detected in studies of the night airglow. It is hoped
that as a result of this further work it will be possible to conclude whether
the short-time injection mechanism or the continuous injection hypothesis
best describes the trapping phenomena observed in the Argus experiment.
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GEOMETRIC FUNCTIONS of DETECTOR CHAMNELS

(Subscript Refers to Channel No.)

2-96-61-1

Electron

Energy o] G G G2 G3 (tAN
(vEv 1 7 3

«150 0 0 0 0 0 U

«200 0 »00100

+250 0652 00232

+300 »151 .00280

350 0212 +00308

.00 «275 .00326

U450 «330 ~00341 «00045

«500 37U «05 00354 -0010

550 U405 017 00366 00174

+600 43k o35 «00375 «00226

650 US5S 57 .0038Y «00264

700 AL .82 »00391 .00298

750 89 1,07 .00397 .00324

.800 501 1.31 .00L03 .003LL

.850 513 1,55 .00408 .00361

«900 0523 1.76 .00L412 .00374

950 531 1.94 .01 ~00416 .00383 «00006
1.000 536 2,10 .05 .00420 +00391 +00022
1,050 oS3 2.2k «09 00423 .00398 .00038
1,100 o547 2.36 .16 00426 .00L0L «00055
1.150 55k 2,.L7 <025 .00U29 .00L409 «0007h
1.200 o559 2.58 o3k ,00432 00413 »00092
1.250 562 2.68 S ~00U3Y 00418 .00113
1.300 +566 2.76 57 »00437 00421 .00133
1.350 571 2.6k .70 «00L39 0042y 00154
1.L00 575 2.92 .82 004l 00428 ,00174
1,450 578 2,98 U ~00LL3 .00430 .00195
1.500 .581 3.04 1.05 00LLL 00433 00213
1,600 587 3.13 1.29 ~00LL7 .00438 00252
1.650 +590 3.17 1.L0 00448 00440 00269
1.700 593 3,21 1.51 .00LL9 00442 »0028)
1,750 o595 3.2k 1.60 .00L50 00LLL +00298
1,800 598 3.27 1.69 «00451 00446 «00312
1,850 600 3,30 1.77 »00452 00447 00325
1.900 601 3.32 1.85 00452 .00L4L8 ,00336
1,950 .603 3.3L 1.92 +UOLS3 +00LLS +003L5
2,000 .605 3.36 1.98 .00L53 00450 +00353
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E]:ec tron

Energy G,
SMEV;

2.500
2.750
3.0m
3.250
3,500
3.750
L ,000
L.250
k.500
L.750
5,000
5,250
5.500
5,750
6,000
6.250
6.500
6.750
7.om
7.250
7.500
7.750
8.000
8.250
8.500
8.750
9,000

TARLE A<Y (conttd)

GFOMETRIC FUNCTIONS of DETECTOR CHANNELS

(Subscript Refers to Channel No,)

3.L2 2.1 0 LO0U05 «OL53 00377

619 3.5 2.39 «00L57 00456 00339
62l 347 2.5k 00458 «00457 ,00396
626 3.48 2,67 .00458 .00L58 .00403
629 3.4 2,79 .00410
63L 3.50 2.98 .00L20
634 3.50 3.06 00425
635 3.50 3,12 00429
3.51 3.17 020 .00433

3.5 3.21 068 00437

3051 3.25 0110 .OOMIO

3.51 3.28 .150 +00LL3

3.51 3.31 .198 «00LLS

3052 3-3’-‘ 0250 oOOllh?

3 036 -310 .0011!;9

3.38 370 .NoLS1

3.L0 Lko 0052

3.2 .510 00453

3 O,JJ 0580 .00115’.1

3.k 650 «00455

3 ohs .720 .(X)1156

3.46 .793 00L57

3.7 »862 00L57

3.48 <933 «00L58

3.48 1,008 .00L58

3.48 1,078 .00L58

3 0,49 1.11‘9 000,458
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