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FOREWORD

This document is the final report on Contract AF 19 {628) - 2799, It
describes an experimental program devoted to the study of the particle popu=~
lation trapped in the Earth's magnetic fieid and injected into it by either
natural cause or by high altitude nuclear bursts. Instruments were constructed
in this program aczording to the designs developed under two other Air Force
contracts, The proton-alpha detector and the proton spectrometer were
developed under Contract AF 19 (604} - 7347, and the electron and gamma
detector was developed under Contract AF 19 (628) - 252, The description

of these instruments is abstracted from the final report on these programs,

Instruments identical to the ones constructed were flown on an Air
Force Satellite, 1962 Bk, on 26 October 1962, under Contracts AF 19 (628) -
252 and AF 19 (604) -~ 7347,

The analysis of the data obtained by this instrumentaticn has been
carried out as part of this program, and the procedures are here given.
The results of this analysis have been presented to the scientific community

in several publications, of which the most recent are enclosed,
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ABSTRACT

This document describes an experimental research program t¢ measure
the intensity, angular distribution, and energy spectira of particles trapped

in the Earth‘s magnetic field. Particular attention has been focused on the

!

measurement of particles artificially injected by high altitude nuclear
detonations during the series of nuclear tests conducted by the USSR and

the USA during the summer and fall of 1962. A detailed description of the
instrumentation and calibration procedures are given. Measurements obtained
by instrumentaticn identical to the cne here described, flown on an Air

Force satellite {1962 Bk) are given. The method of data handling is discussed
and machine programs for data reduction are described. PResults from these
measurements have appeared in several documents, a listing of which is

included in the text. A summary of the results and conclusions is given.

il




5.0

TABLE OF CONTENTS

Page No,

INTRODUCTION 1
INSTRUMENTATICN 5
DESCRIPTION OF SATELLITE MISSION 7
DATA REDUCTION TECHNIQUES 13
4,1 Time Correction 13
4.2 Correcting Magnetometer Data 14
RESULTS AND RECOMMENDATIONS 17

LIST OF APPENDICES

"Proton Spectrometer”, excerpt from G. Davidson, R. Giacconi,
H. Gursky, et al., A Research Program to Investigate the
Experimental Problems of Farticle Measurements in Space,

Final Report on Contract AF 19{604)~7347, ASE Document ASE-
400, 27 May 1963, 21

"Proten=Alpha Experiment”, excerpt from G. Davidson, R,
Giccconi, M, Guisky, et al., A Research Program to Investi-
gate the Experimental Froblems of Particle Measurements in

Space, Final Report on Contract AF 19(604)-7347, ASE

Document ASE-400, 27 May 1963. 37
"Beta, Beta, Gamma Instrumentation (CRM 11)" 71
"Digital Computer Processing” 95

L. Katz, D, Zmart, F, R, Paolini, R, Giaccont and R, J,

Talbet, Jr., "Measurements an Trapped Particles Injected by
Nuclear Detonations", gpace Research |V, Proceedings of the
Fourth 'nternational Space Sclence Sympostum, Warsaw, June

3 =12, 1963, North=Holland Publishing Compeny.

Amsterdam, 123

iv




|
!

SEUF I R o

Fig. No.

TABLE OF FIGURES

Description

o N b W N

~J

1e

0

Satellite Orbit
Locus of an Orbit in B~L Scace
Typical Data

Proton Spectrometer Assembly

Proton Pulse Height From a CsI(Tl) Scintillation Detect

Proton Spectrometer
Block Diagram of Proton Spectrometer

Calibration Curve Rate of Energy Deposition Channel
{S Module Cutput)

Celibration Curve Log Raiemeter 8 Mev Channel
(E-4 Module Cutput)

Seantillation Counter Systems

Fange~Energy Relation

Alpha-Proton Detector Assembiy

Alpha-Proton Particle Detector

Block Diagram of Llectranics

Maodule &

Modute 8" Discr, Fast Univitrat~r & Linear Garte
Module "C" Diyseririnator Fast Unegbrater and Livear
Module T Dise Univibrator

Madule L

Module T Scale of ~4 ara Binary~{ictal Converter

Paqe No.

or

Tante

15
25
26
<8
29
34

e

rtape

-




Fig, No.

Description

21
22

40

.

Module G Commutator

Typicai Count Rate Meter Calibration

28V to 6. 75V DC-DC Converter

Wirir.g of Panel for Test »f Modules

Energy Calibration Curve at M.1. T, Cyclotron
Trajectory of Pod in B-L Coordinates

Angular Dependence of Channel P1 Output

Angular Deperdence of Channel P., Output

2

Anagular Dependence of Channel HP a Qutput

2
Exploded View of Radiation Experiment, Model 11
Schemaric Diagran of Beta~-Gamma Sensor
Radiation Experime:rt 11 8-Senscr Unit

Geometny of Peta Ray Detector

Radiation Experiment 1! Beta-Ganma logic Unit
Schematic Mag-am of Beta-Gamma Lomgie Circuit

Geaometry of Gamma Ray Daetactor

Rad:ation Exreriment Mode] 11 Beta Bera Samma Deteclor

Radiatinn Experiment 1] Beta Beta Gamma Detoctor

Block Magram of Radiation Uxperiment

Diagram ot Wiring Harness

Peroentage of Impinging Flux Abso.bed in Electr~
Dintecror vs, Erergy of Inctdent Radiation

Percontase of Impinging Flux Absorbed (0 Gamma Ray

T TR - e P PR 1 ’. o g 3 g
Detector vs, Energy of Inoident Radiation

: - PRI SN . TN e g Loy mn B U a2 D FT e e s R
Karys of Fae Y oprerans e 2 LaAmma 5\:‘};’“7 it LaAminda ni S
e i e, Nk g ce s L iod Tprse yidgy 2 -
voe Dlectron Deteston g, Ineray of Incident Radiation

Page No.

56
58
59
60

% & S A
& Y

&L
—

42




1.0 INTRCDUCTION

The radiation trapoed in the Earth‘s magnetic field has been the sub-~
ject of intense study for the past several years, Experiments nave been
prorapted by the intense scientific interest in this important geophysical
nhe' .neron &s well as Dy the praciical importance of its effects. Possible
danger to manned and unmanned spacecraft exposed tc the trapped radiation
flux has been a primarv practical concideration. instruments te detect and
study the trapped particle enviroriment had been designed and flown by
several groups by the time of the resumption of high altitude nuclear testing
in 19€2. From the understana:na which had been rezched on the béhavior
of the natural radiation beits, it was ic2)ized :hat large yield high altitude
rnuclear detonations would significantly alter ... narticle distributicn in the
beits by injecting copious numbers of the charged partic. = produced by
the detonation. The artificial radiation belts thus created were ... fact
intense enough to cause damage to solar cells of orbiting spacecraft ana >

present a real hazard for manned space missions.

An important difference exists between natural and artificial belts.
Artificial injections result in a sudden increase of the particle intensities
in localized regions of the magnetosphere. This increase can be so large
that the flux of artificially produced particles is orders of magnitude greater
than the natural fiux. The pitch angle distribution and energy spectrum of
the radiation may also be radically changed. With time, conditions return
to the natural levels. Dependino on the characteristics of the injection and

on the processes which determine the removal of trapped radiation, the




characteristic times for return to the “normal® can vary by large factors.
Esiimates of these times prior to the tests varied from months to decades.

The purpose of the research program described in this report wac tc stuay

the nature of the radiation, its angular distribution, its energy spectrum, and

its temporal and spatial variation.

Several mechanisis play an impeortant role in the injection of trapped

particles produced by nuclear detonation. One can easily understand how the

decay of neutrons or of radicactive debris can result in trapping. The
relative importance of the various processes is, however. harder to
determine and depends critically on the depth in the atmosphere at which

the detonation occurs.

The low atmospheric density at the altitude at which Shot Star Fish
Prime was detonated permitted the debris to expand to great distances.
In the upward directicn the major force acting to restrict this expansion
was due to the interaction of the charged dekris with the geomagnetic
field. As a consequence, this expansinn continued unﬁl one or a combina-
tion of the following conditions occurred. The debris was brought to rest,
its energy having \been converted to magnetic energy and stored in the com-
pressed field; or the debris was guided along the field lines of the mag-
netic bottle to the Southern Hemisphere; or the debris de~ionized and the
subsequent trajectory of each particle was determined by the gravitational
force until a B-decay event occurred; or the expansion became tvbulent
with the debris breaking up into separated blobs. The downward expansion

was controlled principally by the exponentially increasing atmosphere.

Several ways exist to permit the debris to expand to large distances
from the source. Each debris B-decay event results in the injection of

an electron into the magnetosphere. What happens to the electron depends
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on its energy, tne sliitude of injectisn, and the pitch anuyla nf injection.
For each altitude electrons injected over a certain portion of the solié anyle
can be trepped. The centribution by thi{s process uf debris decay o the
artificial beliz is believed tc have been predominant ove- other processes

(1)

In low altitude detonations occurring, for instance, at 30 km, the contri-~

and in particular over neutron decay injection in the Star Fish event

bution to injection by the neutron decay process may become comparable
or predominate over the debris decay injection process. Accurate measure-~
ments of the spectrum and anguiar distribution of aritifictallv trapped radia -

‘ion could permit discrimination hetween the different inlection models.

Of great importa'nce ior ihe tnderstanding of the dvnamnics of the
trapped radiation and for its practicai consequences i3 the determination
of the removal times associated with the artificial radiatton belts. The
measurements obtained up to date seem to indicate a rapid initial decay
{olicwed bv & slower exponential decay with characteristic decay times
of the order of morths. It would also a;ﬁ'pear that scattering of the
trapped particles on atmospheric constituents is the major cause for

(%)

removal.

The results of the program here described have been published in
various forms. In this report a brief summary of results and of the maior
conclusions are given. The instrumentatior and calibration procedures

are described in detail.
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2.0 INSTRUMENTATION

The instrumentation constructed under this contract had been designed

and developed under other contracts. It included three instruinents:

1. A proton spectrometer for the energy region of 6 to 70 Mev,
developed under Contract AF 19 (604) ~ 7347. The detector
and pertinent calibrations are described in Appendix A.

2. A proton and alpha particle detector for the region from 1 to
10 Mev also developed under Contract AF 19 {604) - 7347 and
described in Appendix B.

3. An eiectron and v -ray measuring instrument package developed
under Contract AF 19 (628) - 252, which is described in Appendix
C. This instrument contains two detectors sensitive to electrons

and one sensitive to y =rays, 0.05 to 5 Mev.

The three instruments were constructed under this program to replace
identical instruments built under the AF 19 (628) - 252 and AF 19 (604) - 7347
programs and flown on an emergency basis on an Air Force satellite given

the international désignation 1962 Bk, flown in the {all of 1962.

Part of this contract consists of the analysis of the data obtained by
the instrumentation flown on this satellite. We therefore included in this
report a description of the principle of operation and characteristics of the

three instruments mentioned above.

W




3.0 DESCRIPTION OF SATELLITE MISSION

In the fall of 1962 an Air Force satellite, given the international
designatibn 1962 Bk, was launched into orbit. The satellite carried |
instrumentation to study artificial radiation belts created by the injection
of electrons from nuclear detonations into the magnetosphere., Under the
scientific direction of Air Force Cambridge Reseéfch Laboratories, a num-
ber of instruments were chosen for {inclusion in the payload The instru-

ments described in the preceding chapter were part of the payload.

The pertinent parameters for the satellite orbit at early times were
the following: apogee, 3000 n.m.; perigee, 115 n.m.; orbit inclination,
710; orbital period, 147 minutes; apsidal rate, 0. 80 per day. Figure 1
illustrates these orbital parameters. The satellite pitch period was
127 seconds, and the roll period was 53 seconds. The satellite parameters
were well suited to study the phenomena of interest. For example, the
high eccentricity of the orbit enabled the acquisition of data at large L
values near the equatorial plane. Slow tumbling rates, along with the
chosen data sampling rate of about one per second, permitted the use of
instruments which could measure accurately the angular distributions of

trapped particles.

’igure 2 shows the projection of an early orbit on a dipole field. The
coordinates are the usual "natural” B-L coordinates of McIlwain(Z) . The
squares and circles show regions of data acquisition in the 1.2 and 1.9

L-shells, shells of interest with respect to artificial radiation belts.
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The instruments comprising the total payload were selected to yield
redundant measurements in the energy range comresponding to fission -
electrons, and to inciude narrow acceptance angle detectors as well as
omni-direciional detectors. Instruments obtained their power from a
large capacity battery pack to avoid degradation of the experiment due to
possible solar-cell damage. Data could be acquired both by direct "real-
time" read-out and by command read-out of a tape recorder capable of

storing data from all instruments for a time longer than the orbital period.

The five scintiliation detectors comprising the AFCRL-ASE portion
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of the payload were designated Beta-1, Beta-2, Gamma, P, and P-alpha.
There is evidence that the P-alpha detector malfunctioned shortly after
l1aunch. The most salient features of the remaining four instruments are

summarized in Table I.

It will be observed that detectors Beta-1, Beta-2, and Gamma have

i extremely wide fields of view for charged particies; (detector Gamma has

- essentially a 4 r field for gamma radiationj. Thesge instruments were
utilized in determining the gross aspects of the artificial kelts, Detez-
tor P has an extremely nammcw field of view, and is essentially a
"directional differential intensity" detector. This detector was used in
obtaining pitch angle distributions. Output channels most used for the

data presented later in the report are marked with an asterisk.

Discrimination among types of paiticies (electrons, protons, or
gammas) is achieved by a comparison of the observed counting rates and
the rates of ene gy deposition {n several channels, and by roil-modulation
observations. 1. artificial radiation beits produced by high altitude nucleer

detonations, the detected particles are predominantly electrons,




TABLE I

DETECTOR

INSTRU-| pre1p OF view| SCINTIL- | SHIELDING
MENT LATOR . Window: THRESHOLD
A8 AAA ! Mev
deg. cmz»ster m/cmz | Sides e P
T » 3 mg/cm#
Beta-1 ) 0.3 AL, Al 0.5] 2.0
909 1.8 x 1078 B | . , 2
‘3‘-’%""’ B | 1.0] 2.8
Beta-2
oYW .08 1.4
2 m/cr'n2
4.5 L At ¢t 0,51 4.5 [ 40.+
Samma 120 1.8 ' 2
CsI{Tl) |=4gm/cm B "] 1.0| 5.0 | 4C.+
Al
C iw .04] 4.0 { 40,
70 mg/:cmz A* | ¢ 1.0 1.0 6.2
_3 12.5 Al; '
P 6 1.7 x 10 2 B " 2.0 2.0 t. 5
. 25. g/cm
CsI{Tl) F
€ cl*| 40! 40| 7.6
D" 8.0 8.0 }10.5
E ¥ 120, 20. 21.
F 1" 130, 30, 31.
G " 150, 50, 51.
H |" |70, 70, 70,
] W 12y 0.3 6.0
KEY
) Flux Measurement
W Rate of Energy Deposition Measurement

AthruJ:

Channel Identification




4.0 DATA REDUCTION TECHNIQUES

The telemetered data from the satellite was digitized and merged with
ephemeris information by Lockheed. This ephemeris information included
B-L coordinates derived from Mcllwain's model. Progrsmns for the IBM 7090
computer were developed and used whenever possible in the d1ta reduction.

These programs are discussed in detail i:1 Appendix D.

Digjtal Computer Processing. Outputs of the processing system included:

1. Straight listing or summary of telemetered information,
2. B - L matrix with detector counting rates as elements,
3. Pitch angle distribution printouts.

4.1 Time Correction

It was discovered that the universal times assigned to voltage
points on the digitized tapes were {n error, An {nitial assumption was then
made to ine effect that the time error was constant throughout a satellite

orbit. Then tweo methods were used 0 determine time corrections:

i. From a knowledge of the satellite orbit, times of entry
and exit {from the Earth's shadow could be computed.
This information was correlated with readings of the

satzllite's solar sensors to produce a time correction.

2. By studying the instrument readings, it was possible tc
determine when the satellite was passing through radia-

ticn belts. A radiation belt has a constant associated

ot
L




L value. Since ephemeris quantity L was computed
from universal time, which was in error, successive
passages through the same radiaticrn belt had apparent
different L values. By adijusting universal time (and
ephemeris) in such a manner as to yield consistent L
v3lues on each passage through the same radiation

belt, a t'me correction could be computed.

Both methcds yielded consistent results for any satellite phase.
We have therefore used in data analysis universal times - orrected by v'sing

Method 1.

4.2 Cormrecting Magnetometer Data

Figure 3 shows, as a function of time, a typical portion of the
raw datz fron: detector P ana the corresponding calculated value of the
cosine of the pitch angle 6. If we accept these pitch angle curves at
face value, we would obtain inconsistent distributions from the left and
.ight portions about a maximum or minimum of the cos 6 curve. We demand
consistency about maxima and minima in our analysis, attributing the
apparent anq«ular discrepancies to magnetometer error. This amounts to

assuming axial symmetry about a B-field line.

There is little doubt that the magnetometer data are in enncr. The
angular discrepancy is always greater in low B-field regions. Furthermore,
if we plot tiie difference in absolute values between the magnetic field
strength given in the ephemeris (calculated from the Jensen and Cain model)
and the magnetic field strength derived from the magnetometers, we obtain
an oscillatory function with a time behavior characteristic of the pitch-
and roll behavior of the satellite. Such an apparent magnetometer error

may be due to the residual magnetic field of the satellite or to magnetometer

14
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calibration drifts, The angular discrepancy does not seem to be due to
timing errors since in the san.2 orbit the angular shift required to bring about
data consistency is iust as apt to be positive as negative. All attempts to
discover the source of the angular discrepancy, and correct for it, did not
prove successful. We have, therefore, in our treatment of the data, shifted
the aspect function by the amount required to bring about data consistency.
The magnitude of such a shift seldom exceeds 60 and, as stated, tends to

be larger in the low B-field regions of the orbit,

ASE Document ASE-845 gives further details cn the computer programs,

on techniques. used to make time corrections, and on attempts to make

magnetometer corrections.
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5.0 RESULTS AND RECOMMENDATIONS

After reduction, the data were analyzed to achieve the foilowing aims:

1. To establish the time and lccation of the artificial injections

occuring during the useful life of the spacecraft instrumentation,

2. Tc determine the angular distributions of the trapped particies,

and
3. To study the temporal and spatial intensity variatiorns.

The results obtained have been described in the several documents

listed below to which ASE scientists have contributed under this program:

1. R. Giacconi and F. Paolini, "Preliminary Results Obtained by
1401 Instrumentation cn the Artificial Raaiation Belts", ASE
Document ASE-34!. 1 January 1963. SECRET

2. L. Katz, D. Smart, R. Giacconi, F. Paolini, and R. Talbot, Jr.,
"Preliminary Resuilts on the Artificial Radiaticn Belts Since
October 27, 1962, as Measured by Starad"”, in Symposium

Proceedings: Beta Beta and Delta Gamma Programs, 6-7 March

1963, Armour Research Foundation of the Illinois Institute of
Technology, Chicago, Illinois, DASA 1371, DASA Data Center
Speciai Report 13, May 1963. SECRET-RESTRICTED DATA.

3. L. Katz, D. Smart, F. Paolini, R, Giacconi, R. Taibot, Jr.,

"Measurements on Trapped Particles Injected by Nuclear Detona-

tions", in Symposium Proceedings: Trapped Radiation, 15-16 April

1963, Goddard Space Flight Center, Greenbelt, Maryland,

17
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DASA 1394, DASA Data Center Special Report 16, August 1963.
SECRET.

4, L. Katz, D. Smart, F. R. Paolini, R. Glacconi, and R. Talbot, Jr.,
“Recent Changes in the Artificial Radiatjon Belts”, Presentation at
the 44th Annual Meeting of the American Geophysical Union,
Washinc*on, D. C., 18 April 1963,

5. L. Katz, D. Smart, F. R. Paolini, R. Giacconi, and R. Talbot, Jr.,
"Measurements on Trapped Particles Injected by Nuclsar Detona-~
tions", Space Research ]V, Proceedings of the Fourth Intemational
Space Science Symposium, Warsaw, June 3-12, 1963, North-
Holland Publishing Company, Amsterdam.

e

6. G. A. Kuck, "Time Behavior of Charged Particles Injzcted by
1962 High Altitude Russian Nuclear Tests"”, Thesis, Air Force
Institute of Technology, August 1964,

Document 5 of this list is included as Appendix E of this report‘.

In summary, the results of the program were:

Detection of artificial belts due to Russian High Altitude Nuclear detona-

tions on October 28 and November 1.

Measurement of angular distributions and lifetimes of the trapped
radiation artificially injected by the Russian detonations trom early

times up to 45 days after the detonation.

R W T v
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The major difficulties encountered in the progfhms were:

1. Difficulty of interpretation of the data due to the bruad resnonse
characteristics of the detectors with respect to differen: species

and eneraies of particles,
2. Insufficient angular resolution of the electron dutectors.

3. Incomplete coverage by the satellite of the times and regions

of interest.

4, Insufficient timing and aspect accuracy.

Most of these difficulties were due to the fact that the instrumentation
was not specifically designed for monitoring artificial radiation belts. The
short times involved from conception to flight cf 1962 Bk (about : month) also
did not permit modification of the detectors cr adequate discussion and im-
plementation of the timing and aspect requirsments. Advanced planning,
resulting in stand-~by payloads specifically designed to detect artificially
inlected particles and ready to be flown for such missions is obviously the
answer. This policy is presently Leing imple nented by the Defense Atomic
Support Agency.

A second difficulty which as yet has received inadequate attention is
the poor coverage which one can obtain from polar orbiting satellites. A
polar orbiter affords inspection of shells with a wide range of L values
but poor coverage of each shell. An equatorial satellite with identical
instrumentation with appropriately selected orbit could permit full time

coverage from zero times.

19
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APPENDIX A

"Proton Spectrome'tu"

Excerpt from G. Davidson, R. Giacconi, H. Gursky, et al.,

A Research Program to Investigate the Experimental Problems

of Particle Measurements in Space, Final Report on Contract AF
19 (604) ~ 7347, ASE Document ASE-400, 27 May 1963. pp. 133-146.
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3.4 PROTON SPECTROMETER
3.4.1 Introduction

The knowledge of the radiation environment in which
satellite components have to survive is of particular interest for the design
of long-lived systems. Due to the steepness of proton and electron spectra
in the Van Allen belt, it is evident that moust of the energy content is carried
by low-energy particle fluxes. In particular, rclatively low-energy protons
(energie: greater than 10 Mev) can traverse considerabie thicknesses of
shielding ~ for instance, 1 millimeter of aluminum - and lose their total
residual energy in the next few grams of material. Damage to solar cells

by such protons is thereiore particularly extensive.

Such data must be known for satellites which spend a large portion of
their orbit in the heart <f the inner Van Allen belt where large ifluxes of
protons in this enerygy range are expected. The measurements available
to date have been performed in the energy range above 60 Mev. These
data indicate a steep power spectrum up te 320 Mev. If one extrapolates
these results to the 10 Mev region, it can be shown that 10 Mev protons
carry about 103 times more energy than 60 Mev protons. However, such an
extrapolation i~ not known to be valid, and it is therefore of great importance
to determine the differential spectrum of protons in this energy range to

establish the existence or absence of a "knee" in the energy spectrum

rhe foliowing sections descrite an instrument which has been
designed, constructed and flown primarily for the purpose of measuring the

energy spectrum cf protong in the energy region 6 to 100 Mev,

3.4.2 Theoty of Design

The guiding philoscphy in the design of this instrument




was to achieve the utmost simplicity consistent with the desired objective
of measuring the spectrum of protons in the energy range between 6 and
100 Mev in the heart of the inner Van Allen belt. The spectrometer is a
directional instrument which measures proton fluxes within a cone + SO
from its axis, and therefore is capable of further yielding information on

pitch angle distributions.

The detector consists of a Thallium activated Csl crystal whose
thickness in the direction of the incident beam is equivalent to the renge
of 90 Mev protons (11.5 gr cmhz)g This scintillator is surrounded by a
stainless steel shield equivalent in thickness to about 100 Mev protons
except in a narrow opening which defines the field of view. In the path
of the incident particles and in front of the CsI(T1) crystal an aluminum
shield equivalent in thickness to the range of a 6 Mev proton (70 mg cm-z)

is placed. Figure 4 is a detailed drawing of the head design.

Protons of energy greater than 6 Mev and smaller than 90 Mev enter
the crystal and are stopped in it. The crystal therefore has a response which
is proportional to the total energy of the proton in the aforementioned energy

range.

Protons of energy greater than 90 Mev traverse the crystal and are not
stopped in it. The energy loss of these high-energy particles are not
linearly proportional to their total energy, but equal the energy loss of
some lower energy protons which do step in the crystal. However, in any
particular intervai of energy between 6 and 100 Mev, the amount of contamina-
tion due to such high-energy protons will be less than 10 per cent due to the
steepness of the proton energy spectrum. Figure 5 shows the relationship
between the incident proton energy and the pulse height ottained from the
photomultiplier viewing the Csl{T!) crystal. The decrease in pulse height

with increasing energy abcve 90 Mev 18 clearly evident.
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This detector is sensitive olso to electrons of energy greater than
40 kev, which cen penetrate the aluminuin shield. However, since the
flux of high~enzrgyv electreons is small compared to the proton flux of the
same energy in the inner belt, it is felt that the electron background will
not give rise to serious difficulties in the analysis of the data for this region
of space. By performing pulse height analysis ot the scintillator output

it is therefore possible to determine the differential spectrum of protons
between 6 Ind 100 Mev to reasonable accuracy. ( Energy resolution is

about 15% FWHM, and readcut accuracy about + 20%).

3.4.3 Description of the Instrument

Figure 6 is a photograph of the instrument, It
occupies a volume of 6" x 6" x 12", and weighs about 12 pounds. The
instrument has been tested to operate satisfactorily over a temperature
range of ZOOF to IGSOF, and can withstand the vibration, shock, and

acceleration environment specified for Midas vehicles.

Figure 7  gJives a block diagram of the instrument. The scintillator
is viewed by a ruggedized rhotomuitiiclier, The average dc current of the
photomultiplier anode is monitored in addi ‘on to the single pulses and is
therefore a measure of the total rate of energy deposition in the crystal.
The dc current is fed to a dc amplifier which presents the information in

analog form between G and 5 volts to a telemetering point,

Pulses are fed through two amplifiers with different gains, In the first,
pulses corresponding to energy losses in the scintillator between 1 and 8 Mev
are amplified to give pulse heights between 0.5 and 4.0 volts, In the
serond, pulses corresponding to energy losces between 20 Mev and 70 Mev
are amplified to give pulse hefghts between 1,0 and 3,5 volts. The outputs
of these two amplifiers are discriminated over cight rarges of pulse height
corresponding to energy losses greater than 1, 2, 4, R, 20, 30, >0 and
70 MNev, Figure 5 1llustrates the relationship between incident proton

energy, energy 10ss, and appropriate discramination levels.
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The output of each energy channel is fed to a logarithmic rate meter
whoce voltage is proportional to the logarithm of the counting rate over a
dynamic range of 3 orders of magnitude. In the low-energy channels, this
range extends from 10 to 104 counts per secons while in high-energy
channels it extends from 0.1 to 103 counts per second. The output of the
iogarithmic rate meters is in anaiog form between 0 and 5 volts. The different
ranges in sensitivity were chosen te cover the expected nossible variations
in the measured intensities which might be encountered in the heart of the

inner Van Allen belt.

Twelve telemetering points are needed ‘o transmit the analog inforination.
Additional telemetering points are used to monitor the photomultiplier high

voltage and the transistor power supply voltage.

Circuit diagrams for the various elements comprising the instrument
are identical to corresponding elements of the P-a detector, and will not
be duplicated here. The power consumpticn of the total instrument is about

2 watts.

3.4.4 (alibration Procedures

Because of time limitations, it was impossible to calibrate
the two instruments of this type with proton accelerators.
Two accelerators would have been necessary - a low energy machine (such
as the 8 Mev ONR Van de Graaff at M.1.T.) and a high energy machine
(such as the 200 Mev Harvard Cyclotron) - for calibration of the low and

high energy channels respectively.

0
For this reason, a Po alpha particle source was used for energy

~alibration. The source was in the shape of a very thin Po disk, one-eighth
inchk in diameter, covered with a thin protective film of evaporated gold,

all mounted on an aluminum planchette. The energy of the alpha particles
penetrating the gold was measured to be 5.2 Mev with a 0.2 Mev half-
maximum width by the suppliers of the source. (The spread is caused by

energy losses in the source and the protective gold foil.) This energy

30




sprear is well within the resolution of scintillation detectors, and the source

wes therefore perfectly adequate for our purpose.

Calibration of the eight flux (counting rate) channels of each instrument
was achieved as follows. The photomultiplier high voltage was preset. The
gain of the amplifier feeding the four low energy channels was then adjusted
until the amplifier pulses produced by the alpha source in contact with the
scintillator were 1.65 vclts high. Since a 5.Z Mev alpha particle gives
the same pulse height in CsI{T1) 3s a 3.3 Mev proton, this set an
amplifier scale factor of 0. 50 volts/Mev for protons. The photomultiplier
was then disconnrected from the amplifier input, and a pulse generator with a
network to yield the same pulse shape as was obtained from the photomultiplier
was substitutea. The discriminators of the four low energy channels were
then set to fire for amplifier output pulse heights ot 0.5, 1.0, 2.0, and 4.0
voits, corresponding therefore to protons which give energy losses in the
scintillator of 1, 2,4, and 8 Mev respectively. The relationsiiip between
incident proton energy and energy loss in the scintillator (indicated in

Figure 5 was calculated from proton range - energy relationships in the

usual fashion, using the Univ. of Calif. Range=-Energy Tables, UCRL=-2301.

The gain of the amplifier feeding the four high energy channels was
adjusted until the gain, relative to the low channel amplifier, was just 0. 10.
This was accomplished in practice by trimming this amplifier until a 0. & volt
pulse height output was obtained when the output from the low energy channel
amplifier was 5. 0 volts; the test pulser was used to furnish the input pulses.
This procecure thus set the high energy channel amplifier scale factor to
0. 05 volts/Mev for protons. The discriminators of the four high energy
channels were then set to fire for amplifier output pulse heights of 1.0,

1.5, 2.5, and 3.5 volts, corresponding to protons which give energy losses
in the scintiliator of 20, 30, 50, and 70 Mev respectively. Since both
ar.plifiers were tested to be linear within a few per cent over output pulse

heights from 0. 2 to 5. 0 volts, this procedure resulted in a fairly accu-ate

31




calibration of the high energy channels despite the indirectness

of the technique.

Calibration of the energy deposition channel was achieved as follows.
The instrument was placed in a standard location in front of an opening in a
lead house containing a 10. millicurie 0060 source. The rate of energy
deposition in a standard shape CslI(T1) crystal had previously been determined
for this locaticn in the following way. The crystal was mounted on a photo-
multiplier, run at a predetermined negative high voltage and the charge
deposited by the Na22 0. 51 Mev annhilation photopeak was measured in the
conventional way. This led to a "chary.: sensitivity constant", giving the '
number of coulombs deposited per ev of energy deposition by electrons. This
number, of course, is éiso identical in magnitude to a "current sensitivity
constant" giving the photomultiplier current (coulombs/secord) produced
per ev/second rate of energy deposition. The PM was then rewired for anode
dc current measurement, and placed at the standard location beiore the Co60
source. The PM was run at the same high voltage as before, and the anode
current was measured. Since the "current sensitivity factor” was known,
this led directly to the rate of enerqgy deposition in the standard CsI(T1)
crystal at the standard location before the source. Geometrical and shielding
corrections were then calculated for the CsI(T1) scintillator and shielding
proper to the proton spectrometer to be calibrated. These were applied to
derive a new source strength, in ev/sec, peculiar to this detector placed in
the standard location. The signal output from this instrument's current
meter was then recorded. This procedure calibrated one point for this channei,
in an absolute fashion. To achieve calibration over the entire dynamic
range of this channel, use was made of the fact that photomultiplier anode
current (within space charge limitations) is linearly proportional to the rate
of energy deposition in the scintillator. An intermedia.e calibration curve,
of current meter signal output versus input current (generated by a calibrated

laboratory curreat source) was first plotted. The recarded photomultiplier
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signal obtained {rom the Co60 source led directly to the needed proportionality
constant between PM anode current and rate of energy deposition. The current
scale of the aforementioned intermediite calibration curve was then relabed in
terms of the rate of energy deposition, resulting in an absolute calibration

curve. The curve for a typical instrument is shown in Figure 8.

The logarithmic count rate meters were calibrated by the use of the
pulser utilized in the energy scale (discriminator) calibrations. Output signal
versus the pulse repetiticn rate input was plotted for each of the eight flux

channels of the instrument. Figure ¢ shows a typical calibration curve.

3.4.5 Summary of Experimental Results

Up to the time of this report, one protcn spectrometer has
flown, and that one on a satellite given the intemational designa.ion 19628«.
The instrument coperated satisfactor:ly. Analysis of the data obtained has not
yet been completed. Preliminary results were reported at the NASA-DASA Sym-
posium on Trapped Radiation, held at Goddard Space Flight Center in Greenbelt,
Maryland, on April 15 and 16; ana again at the 44th Annual Meeting of the

American Geophysical Union held in Washington, D.C., cn April 17 through 20.

Probably the most interesting data obtained from this instrument resulted
from its capabilities as an electron spectrometer, rather than as a proton spec-
trometer. In this application, since the electron to proicn pulse height ratio
is very close to unity in Csl{Tl), and since the 70 mg/cm2 aiuminum shield in
front of the scintillator results in negligible energy loss for high _nergy electrons,
the first five discriminator levels correspond very nearly to electrons of incident
energy 1, 2, 4, 8, and 20 Mev. (The last three discriminators will not respond
to dectrons since the maximum energy loss an electron can experience in the

CsI(T]) 1s about 25 Mev.) Durins flight, significant electron counting rates were
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observed in the first three channels. Highest fluxes occurred when the satellite
passed through the L = 1.83 shell, containing an artificd al radiation belt. This
L region is also the slot between t he natural inner and outer radiation belts,
known to be low in proton population. Correlation with outputs of other instru-
ments flown established conclusively the identification of the particles beyond
L= 1.8 as electrons. Protons were detected by the instrument in the region

of the inner belt as expected, but data analysis for this region of the magneto-

sphere is incomplete.
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APPENDIX B

"Proton-Alpha Experiment”

Excerpt from G. Davidson, R. Giacconi, H. Gursky, et al.,
A Research Program to Investigate the Experimental Problems
of Particle Measurements in Space, Final Report On
Contract AF 19 (604) - 7347, ASE Document ASE-400,

27 May 1963. pp. 58 - 89.




3. 1.2 Instrumentation

The use of an artificial satellite as a vehicle imposed
particular requirements on the weight, reliabil!ity, and ruggedness of the
instrumentation necessary to perform the experiment, Classical solutions
for mass discrimination such as magnetic separation had to be discarded
owing to weight considerction, In order to exploit the benefits of long
avallabie times of observation, the power consumption requirements were

kept to a minimum. Particular problems existed in the data transmission.

The experimental arranjgements which are discussed in the following

sections were cdesigned to satisfy these requirements.

Emphasis was placed on simplicity of construction, reliability of
operation, light weight, and low power requirements, A particular effort
was spent to reduce to a minimum the requirements on the data-transmitting

equipment.

The instrumentation required for the proposed experiment was designed
to perform any or all of the following functions:
A, Detect protons, alpha particles, and other possible

heavy components in the Mev energy range.
B. Distinguish betweea these particles.
C. Measure their anergy.

The three functions are not independent frcm each other, In fact, to
discriminate between diffcrent particles, a measuremeant of .he energy
together with another independent quantity, such as range, or rate of
energy ioss is required, Therefore, rather than discussing single
components which could be used to perform one particular function, we

prefer to discuss complete systems which can accomplish all three functions.
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Each such system is bullt around a basic component, the detector,

The characteristics of the detector and the type of information it

can furnish dictated the choice for additional components which had

to be used to perform the experiment. For the final design of the experiment,
various possible systems built around adaptions of available detectors

were studied in detail and a scintillator detector was selected as the basic

deteactor.

3.1.3 Princinle of Operation

Inorganic scintillators such as thallium-activated Csl
will respond almost linearly to the energy loss within their volume, By
using more than one scintillation detector, one could, therefore, measure
both the specific energy loss and the total energyv of the particle. In
Figure 10a, a schematic arrangement is shown. The anti-coincidence

detector, S., assures that the particles step in S_ and, therefore, that

the pulse hgight in 82 1s a measure of the total erfergy, E. The pulse
height in S1 is a measure of the specific energy loss AE/Ax. From
these two measurements, the type and energy of the particle can be
determined., This classical arrangement, however, is easily adapted
only to the detecticn of particles of relatively high energy. For low-
energyv particles, the thickness of S1 must be made smaller than the
residual range of the particie. [n the case of protcns or alpha particles
of energies of a few Mev, the residual ranges are of the ordzr of microns,

as shown in Figure 11,

The practical difficulties involved with a thin detector S1 led to a
consideratic ~ of other possible schemes, A different approach which was
the one finally adopted consists in the measurement of max..num ranye
(rais.er than AE/dx) and energy. .nis arrangement is the one shown

schematically in Figure 10b.  The counter S1 which previously was used
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to measure AF/Ax is eliminated, One can only measure the total

energy, E, lostin S Still, it can be shown that such a detector

would, in fact, be ablze for given energy regions, to distinguish
between different kinds of particles besides measuring their energy.
Let us assume, for instance, that the scintillator S2 has a given
thickness, R. The maximum range that a particle stopping in S2
can have is (neglecting straggling) also R. Different particles

having the same range have different energles, as evident by inspection
of Figure 11. For instance, the maximum energy of a preton stopping
in , 2 millimeters of CsI(T1l) is about 5 Mev, while the max.mum energy
of an alpha particle stopping in this thickness is 20 Mev. Therefore,

no pulse from S, corresponding to an energy loss of mcre than 5 Mev can

be given by a prcznton. Consequently, with this particular thickness of
scintillator, we are able to separate alpha particles of energies between

5 and 20 Mev from protons of any energy, and are also able to measure

the a~particle energy spectrum .n this region. With other similar detectors
having different scintillator thicknesses, other regions of the spectrum
could be selected. It should be noted that the higher Z particles could
not be separated {rom the alpha component in this fashior,, so that a small
contamination of high Z would not be resolved. The same method could,
however, be used to separate high Z components from alpha particles in

given spectral regions. The design of this particular type of system was
adopted for the flight instrumentation,

3.1.4 Rejection of Spurfous Events

The available measurements on intensity and composition

of radiation in the Van Allen belts of radiation indicate omni-directional in=-
tensities in the core of the inner layer of lOg/cm2 scc, for electrons with

4
energies greater than 20 kev and 2 x 10 ,’cm2 sec, for protons with energy
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greater than about 40 Mev. While the electronics assoclated with the
detector can very effectively distinguish between the pulse heights
produced by the electrons and heavier particles, it was felt that the
number of electrons present is so high that they might produce a dc
background, which would, in effect, jam the counter, One could improve
this situation by reducing the solid angle viewed by the detector, but in
this way, the fluxes of ali types of particles would be reduced by the same
amount. We used a different approach to this problem consisting of the
use of a magnetic separator capable of reducing the electron fluxes by
orders of magnitude without appreciably reducing the proton and alpha
fluxes. A magnetic field of about 2000 gauss cver a region of 6.

cm2 was used to deflect particles with momenta ur o 10 Mev/c

by 300. Electrons up to 10 Mev energies could thereby be re-

moved from the accepted beam, while protons and alphas of the same
energy would be deflected by angles of the order of lo. The advantage
of this method is due to the fact that proton and alpha fluxes are not
attenuated, while the electron flux is, The magnetic field required was
obtained by using small permanent magnets, A diagram of the detector

assembly is shown in Figure 12.

Care was exercised in the design of the experiment to discriminate
against other possible sources of background as, for instance, nuclear
interactions of low and high~energy particles in the detector. By using
a thin detector we reduced the probability of occurrence of such interactionr

to relatively low values,

3.1.5 Flight Instrumentation

Figure 13 {s a photograph of the flight instrumentation

which was constructed to implement this experiment,

A listing of the design specifications is given below,
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Power Requirements:
Weight:

Detector:

Field Strength:
Shielding:
eometric Factor:
Max. Cournting Rate.
Counting Life:

Outputs:

Environmental
Operating Limits:

1 watt, 28 +VDC.
10.8 lbs.

6199 photomultiplier with Csl and plastic scintillator
sandwich.

B . 300 gauss.
1.5 m gr/cm2

All= 1.5 x 10“3 cm2 ster.
107 protons/cmz sec ster,
Indefinite.

There are eight outputs fed to tl:e cable connector,
These consist of three log count rate meters whose
dc output is a linear function of the logarithm of
their counting rate. The discriminator circuits in
these channels are set to respond to pulses of proton
and alpha particie stopping in the Csl. The energy
12ss required to trigger the discriminators are as
follows:

Ch. Pl = 1 Mev
Ch., P2 = 2 Mev
Ch. P3 = 3.5 Mev

in addition to this, there is the output from a cyciic
gete (Ch. 1) which internally commutates the outputs
from four cother log count rate meters and displays
each for about four seconds. Thes& channeis respond
to particles having the fcllowing energies:

Ch. o la 5.5 - 16 Mev alphas
Cn. o 2a 10 - i5 Mev alphas

Ch. hp 2a 10 - 50 Mev protons
Ch. hp la 15 = 2u iJfev protons

In conjunction with this output, and having four
separate outputec, are four digital readouts. Ch a lb,
Ch. a 2b, Ch, hp 2b, Ch. hp lb, each operated by
an analog staircase and covering the same energy
ranges as the above log count rate meters

Temperature: +20°F to 416505‘
Acceleration: 5¢ G's -1
Shock: 50 G's in 7 x 10 7 sec,
Vibration: 25 G's, 30 - 3C00 cps.
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A block diagram of the electronics is shown in Figure 14. (Note:
Some of the energy ranges indicated differ from those of the previcus table;

the table indicates the later design values).

Figures 15, 16, 17, 18, 19, 20, and 21, show the wiring of the
individual Modules A through G.

A particle in the field of view of the detector is deflected by the
static magnetic field. Electrons are deflected enough so that approximately
only 1% of the electrons at 1 Mev can reach the detector, Proton and alpha

particles are deflected aimost inappreciably.

A particle impinging on the detector can penetrate one or both of the
scintillators. A mixed light pulse from the Pilot B scintiilator with about
5x 10“8 sec decay time and from the CsI(Tl) with about 3 x 10-7 sec decay
time will be detected and amplified by the photomultiplier. Pulses are
monitored at the last dynode and at the anode. The dynode pulse is clipped

by use of a shorted cable which eliminates the slow component,

The arnode pulse is amplified and fed to a linear gate {Module C2) which
is triggered by the identical pulse delayed by .2 x 10-6 sec. This allows only
the slow portion of the pulse to be transmitted to an antigate (Module B) which
18 triggered by the fast pulse. If no "fast pulse” is present the slow component
from the CsI(Tl) is fed to a 5 channel analyzer (Modules D1 through D5), If a

fast pulse is present no output is present from Maodule 8.

On the other hand both pulses are also fed to a linear gate (Module C1).
The fast pulse is delayed by .5 x 10-6 sec to allow coincidence between it
and the slow portion of the pulse from {(Module C2) the previous linear gate whicn
furnishes the siow portion and constitutes the trigger, 1f coincidence exists
the iast pulse is analyzed on 2 channels {Modules D6 and D7), The meaning
of these operations from the point of view of the measurement is the following,
The pulse from a siow particle stopping in the first scintillator Csl(T?) is

analyzed by D1 to D5, The pulse height cortesponds to its total energy.
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The pulse from a fast particle which enters both scintillators is
analyzed by D6 and D7. The level of discrimination in the linear gate
is such that only particles which exhibit & large enough energy loss
ia the CsI(T1) are accepted. This corresponds to a AE/Ax requirement,
The level is such that only particles with energies less than 30 Mev are
accepted, These particles will stop in the Pilot B scintillator if they are
protons of less than 32 Mev or electrons of less than 2 Mev. By requiring
.5 Mev energy loss in the first crystal and greater than 10 and 15 Mev
energy loss in the second, we can eliminate elections and measure the
energy of the protens in two bands of 10 to 50 and 15 to 30 Mev, The
outputs of all discriminators are fed to count rate meter which furnishes
a voltage approximately proportional to the logarithm of the counting rate
{Module E). A typical calibratior ~urve {5 shown in Jigure 22.  Also
on the four highest energy channels the cutput is i2d to octal staircase
scalers (Module F) to allow acrurate counting at very low fluxes. The
output of these scalers were multiplexed within the experiment by means

~y

of a cyclic gate Maodule Gj.

Additionai ¢lectronics included a high voltage supply of the Ccckeroit
walton type ard a dc tc dc converter and voltage regulator shown in
Figure 23. Figure 24 shows the wiring diagram of a test panel for
testing Modules A through G,

The output from the channels were adjusted to measure particles in

the following ranges of energy, given on page 47.
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TYPICAL COUNT RATE METER CALIBRATION
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3.1.6 Calibrations

The prototype flight instrument was subjected to
extensive testing. Exposure at the High Vcltage Engineering Van de
Graaff electron accelerator was used to study the response of the
instrument to very high electron and gamma ray fiuxes. Effects such
as pile-up and fatigue were studied to assuie that conservative criteria

had 2een used in the design of the experiment.

Both in-house calibrations with alpha particle sources and calibra-
tion at the 14 Mev M.I.T. Cyclotron were used to set the proper energy
discrimination ievels. The protons and alpha particles beain was brought
outside through a 6.4 x 10-3 c_;r/cm2 Au foil. The energy of the particles
was then attenuated by use of Al foils . 001 inches thick in various
amounts. Protons with energy lcss as small as .5 Mev in the scintilla-
tors were detectea. A point calibration was performed to determine
linearity of the system to a given energy lost in the CsI(T1). Figure 25
shows a tvrical curve obtzined in such a test. The vertical error kars are
estimated on the basis of inherent statistical accuracy of t3iz detector, The
horizontal error bars are due to uncertainty inherent in tlie method used to
degrade the energy. Effects of straggling at very low energies are predomi-
nant. The efficiency for measuring alpha particles was determined and a
resolution curve obtained with alpha particles showed an energy resolution
cf about 20 per cent. The rejection efficiency of the anti coincidence was
measured and found to be identical, within the measurement error, to 10uv
per cent. These calibrations were repeated for each flight unit to> assure
reproducivility. It was found that the individual differences in geometry and

crystal eificiencies were negligible.

In the field, calibration was carried out by especialiy mounted radiosactive

alpha particle sources which could be brought into close proximity of the
CsI{Tl) crystal.
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3.1.7 Operational Information

Seven complete units of the proton-alpha experiments
(AFCRL designation CRM=-2B) were built. The first unit was delivered on
1 February 1961.

Unit ASE-P-32-0 was used in destructive environmental testing.

Unit ASE-P-32-1 was flown on the Atlas Pod 08, at Cape Canaveral
on 19 December 1961.

Unit ASE-P-32-4 was flown on an Air Force Satellite launched on

14 December 1962 at VAFB (PMR). The satellite did not achieve orDit.

Unit ASE-P-32-6 was (under the direction of the scientific monitor)
modified to fly on the 1962 Bk satellite. This unit was working properly
up to a few hLours before launch when last calibrated. The unit did not
however, operate as planned after the boost phase. We ascripe this failure
to a malfuncticn cf the high voltage supply. The high voltage supplies of
units ASE-P-32-2, ASE-P-32-3, and ASE-P~32-5 were changed to a new
supply of the type used or. the P~11 instrumentation.

Unit ASE-P-32-5 is presently on board of an orbiting spacecraft
launched cn 9 Mev 1963 from VAFB (PMR). N~ information has yet been
received by us on the success of the flight and no data have yet been

made availakle.

Units ASE~-P-32-2 and ASE-P-32-3 have not yet bee assigned a
vehicle. These units are completely tested and calibrated ard could be

made ready for flight in a matter of hours.
J. 1.8 Results

Proton-Alpha urit No. ASE-P32-1 was flown in an
engineering test on Atlas Pod 08, 19 December 1961, from Cape Canaveral.

The trajectory had an apogee of 1280 km, which toock the Poa into the inrer
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radiation beit. (Figure 26). Since it was primarily an engineering test
rather than a scientific data gathering flight, and since there was uncertainty
concernino the expected particle intensity the instrument wculd encounter,
the magnetic electron broom was removed, the field of view was increased
and the energy thresholds were lowered. This resulted in the detector

being sensitive to eiectrons as well as protons and alphas.

Simple considerations using previously known energy and voltage thres~-
threshold settings, the newly set yoltage threshold settinas, and voltage-
energy linearity, leaa to the following new ranges of sensitivy for the

various data channels:

Channel Protons Electrons
P1 3.7 > E> .35 Mev insensitive
P2 3.7 > E > .65 Mev Insensitive
P3 3.7 > E> 1.9 Mev Insensitive
@ 3.7 > E> 2.82 Mev Insensitive
% a, 3.7 > E> 3.15 Mev Insensitive
HPZ E> 3.4 Mev E > 0.35 Mev
HPI E> 5.3 Mev E> 0.6 Mev

A complete calibration was done for protcns., No calibration was done
o}
for electrons. The detector had a 9 half-angle field of view and an area of
2 2
~1.25 cm™ giving & geometric factor of ~ 0,08 ¢cm =ster, A sample of the

type of data refrie d is shown in Figures 27, 28, and 29.

Figure 27 shows the variation of the counting rate in channel Pl
sensitive to protons with enerqy greater than , 35 Mev with respect to

208 6 where 6 is the angle between the axis of the field of view of the
detector and the B field. A similar piot for protons with energy greater than

.65 Mev is shown in Figure 28.

Figure 29 shows the variation of the rate in cne of the fast plastic

scintillator {Pilot B) dise~ .. ‘5rs HP,» Stice the threshold for coincidence
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ANGULAR DEPENDENCE OF CHANNEL P4 OUTPUT
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ANGULAR DEPENDENCE OF CHANKEL P, OUTPUT
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in the CsI(T1) had been lowered to accept puises for minimum jonizing
paiiicles, this rate can represent the rate =ither of protons with energy

greater than 3. 36 Mev or of electins of energy greater than . 35 Mev,

The second possibility i the one we have accepted to explain the
inconsistency between the extrapolated energy spectrum at 3 Mev that
can be calcu'ated by use of the low energy measurements {which fit a
power spectrum of the form E-Y with y between approximately 2. S anad

3.) and the measured int.asities in HP2,

We conclude that we have measured in HP2 a mixture of e_lectrons
and protons with electrons predominating. We believe that channels Pl,

PZ' a., ard a, are measuring protons with perhaps a small centamination

1 2
of electrons (due to straggling or gile-up).
The rai.e observed in HP1 is consistent with it being sensitive to

protoric of energy greater than about 5.3 Mev.

The counting rate shows a sharp rise at an altitude of ~1050 km,
B~ .29, L~ 1.48; reaches a maximum at apogee, 1280 km, B~ .16 and
L ~ 1.28; it decreases sharply a-ound 700 km, B8 ~ .20, L~ 1.34. The
interpretation is that the pod enterec the inner radiation belt at 1050 km,
passed through apogee inside the belt and then left at 700 km. These
"edges” when plotted on a B-L map correspond to the general outline of

the known natural belts.

Below Is a table showing the typical counting rates at apogee. The
maximum and minimum reier to the maxima and minima of the signal as it
is modulated due to tumbling and to changes in B, L with time; units are

counts per second.
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+
H
3
3
3
4
5

Channel Meax. Mia.
P, 700 35
P? 200 ~1
P o L
3 4 0
a. ~ 3 ~0
a ~ G ~
5 , 0
HP, 7390 ~ 4
;\!i:" —~ 5 ~ 0

All :>f these measurements were obtained from the count rate meters.
Two of the scalers appear 1o have operated throughout the flight, «.. and

BP_ . : HP remained constant throughout, and ) counted for the first

o’ 1p !
is

2
o
350 secon

and tnen remained constant ic: the rast of the flight, Thecse

appear tc pe the only two possible instrumentai failures in the 2ontire system.

Prelimsinary correlations of counting rate with the magnetometers
indicate that it may be possible to obtain anguiar distributions of elecwons
and protons. The tumbling occwred in such a mannrer that not all angles

were explored; thus it is Linpossible to get complete angular distributions,

but it may pe possible to get encugh to be of significant interest,

We consider this 1light to have been successful beyond expectation

botn fromn an engiaeering and scientific soint of view,

A complete study of the angular distributions was not dene in the
first analysis for we were mainly interested in whether or not the instrument
operated correctly under flight conditions — it did, except for the two apparent

scaler failures.
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APPENDIX C

1.0 BETA, BETA, GAMMA INSTRUMENTATION (CRM 11)

This instrumentation was decigned to detect y ~rays and pB-rays. As
shown 1 Figure 30, the instrument package contains two S-ray detectors
mounted with mutually perpendicular detection vectors and one y ~ray detector,
This geometric coafiguration wil} allow rough measurements of angular

distributions to be performed and correlated with magnetic aspect,

The B=rav detector consists of a plastic scintillator which is covered
by a thin aluminum shield and is viewed by a ruggedized photomultiplier,
The aluminum shield prevents visible light from impinging on the scintillator
and estab’ishes a minimur: energy for 8-rays which enter th: scintillator.
The chosen thickness of 6. & mglcm2 corresponds to the practical range of
electrons of 70 kev and for protons of 1.5 Mev, The thickness of the plastic
scintillator, approx.mately .31 g/ cmz. correspends to the practical range of
0.8 Mev electrons. The crystal was chesen so thin to minimize its sensi-
tivity to Yradiation., T*re detector is exposed to the environment throuch a
hole in the instrument package. The field of view of this sensor is
approximately 1 steradian (Figure 31). The detector is 150 times more sensi-
tive to eiectrons than to y -rays. The range of sensitivity of this detector is

3
from approximately 10 to 109 electrons/cm”sec, Figure 32 shows the B~sensor

unit, and Figure 33, the schematic diagram of the beta~gamma sensor,

The pulse rate and the total current from the detector are measured.
A two channel pulse height analyzer is used to furnish crude spectral informa-
tion for pulse rates from 10 to 105 pulses per second. The maximum puls:
rate is determined by the fixed dead time of the counter of 10p sec., The pulse
rates measure the number of pulses of energy greater than the threshold energy.
Figure 34shows the beta-gamma logic unit, and Figure 35,the schematic

diagram of this unit,
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GEOMETRY OF BETA RAY DETECTOR
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The current monitor measures the rate of energy deposition in the crystal.
It i3 capable of measuring currents equivalent to energy deposition rates from

approximately 104 Mev/sec to approximately 109 Mev/sec.

The y -ray detector consists of a CsI(Tl) crystal scintillator of approximately
4 g weight covered by a .3 g/cm Al shield and viewed by a ruggedized photomulti-
plier. This detector is embedded in a foaming compound which is used to support
the various components in the instrument package (Figure 36). The detector is,
therefore, shielded from the environment by composite materials roughly equiva=
lent {0 at least 2 g/cm2 Al. This scintillator is consequently relatively insensi-
uve to electrons of energy lower than 4-5 Mev; it is, however, sensitive to the
bremsstranlung produced by these electrons in the instrumentation case.
Therefore, the response of this detector can be used to distinguish between
incident photons and electrons. The detector is sensitive {0 y -rays of energy
greater than about 100 kev over 47 steradians. The range of sensitivity of this
detector is from approximately 10 to 109 Y -rays/cmzsec. This dynamic range is
obtained as in the case of the electron detectors by use of pulse and current
measurements. Figure 37 shows the complete experiment, and Figure 38 shows the
various beta and gamma sensor logic units inside the case. Figure 39 is the

block diagram of the circuit, and Figure 4C is a diagram of the wiring hamess.

b ] A ]

1.1 Calibration Procedure for Debris Decay Radiation Instrumentation

1.1.1 Calibration of Counting Rate Meters

A variable frequency, variable height pulser producing
pulses of 1 microsecond duration was used to establish the discriminator
settings of the upper level (UL) and lower level (L1) discriminators. These
settings were adjusted for ali instruments tc be 2.2 and 1.1 volts, Sub-
sequently using a 2.5 volt amplitude, 1 microsecond long pulse, a curve of

voltage output ol the count rate meter versus pulse rate was obtained.
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GEOMETRY OF GAMMA RAY DETECTOR
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The pulse rate was obtained by measuring the distance between pulses on
a calibrated oscilloscope time base. The method was identical for electron

&and y -ray sensor logics.
1. 1.2 Determination of Threshold Energies

A Cs137 source was used to determine the threshold
energies of the two counting rate channels of the electron sensor, A
pulse height spectrum of the pulses from the scintillator was obtained to
determine the voltage corresponding to the 660C kev internal conversion
electron, The gain of the photomultiplier was adjusted until 0.5 Mev
energy deposition corresponded to a pulse at the lower level discriminator
input of 1, 1 volts. The upper level discriminator setting therefore corres=-
ponded to approximately 1. 0 Mev deposited. The measurement was performed
with a known source at @ known distance from the detector, A standard
logic was used witn a standard detector., The count rate meter outputs of the

upper and lower level discriminators were recorded.

Subsequently, for all electron sensors, the same source and geometry
were used, and the photomultiplier gain was set by simply luplicating the

measured rates of the standard unit,

For the y -ray detector a similar technique, utilizing the 0. 51 Mev

22
and 1. 28 Mev y -rays from a Na = source, was employed,

1.1.3 Calibration of Logarithmic Current Meters

The y -iay detector rate of energy deposition channel
was calibrated by use of a Co60 source of 10 millicuries., A standard
detector was placed at various known distances with respect to the source,
and the various anode currents Ii were measured, With the same detector

at the same gain, the charge Qo deposited at the anode by a single
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0.5) Mev y ~ray from the Na22 source wag measured. The charge Q1
deposited at the anode by 1 Mev was then calculated. The rate of energy
deposition 'Ri in the standard detector at each position was derived by

the equation

1
Y
Ry = 7,

A

in Mev sec-

In this manner a tabulation of energy deposited in the standard y -ray
detector as a function of distance was obtained. All y-ray detectors were
then calibrated by measuring the current cutput at each of the points at
which the rate of energy deposition was previously determined. A graph
of voltage output versus Mev deposited per second for each y -ray detec-

tor was thus obtained.

The calibration of an electron detector rate of energy deposition
channel proceeded in the folilowing manner. The standard y -ray sensor
was used with the electron logic to be calibrated. The logarithmic current
meter signal output at each of the standard pnsitions with respect to the
Co60 source was then recorded. Since all electron and y ~ray s=nsors
had gains adjusted so that a ¢given energy deposited by ¢ single event
in the crystal yielded the same pulse height into the discriminator, it
can be shown that the rates of equivaleni energy deposition Rei in the
electron sensor crystal at the standard positions of the Co ~ source were

given by

el f {
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where fc is a correction, experimentally determined, due to the different
characteristic decay times of the CsI(T1) and the Pilot B scintillators and

to the properties of the electronic circuitry. This method was used because
it was not practical at the time to use a 10 millicurie electron source and
because of the relativ> low sensitivity of the electroa detector to y -rays.

A calibration curve of logarithmic current meter output versus energy

deposited Rei was thus obtained.

1.1.4 Calibration for Very large Fluxes

At fluxes in excess of 106 particles per second or
106 Mev deposited per second, both the counting rate meters and the rate
of energy deposition channel (logarithmic current meter) became saturated.
In such situations, the photomultiplier used all of the current that the
high voltage supply could furmnish. The high roltage therefore dropped as
the current tried to increase above the power supply's ratec maximum in a
manner depending on the regulating circultry of the high -roltage supply.
One could, therefore, by monitoring the high voltage, measure the rate of
energy deposition, thereby increasing the dynamic range of the instrument
by about 3 orders of magnitude up to 109 Mev deposited per second. This
calibration proceeded as follows. Since a 1 curie source was not available
(which would have been necessary to produce the desired fluxes), the
amounts of incident visible light equivalent to various high rates of energy
deposition in the crystal were established. The intensity of a visible
light source, covered with neutral density of 103 attenuation, was varied
until the reading of the logarithmic current meter at the highest energy
deposition not yet saturating was reproduced. By renioving filters of
known attenuation, intensities corresponding to known higher rates of
energy deposition could thus be obtained. This calibration was performed
on the standard unit. For all other units it wae assumed that the high
voltage supply and monitor would yield identical results. This assumption

was checked in a few samples and found to hold.
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1.1, Usge of Standard Units

All of the calibrations were accomplished by comparison
of the units to be calibrated with the standards. This constitutes, of course,
a relative calibration. Absolute calibrations were performed on the standard
units above, These units have been retained so that {f necessary the
absolute calibration procedure can be refined and utilized for these data for

all units.

The technique of measurement consists cf the use of scintillation
counters as detectnrs of the radiation field. A scintillstion crystai .esponds
to the incoming radiation . y producing light in quantities proportional to the
amount of energy lost by ionizing radiation in the crystal, This light is
detected by the photosensitive surface of a photomultiplier from which a
number ot electrons proportional to the incident light flux is produced. The
electrons are then accelerated from dynode to dynode of the multiplier struc-
ture with a total number gain at the collecting electrode {anode) of approxi=
mately one million. Single ionizing particles transversing the crystal will
produce a pulse of electrons at the anode whose duration is a fuiction of
the crystal properties. In CsI{Tl} this duration is approximately 10-6
seconds, Pilot B, approximately };0-8 seconds. Particle fluxes impinging
on the scintillator can be detected by counting the indivi.iual pulses as
long ¢s their rate is less than 106 in CsI(Tl) or 108 in Pilot B, If fluxes
larger than these occur, then an average current is produced at the anode

which ts a direct measure of the rate of energy deposition in the crystal.
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To utilize fully the information furmished by the detector, the rate
of individual pulses as well as the average rate of energy deposition in
the crystal was measured. The maximum rate at which single pulses could
be counted was dc¢‘srmined by the electronics and was of the order of 105
per second. At the rates which permitted pulse techniques to be used,
pulse height analysis in two channels of different thresholds was per-
formed to obtain rough information on the spectrum of the impinging
radiation. For incident fluxes greater than 105, measuremeni: were made
of the rate of energy d2position. These combined techniques permitted
measurements over a range from about 10 Mev deposited per second to

109 Mev deposited per second.

In order to carry out the proposed experiment to measure the flux of
electrons and vy -rays from radioactive debris decay, two crystals were
used — one of CsI(T1) and the second of Pilot B piastic. The reasonc for
this choice were as follows: since scintillator crystals respond tc ionizing
particles., rheir respcnse to vy -radiation occurs primarily by creatior in
the crystal of Compton electrons and detection of these electrons. In
order to have an etficient detector, one must therefore furnish encugh
macse< for the y -ray o interacr and a material of high atomic number 2
to provide a high Compton cross-section. On the othei hand, :f 3 low

Z. small mass crysic! is chosen, iis effiziency to y -radiation is small.

The chosen C<I(Tl) and Pilct B scintillaiors had masses of approxi-
mately 4. v and 0. 31 grams and the ratio of the effective atomic numbers
was of the order of 10. Therefore, the CsI{T]l) was approximately two
orders cf magnitude more efticient in detecting y -1ays than the Ptlot B
scintillator, Both orysials were approximately equally efficient for

detection of electicons. By shielding the Csl{Tl) crystal with about




2.0 g/cm2 of aluminum and commposite materials, the se‘nsit’;vity of the
CsI{T1) detactor to electrons was reduced by orders of magnitude fcr
electrons with energy less than about 4 Mev. The shieiding in front of
the Piiot B scintillator was made as thin as possible and was of 0. 165
g/crn2 of beryllium., This corresponded to an electron energy threshold
of 0.5 Mev. In Figure 41 the calculated fraction of incident energy
deposited in the scintillator as a function of the energy of the incident
radiation is shown for the electron detector for y -rays and electrons.
The calculation was carried out taking into account the transmission of
the beryilium fiiter and the stopping power of a thickness of carbon
equivalent to the thickness of the Pilot B scintillator. In Figure 42 a
similar plot is shown for the y -ray detectcr. An absorber thickness of

2 <_:;/cm2 of aluminum was assumed and the stopping power of the CsI(Tl)

crystal of about 4,5 g,/cm2 wacs teken into account. Figure 43 shows, for

a given incident gamma ray fiu:* the ratio of the energv deposited in the

gamma ray detector to the energy deposited in the electron detector as a

function of the gamma photon energy

90

e

TRk R e

VAR W TR e R R TITRIR

st 2 R AL




PERCENTAGE OF FLUX ABSORBED

PERCENTAGE OF IMPINGING FLUX
ABSORBED IN ELECTRON DETECTOR
VS.

ENERGY OF INCIDENT RADIATION

lO3 T —TT1 T T ™1 T T T 711
- -

i ELECTRONS _

- -

(@)

- -

i / -

0! |- -
.
CRYSTAL -3igr/cm? € :

FILTER  -163 gr/cm? Be

pon
500 | ) U . i bl L LL

-{

-

e

—1

0.} Ko
INCIDENT ENERGY (Mev)

{0

Figure 41

91




PERCENTAGE OF IMPINGING FLUX

ABSORBED IN GAMMSA RAY DETECTOR
\
ENERGY OF INCIDENT RADIATION

2
10 T T T TT T T T

¥

o
r 1T

I

CRYSTAL~4.5 gr/cm? CsI
FILTER ~ 2.0 gr/cm? Al

¥
1

PERCENTAGE OF FLUX ABSORBED

10° I\ Lol i1l i 1
0.1 e 10

INCIDENT ENERGY (Mev)

Figute 42




RATIO OF ENERGY DEPOSITED BY GAMMA RAYS
IN GAMMA RAY TO %.ecmon DETECTOR
ENERGY OF INCIDENT RADIATION

iOOOb T T— T~ 17 T TT1TT T T T T 1T TT1]
- —
= =t
e o
- L
a©°F -
[+ 4 - .=
—
N /o N
B / 7
- / ~
o=—"
10 1 Lt 11l 1 1l bttt
0.l 1.0 10

INCIDENT PHOTON ENERGY (Mev)

Figure 43




APPENDIX D

DIGITAL COMPUTER PROCESSING

1.0 INTRODUCTION

The telemetered data from the satellite was digitized and initially
processed by Jockheed. This prccessing produced digital magnetic tapes,
in a format compatible for reading by the FORTRAN II input-output system
on the IBM 7090. These tapes contained voltage readings telemetered
from the satellite, with universal times of original instrument reading and
mergeu ephemeris information, Durinig the course of the sateilite’'s life-
time, Lockheed changed the format of these tapes. The two formats are
referred to in this document as "Format 1" and "Format 2". Format 2
gives information arranged very differently from Format 1. Therefore,

diff2rent computer programs had to be rewritten for the two formats.

To aid in the reduction of the data, the following computer programs
were written. These programs all run on the IBM 7090, under control of
the FORTRAN Monitor System,

Tape Inventory Frogram, Format i
Tape Listing Program, Format 1
Count vs. B and L Program, Format 1
Time Correction Program, Format 1

Alpha vs. N (Pitch Angle vs. Count) Program, Pormat 1

(= 2 B & 4 R . 7 N o B

Alpha vs. N (Pitch Angle vs. Count) Prcgram, Format 2
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The first program was designed to aid in bookkeeping during the process-

e TR,

ing of the data, It produced a summary of the information on the Lockheed |
tapes. The second program produced a detailed listing of selected informa-
tion from the lockheed tapes. The third program mapped count rate informa-
tion in geomagnetic B-L space. The fourth program applied a time correction,
which had been computed manually. to the information on the Leckheed tape.,

The last two programs tabulated voltage readings with their associated count

rate values and pitch angles.

Since most of the information received was in Fonnat 1, most - f the

programs ‘vere not rewritten for Format 2.
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2.0 IQCKHEED TAPE FORMATS

The following information applies to both formats:

Real time channels are 8, 11, 12.

Tape recorded channels are 18 and 98 (F)

Telemetry Link 1 is used for launch only.

Telemetry Link 2 contains all experiment aata except SAPUT
Telemetry Link 3 is SAPUT only.

The station code is:

01 VAFB 23 Ascention Isiand
07 Kodiak, Alaska 30 New Boston, N. H.
09 Hawatli

w o (98] [ 3] Ll
. . - . .

(o4}

2.1 Format 1

1. The records arid {iles on the tape are arranged in the
usual FORTRAN 2 manner, 256 words per record, and

as many records as necessary in a file.

2. Each file contains any num*er of records. The first
record contained 2 control words followed by 3 data
words (the rest of the 256 words are not used in the
record). The first word 18 a FORTRAN 2 econtrol word.
The second word tells how many data words are follow-
ing in the record. The next three give t..e vehicle
number, channel numper. telemetry line number, cou: -
mutater position, orbit number, station number, ani

computer run number. For example, this indicitive
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might be: 140108020020010091. 1401 vehicle number;

08 channel number; 02 telemetry link number; 002 commutator

position; 001 orbit number; 09 station number; and 1

computer run number.

The second and succeeding records in the file wiil con-
tain the following: The first word in the record is a FOR-
TRAN Z control word, and the second word tells how many
words of data follow in the record. Then follow 36 (or
fewer) sets of words arranged as TIME, GC LATITUDE.
LONGITUDE, ALTITUDE (KM), B, L. These are arranged in

groups of seven. Each group gives: time, voltage, read-

out, geocentric latitude in degrees, terrestrial east longitude

in degrees, altitude in kilometers, and geomagynetic coor-

dinaies B (gauss), an L (earth radii).

Each file contains all the data from one commutator roint
acquired from one pass. In general the first two words in
each record are a FORTRAN control werd and the number of
data words following ia the record. Time is the common
base in relating one file to other files and {s given tc two
decimel places, in seconds of Universal Time since

1 October 1262.

Format 2

The tape contains any number of files. Each file contains:

1.
2.
3.

Flight indicative in the first record.
Data indicative in the second record.
Actual data values from the third up to the last record

prior to an end of file.
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There 18 an end of file after each file of data and three {3) end of files
after the last file of data on the tape. The following read statement may

be used to read all records:

READ TAPE IT, IRM, MG, NSET, [ (DATA(I, J), 1 =1, MG), J =1, NSET]

where
IT = Input Tape Unit Number
IRM = which type of record this is:
If IRM = 0, the record contains three (3) words Flight Indicatives.
If IKM = 1, the record contains Data Indicatives. This shows
the arrangement of the data {n all the following
data records.

If IRM = 9, the record contains the actual data values.

MG = Maximum nur per of the first subscript 1 in Data (I, J) of
the read statement. This value is always equal to the number

of merged quantities in the record.

NSET

H

Maximum number of the second subscript | in Data (I, I).
Normal data records except the last partial record have

NSET = 60. Therefore, the dimension requires Data (60, €0).
MG and NSET are used by the Read Tape statement to read cne
complete record from the input tape.

DATA (I.]) = Locations, where the actual !ndicative information or daia

values are stored.
The format can best be described by an example:

Suppose a file of data to be read in, from the input tapa, contains the
foliowing data:




A,

B.

1.

2.

¥light 1401
Channel 8
Link 2
Orbit 30
Station 30
Run Number 1

Pin #3, #4, #11, #38, and #41 data from Channel 8,
Link 2 commutator are writien togeth.er with ephemeris
data on each data record.

After reading each record, test IRM value.

If IRM = 0, the Flight Indicative gives BCD information

as follows:
Flight Ch Link Pin Orbit  Sta. Run
1401 08 \0200001 \030 30 1
— v w
Data (1, 1) Data(2, 1) Data (3, 1)

This record contains all the information in Item A above.
MG = 3, NSET =1 in this case.
If IRM = 1, Data Indicative gives BCD information as foilows:

DATA (1, 1) = TIME**
DATA (2, 1) = VA
DATA (3, 1} = grnnas
DATA (4, 1) = DR Ak
DATA (5. 1) = Jounne

DATA (6. 1) = qluene
DATA (7, 1) = GC*LAT
DATA (8, 1) u LONG,
DATA (9.1) ALT, **

HEvIY




One
Record J
of

Data

DATA (10, 1) =
DATA (11, 1) =

*eRa e

LAS R LA

This record should give all the information cor. the order of

all merged data in Item B. MG = 1], NSET = ],

3. If IRM = 9, this record contains the actual data which locks

like:
convenience)
DATA (1. 1) = 13208, 05
DATA (2, 1) = 1.46
DATA (3, 1) = 4.35
Data (4, 1) = 18. 40
DATA (11, 1) = 9,34
DATA (1, 2) = 13210. 05
DATA (2, 2) = 2.08
DATA (11, 2) T 15.03
DATA {1, NSET) - 14043, 00
(2 NSET) - 1. 68
(11 ,NSET) - 11. 05

Data Indjicatives

Tims in seconds.
"n #2 Cata vaiue.
Pin #4 deta vilue.
Pin #i1 data value.

Ephemeris L value

Time.
Pir. #2

L value

Time
Pin 92

L value of the last
set {in the record.

(all datz between the dotted lines are omitted for

Pirs:
nerged
Data Set

Second
Merged
Data Set

MG = 11 -- (one tine word) + (5 data pta words) = (S ephemerts words)

NSET = 60 -- (last reacord may bs partisl)




3.0 LOCKHEED TAPE INVENTORY PROGRAM (FORMAT 1)

" This program produces a printed summary of the wontents of the Lockheed

tapes. For each file, the program prints:

1. Summary cof the indicative record. This gives the 3 daia words in
the record in their original packed BCD form, and also in an
unpacked form with labels to show the meanings of’ each quantity
given. If the indicative record containz more than three data
words, the program crint, an erro. comment and gives the first

few words converted to floating noini decimal.

2, Total number of worde and records (not counting the indicative

in the file.

1f any record afi2r the first in the file contains 3 or fewer data words,
the program essuma2s that this is intended to De the start of a new file, prints

an error comment, and treats this record as an indicative recorg.

The prcgram can prccess up to 3 Lockheed tapes simultaneocusly. It
cannot handle two-reel -es, but will handie the second reel as a separate
lockheed *ape. This simply means "hat the first file on the tape, which wi’t
probably ke a continucatior ¢f ¢ file on the previous tape, will be treated as

an independent file.

The program uses no sense switches. [t reads one input card, which
has data fie!ds in columns 1-6, /-12, and 13-18. In each of these fields
the user may punch, right adjusted, the logical tape number where a Lockheed
tape wiil be mounted. The first blank or zero fieid on the card will siynal

the end of the list of tape numbers. Columns 19-24 must be blank.




4.0 LOCKHEED TAPE LISTING PROGRAM (FORMAT 1)

This program is designed to produce a summary of the contents of the
Lockheed tape that is more detailed than that produced by the tape inventory
program. Llke the tape inventory program, it uses no sense swit_hes, and
reads as inpit a single card, which is identical to the card read by the

tape inventory program. For each file, it produces the following cutput:

1. A summary of the indicative record, This summary {s identical

to that produced by the tape inventory program,

2. Every 30 records in the file. It prints out the time, ephemeris,
and voltage i{nformation for the first 5 voltage readouts in the
record. These groups of & voltage readouts are separated by
a blank line.

Like the tape inventory program this program can detect the occurrence

of indicative records in the middle of data files.




5.0 COUNTYS B + L PROGRAM (FORMAT 1)

5.1 Purpose

The program processes data from the lockheed satellite tages

(Format 1) to produce the following printouts:

1. A group of tables showing the calibrated voltage readouts (count
numbers) as received from the satellite as a function of the
geomagnetic coordinates of (B and L) the sateliite. Each of
these tables represents one voitage point or commutator position,
and one range in B and L. This information is specified in
innut cards. So is the calibration tables used to convert voltage
to count number. Any number of these tables may be produced
per computer run, but only nine will be produced during cne pass

through the Lockheed tape.

2. For each of the tables above, an accompanying table in the
same format showing the number of points averaged to procuce
each guantity in the above tables.

(1) and (2) above are referred to as "Table 2%,

3. A straight tabulation of information on the Lockheed tape. This
lists time, geocentric coordinatas, geomagnetic coordinates, and
raw voltage readouts for requested commutator positionas during a
requested time ‘nterval. This is referred to as "Table 1". It is

generally not requested.

4, A listing, for a requested item in Table 2, of the count numbers

and associated times used tc produce this average,
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5. Other information that is useful in inte.preting the run. This

includes:

a) Tape inventory, a summary of the files on the tape.

b) | Manitor performance, summarizing the occurrence of
noise as indicated from monitor voltages.

c) Summary of handling of voltage readouts during Table 2
processing. This tells how many voltage readouts had
B + L values that were outside the range of the B-L

table, and how many were rejected due to monitor failure.

6. When there are errors in the Lockheed tape or in the input cards,

comments {0 enable diagnosis of the errors.

While producing Table 2, the program rejects all points during times
of noise, as indicated from monitor veltages which should remain steady.

Monitor volitage points and nominal voltages are indicated in the input cards.

The Lockheed tape may be in one cr two reels.

5.2 Functional Description

The program is essentiirlly a straightforward data processing
program, and the functions that it perfornis are described in Section 4.0
in the text of this report. However, the user shoula be aware of a few addi-

tional points:

1. Conversion from voltage readout to count rate is performed by

linear interpolation using the calibration curves supplied as input.

o

. Voltage readouts are considered by the program to be "noisze-free"
1f no monitor voltage fatlure has been dstected within T seconds
of the time of the voltage readout. The value of T i3 read as

input,
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5.3

Each B-L box in Table 2 represents the average of count rctes that
fell within this B-! interval. To compute each individual count
rate value, the average of 5 succeasive voltage readouts is

used. When, due to occurrence of noise, less than 5 consecutive

readouts are available, then these readouts are not used.

Operating Instructions

Scnse Switches:

ON - If 2 binary tapes are in use;
OFF - If 1 tinary tape is in use.

Tapes:

Tape A-6 is the binary tape nrepared by Lockheed which {.:cludes

satellite ephemeris in both geographic and geomagnetic coordinates, plus
voltage readouts. If this tape is in two reels. the second reel must be

mounted on unit B-6, and sense switch 2 must be on.

Inpyt Cards:

Tape A-2 is prepared from a card deck, which may be stacked with

other FMS jobs. The makeup of this deck is as follows:

FMS ID card*

XEQ card*

PROGRAM BINARY DECK
FMS DATA CARD *

Deck of controi cards read hy the program

The control card deck tells the program what data to process from the

* These are standard P!G”S control cards.
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Lockheed tape, and how to process it. It contains the following sets of
cards, in the following order:
1. Channel specification cards
2. Table 2 specification cards (There may be any riumber of sets
of these after a set cf chanrel specification cards.

3. Recycle card

The sequence abuve is referred to as a Channel Deck, and may be

repeated any number of times.
Set (1), Channel specification cards, contains the following cards:

1 Page Heading caid
1 Channe!l Request card

1 Tacle 1 Request card

S WD N

Up to 10 Monitor Specification cards. [ The last Monitor
Specification card is differentiated by the presence of data

in the 4th fie'd, which must be blarnk in the previous Monitor

Specification cards. (See Card Formats, below). ]
Set (2), Table 2 specification cards, contains the following cards:

1. 1 Tehle 2 Request card. (This gives the commutator position
number and limits for the B-L table).

2. A block of cards which specify the Calibration Curve
This block of cards contains:

a) Calibration Curve Size card
b) Enough Calihration Curve Table cards to represent all

the voltages (ordinates of the curve)




c) Enough Calibration Curve Table cards to represent ail

the particle counts (abscissas of the curve).

This block of cards may be omitted altogether if the following conditions
are met:
a) This same calibration curve was given previously for this
commutator position.
b) No .acycle card has appeared since giving the calibration

curve.

3. 1 B-L Box Detail Reguesi card (This specifies number of B-L
box lists to be printed out.)

4, N B-L Box List Request cards, where N = the number of lists
specified in the B-L Box Detail Request card. These cards must
be om!ited if the B-L Box Detail Request card is blank.

Card Formats:

The abtove formats of the abcve cards are given below:
fage Heading Card

Columns 1 - 72: Anything punched here will appear as
the first line of each page of cutput.
It is suggesied that identifying informa-
tion from the tape label be punched here.

Channel Request card

Columns 1 - 2: Channel numbers of data desired from the
binary tape. This number must be right
adjusted and filled {n with a leadinn
zero if appropriate,

3-12: Must he blank.
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13 - 22:
23 ~ 32:
33 - 40:
41 - 44:

Table 1 Request Card
-

Columns 1 - 6

7 -
13 -
19 -
2s -

12
18
24
30
36
42
48
54
60

Start time for printed voltage tabula-
tion (Table 1).

Stop time for printed voltage tabula-
tion (Table 1). These times must

be in the same units as used on the
binary tape, and must be punched with
a decimal point, anywhere in the field.

Must be blank,

Punch any integer here to cause print-
ing of raessages whenaver a voltage
point, specified in any of the Table 2
requests below, has B-L coordinates
outside the specified R-L table. Leave
blank to suppress such printing.

Each of these fields may be punched with
a right adjusted integer, which specifies
a commutator position whose vulitage
readings are to be tabulated in Table 1.
As many of these fields as desired may
be used, but the first blank or zero field
(scanning from left to right) will signal

the end of the Table 1 requesis.




Monitor Specification Card

Columns 1 - 6:

7-12:
13 - 20;
21 - 28:;
29 - 36:

Table 2 Request Card

Columns 1 -~ :

5-10:

11 - 16:

Ignored.

Commutator position number for this
monitor, (Right adjusted integer)
Nominal voltage reading for this

monitor. (Punch with decimal point)
Allowable deviation from the nominal
voltage reading. (Punch with decimal
point).

This fielc must be blank for all but the
las. Mon.tor Specification card in a
series. In the last Monitor Specifica-
tion card in the series, this must be
punched with a non-zero time interval
(punch with decimal point) T, such

that any data reading within T time units
of a monitor failure will be discarded.
This will be punched as a negative number
if it {s desired to print messages about
each monitor failure. It will be punched
as a positive number to suppress such

printing.

Commutator position number for this
tatie. (Right adjusted integer)
Tower table limit in B. (Punch with
decimal point)

Upper table limit in B, (Punch with

decimal point)




17 - 22:
23 - 28:
29 - 48:

Lower table limit in L. (Punch with
decimal point)
Upper table limit in L. (Punch with
decimal point)
Name of point

Calibration Curve Size Card

Columns 1 - 12:

Calibration Curve Table
Columns 1 - 12:

13 - 24:
25 - 36:
37 - 48:
49 - 60:

1

N, the number of points given in the
calibration Table cards that follow.

This must be punched as a right-
adjusted integer.

Card

Each of these fields may contain a coor-
dinate of one of the points on the calibra-
tion curve. Numbers should be punched
with a decima!l point. A decimal exponent
may be punched, in the form E + xx, and
it must be right-adjusted, in the field.
There are two sets of these cards for each
curve. The first gives the ordinates, or
voltages, in numerical order, and the
second set givec the corresponding
abscissas cr particle counts. Each set
will ctart a new card. Numbers must be
punched in successive fields from left

to richt ecross the card, and contipued
onto successive cards unti! ail N points

are rapresented.




B - L Box Detail Request Card
Column 1: Minus sign. (11 punch) (May be
blank if rest of card is blank)
‘=12 The number of B~L Box List Request
cards that follow. (Right-adjusted

integer).

B - L Box List Request card
Columns 1 - 12: Column number of B-L box to be listed
in detail. (Punch as right-adjusted integer).
13 - 24: Row number of B~L box to be listed in
detail. (Punch as right-adjusted integer).

Recycle card
There are two possible formats for this cara:
Format 1:
Column 4; 1
Rest of Card: Must be blank

The Format 1 Recycle card must be immediately followed by another
Channel Deck, unless it is the last card in the input deck.
Format 2:
Column 4; 2 3
Rest of Card: Must be blank

~ This card is used to instruct the operator to mount & new tape dn unit A~6
(and B-6 if in use), It must always be followed by another card, which may

contain in columns 1 - 72 any {nstructions to the operator.

Upon recognizing a Format 2 Recycle card, the program will read tha
noxt capd, prirt its contents on the on-~ijne printer. and haif. Pressing

start will zause the machine tc read another Channel Deck.
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Restrictions on Program

Due to the limited table sizes, certain restrictions exisi and are given
below:

Restrictions on Moniters

No more than 10 monitors may be specified in any cne set of

Channel Specification caids.
No commutator position higher than 60 may be specified.

Restrictions on Table 1

No more than 12 voltage points may be listed in Tabie !.
No cemmutator position higher than 60 may be specified.

Restrictions or: Calibration Curves

No calibration curve may contain more than 50 points.
For any one Channel Deck there may be no more than 20 different
Calibration Curves input. The total combined size of all Calibration Curves

may not exceed 250 pcints.

Restrictions on Table 2 Requests

No commutator point higher than £0 may be specified.

Restrictions on B- L Box Detai! Requests

For any one Channel Deck there may be no more than 20 B - L

Box Lis! Request cards.
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6.0 JOCKHEED TAPE TIME CORRECTION PROGRAM (FORMAT 1)

This program .s desigred to apply a universal time correction to selected
data from the Lockheed tapes. It doas not compute the time correction., That

must be done manually, nd given to this program as input.
6.1 Operating In¢ ructions

1. Data Deck
a) Time correction card, columns 1 - 6, + XO0OXX, where XXXX

i3 an integral number of seconds.

+ means that the voltage should occur XXXX seconds later down
the tape.
- means that the time and ephemeris correspond to a voltage

occurring XXX seconds later down the tape.

b) Channel selection card, columns 1 - 6, XX, channel no.
c) Commutator pos‘tt,ioﬁ selection card, columns 1 - 40. (In
any column N, a "1" indicates that commutator position N

is desired tc be saved.

2. Sense Switches

%2 OFF, {f input tape is | reel.
ON, if input tape {8 Z ¢r 3 reels.
#3 OFF, if tnput tape is 1 or 2 reels.
ON, if tnput tape is 3 reels,

3. Tapes Requjred

FMS Systems Tapes, plus A-7 for Reel ! i input; A-5 for
binary output (SAVE); B-6 for Reel 2 of input; B-7 fcr Reel 3 of m;}m.
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7.0 ALPHA VS N (PITCH ANGLE VS COUNT RATE) PROGRAM, FORMAT ]

7.1 Program Description

This program tabulates particle counting rate with corresponding
pitch angle. Input cards specify what areas of time and what experiment
voltage points are to be tabulated. A fifth order divided difference table
technique is used to interpolate in calibration curve tables, to convert from

voltage readout to count rate. The calibration curve tables are read as input.

Voltage readouts are considered by the program to be "noise-free® if
no moritor voltage failure has been detected within 10 seconds of the time of

the voltaqe readout.

Since the satellite tumbles with a period that {8 much less than the
commutator revolution rate, successive readouts of the same magnetometer
voltage output should show a slow‘ variation. Therefore, the program smooths
the magnetcmeter data, to reduce the effect of undetected noise in the magneto-
meter readouts. - Taking each magnetometer axis independently, it fits each
group of 7 consecutive readouts to a second order polynomial, using a least

squaras technique.

These magnetometer readouts are then used to compute 3 unit vector

describing the direction of the magnetic field. Cosine pitch angle is then

- computed as the dot product of this vector with another unit vector, read as

~ input, deacribing the orientation of the instrument {r. the magnetometer

coordinate system,
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Data is printed in the following format: TIME, GLAT, GLON, ALT,
B, L, BM, ALPHA, COSINE ALPHA, VOLT, COUNTING PATE. The time is in

gaconds and free-running from 1 Octobhar

GLAT Geodetic latitude accurate to 1 place.
GLON Geodctic longitude accurate to 1 place. %
ALT Geodetic altitude in kilometers accurate to 1 place. |
B Theoreticel B field in Gauss accurate to 3 places,
L Geomagnetic L coordinates, measured in earth radii
at the equator, accura:ie to 3 places. ;
M Measured B field (in Gauss) accurate to 3 places, g
ALPHA Pitch angle. .
COSINE ALPHA Cosine pitch angle. ;
VOLT Voltage reading of the specified commutator point, '
accurate to 3 places. | 7 ,
COUNTING Particle count :ate of the specified commutator point.
RATE o
7.2 Qperating Instructions o i
Sense Switch 2 -
ON if 2 reel binary tape on units A-6 and B-6;
OFF if 1 reel binary tape on unit A~6 | | ;
Input: Tape A-5 is the binary tape in Lockheed Tape 1
Format 1: If 1t s a two-reel tape, the s_ecénd feel 1s mouniad on 8-6;
Tape A-? 18 prepared from card deck ars'fpllows:
FMS ID Card
XEQ Card ""
Binary Deck ;
FMS Data Caru K
DATA DECK |
!
%
116

?




A Lo B

The makeup of the data deck is as follows:

1. Identification

s
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Monitor data

Experiment number, order of accuracy, and speciiication
Channel request

Time intervals

Direction cosines for all four instrumerts

Magnetometer conversion coefficients

Calibration curves

Commutator positions ¢f magnetometer data

A data deck may consist of any number of sets of data; each set contains the

nine types of cards specified above, as long as the end specification on the

last, and only the last set, is not zero.

Formats:
1. Identification —
Columns Description
l1- b6 Flight number
7-12 Orbit number
13 - 18 Station identification
19 - 24 Computer run number

2. Expertment card —

Columns Description
1- 6 Experiment number (any number frem 1 - 4)
integer, right-adjusted,
T - 12 Order of polynomial interpolation desired,
integer, right-adjus’ed.
13 -198 End spectification, integer. rijnt-adjusted —

1 it this 1s the last data set; 0 othervise.
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3. Channel request -
Columng Deacrption

1- 2 Channsl number of twe digit integer

4. Time intervais —

Columns Description
1-~12 Minimum time.

12 - 24 Maximum time.

In the format XX...X.X. there may be as many as 10 time
intervals requested in 2 data set. The last request muat be
followed by a blank card.

S. Direction cosiaes —

Columns Desc on

1 ~-10 X
11 - 20 Y direction cosines
21 - 30 z

In the format + XX...X,. XXX there are four such cards, one
for each instrumernt. The order of the cards must correspond

to the order assigried to the instruments as experiment numbers.

6. Calibration for megnetometer data —

Columns  Lescription

1-10 X
11 - 20 Yy Factor, in the format XXX, .. X.XXX
21 - 30 z

Here are twc cards; the {irut gives the numbers which are
subtracted from the magnetometer voltage and the second

gives the division factor.
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7. Calibration curves —
A. Size Card

ﬂ-lum-a :‘.’--._..i-;:-..
1-12 Number of point3 in the calibration curve
13~18 Number of the commutator position for

which the calibration -arve follows.

19 - 24 Expetiment number for this commutator
position.
B. Curves -
Columns Description
1-12 Each fie!d may contatin a coordinate of a

point on the calibration curve.

13 - 24 Numbers should be punched in the foim
XX, XXE+XX and right-adjusted in the field.
There are two sets of these cards for each
curve. The first gives the ordinates, or
voltages. in numerical order. and the
second gives the corresponding abscissas
or particle counts. Each set starts a new
card. Nur'® ~rs must be punched in suc cessive
tields from ler’ to right. A biank card must

foliow the last curve te be read in.

Monitor data —

[

There are two cards for each monitor, The first card contains the
commutator position of the monitcr as a righs<-adjusted integer

in columns 1-4.




The second card cont:ins:

Columns Description

1- 4 Anything except 0

5-16 Nominal value of the monitor voltage.
17 - 28 Allowed deviation of the voltage. The

first field is an integer, the last two are
in the format X...X.XXX. The last monitor

request must be followed by a blank card.

9. Magnetometer commutator positions -~

Columns Description

1- 6 b

7-12 Y commutator position
13 - 18 z

Kestrictions

Only one channel mav be requested in any data set. A maximum of ten
time intervals may be requested. Calibration curves may contain a maximum
of 25 points each.

A maximum of 7 monijtors may be used. Up to 10 non-monitors, non-
magnetometer commutator positions may be requested per data set.

If a total of more than 2, 000 seconds cf time is included in the time
intervals. the program will have to make two extra passes of the tape.

The first pass compiles monitor and magnetometer data, Th2 second pass
correiates this with requested commutator positions.

If the time intervals of twc succeeding data sets are exactly the same,
the monitor, magnetometer pass will be by-passed. Care srould be taken so
that this does nnt occur if the first cf these data sets required more than 2, 309
saconds, becuuse the firat 1, 000 secci.ds of magnetometer data will be lost

for the second set.




8.0 ALPHA VS (PITCH ANGLE VS COUNT RATE) PROGRAM, FORMAT 2

8.1 Program Description

This program tabulates voltage readouts from commutator position
S on channels 11 and 98 with cosine of pitch angle. The output gives
ephemeris quantities, including B and L from the ephemeris; value of
B computed from the magnetometer readouts, cosine pitch angle, and voltage

readouts.

The program tabulates the following commutator pesitions which
repr2sent experimental data: 2, 3, 4, 6, 7, ¢ 20, 21, 23, 24, 25, 27,
28, 29 from channels 11 and 98, but duss not give pitch angles for these
positions. Magnetometer coefficienis and direction cosine of instrument are

read as input.

8.2 Operating Instructions

The program reads three input cards. Each of these cards has
three numeric fields, as follows: 2clumns 1 - 10, 11 - 20, and 21 - 30,
Data must be punched with explicit decimal pcint in each of these three
fields.

The first card gives the bias voltage values for the x, y, and z axis

magnetometers, in that order.

The second card gives slope values for three magnetometers. Together,

these cards allow B component to be computed as a functicn of magnetometer




voltage, as follows:
B = (v- vo)/a

where Ve is bias and a 1s slope.

The thind card gives x, y, and z axis direction cosines for the direc-

tion of the instrument pointing in the macretometer coordinate system.
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APPENDIX E

A reprint of a paper entitled,

"Measurements on Trapped Particles Injected by NMuclear Detonations"

L. Katz, D. Smart, F. R. Paoclini, K. Giacconi and R, J. Talbot, Jr.,

Space Research IV, Proceedings of the Fourth Interriational Space

Science Symposium, Warsaw, June 3-12, 1963, North-Hoiland

Publishing Company, Amsterdam.
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MEASUREMENTS ON TRAPPED PARTICLES INJECTED BY
NUCLEAR DEVONATIONS

L. KATZ and D. SMART
Air Force Cumbridge Research Laboratories, Bedford, Mass., US4
and

F. R. PAOLINL, R. GIACCONI and R J. TALBOT, Jr.
Amer.can Science and Engineering, Inc., Cambridge, Mass., {/SA*

Abstract: A polar-orbiting Air Force satellite carried aloft & payload. shared by many

experimenters, of radiation detection instriunents for studying artificially produced
trapped-radiation belta. Pertinent information on the satellit-'s orbit and capa-
bilsities is given. Data from four scintillation detectors are presented. The detectors
have capabilities for diseriminating among types of partichs, and for measuring
teth energy and angular distributiona of trapped particles. Data showing spatial
distributions of trapped radiation, both as omni-directional flux versus L-shell
plota and as iso-intensity contour plots, are presentesl. The major portion of data
presented emphasizes electron pitch angle distributions and derived parameters.
B..th apetial and temporal variations of the psteh angle distributions (measured
with a 8° angular resclution) are given. Some tentative conclusions are drawn.

Peawue: [la covrunke BBC, sanyimenuod na noasapHyo opiuty, 0818 YCTAHORB-

JeH AIIPATY P, CMOHTHPOBAINYS HOCKOJILEHMH HCCa#10BaTe1sMu. Ona
HPPACTARDICT COR0I0 TOTERTOPM KO, 50 KA, NPeIriIHaAYeHE e 1158 HIYYeHHn
HOEYCCTHRHHO €05, 0 TN Do AHMIHOHUE X Dodcos. TIpHBOAATCR napamerpn
opORTUW CIIYTHREKR, & TAKKE CT0 TeXHHU+CKHe Xapakrephceruwd. [IpugoaaTes
JAHHIE 0 YeTWpeM CIHHHTHLTAMONBRM QeTeRTopas. JleTekTopit cnocofinm
PA3IMUATH XGPIKTED WACTHIN M HIMOPATL KaK JHePrHK), TAK H YTIJI0Boe pac-
APeIEIEHNe JaXRAYeHHKNX wacTHil [TpMie 1P JaHHBIe, NOKA3HBAIOUIHe NPO-
CTPANCTRERHKNE PACAPeIeICHIA JaXRAYAHHO] pagHalHil: Kak TpadHe NoToKa,
RCEHANPARICHPOTO 10 OTHOWeHUK K 060108Ke L, TAK # kOuvypu ofinacredt,
OVPANHYCHUBIX THEMAMM pabioll #uTencnsiocT®. (JCHOBHAR YacCThL fpHue-
ACHIEX TAH WX JUeT Paenpeleiedite LIeKTPpoHoR (10 IHTY - YTV 0 SpYyTHe
HapaMe T, JloTed KAK DepeTpaiieTHERHLS, TAK H BPeMeHHWES BApPHATIHM
pacipear el 1e OHTY - YETY (WIMPPOHHBE ¢ YITOBWMM PRIPeIICHHPM 6°).
e a0 HeKCTOPMe TP IRAPHTE RIS BIROIN,

1. Introduction

In the fall of 1962, an Air Foree satellite. given the international desig

tatwon, 1962 5 was Jaunched nito orbnt. The satellite carnied instramentation
to ~tudy wrtificiad radistion bt created by the ainjection of electrens from

Thin work was peerformed anaet Contraet AF 19 1828 2799 with the e Forve

Cambeslge Rewsarch Laboratores, 1osdtont, Massachiest te

46
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IV. 12} MEASUREMENTS ON TRAPPED PARTICLES 647

nuclear detonations into the magnetosphere. Under the scientific direction
of Air Force Cambridge Research Laboratories, = number of instruments
were chosen for inclusion in the payiesd. In addition to Air Force Cambridge
Research Laboratories, the folic. 1 - . <anizations participated in the
experiment: American Science and Engineering, Inc., Lawrence Radiation
Laboratory, Johns Hopkins University, the University of Utah, Air F.rca
Special Weapons Center. and Lockheed Missiles and Space Cenipany

The pertinent parameters for the satellite orbit at early times were . ¢
following: apcgee, 3000 n.m.; perigee, 115 n.m.: orbit inclination, 71°;
orbital pericd, 147 min; apsida. rate, 0.8° per day. Fig. 1 illustrates these

.
ﬂ.':\ /- mgt, HS N.M., AT

20° NGRTH LAT.

AN
\\\

!
& o o s oar precession
) APOSEE, 3000 ..

Fig. 1. satelhite orbit.

crhital parameters. The sateilite vitch period was 127 sec, and the roll period
wans 53 sec. The aatellite parameters were well suited to study the phenomena
o Interesi. For example. the high eccentrivicy of the orbit enabled the
acquisition of data at large L valves near the equatorial plane. Slow tumtling
rates, along with the rhosen data sampling rate of about one per second,
permitted the use of insicuments which could measure accurately the angular
distributions of trapped particles,

I"g. 2 chows the projection of an early orbit on a dipole tieid. The
coordinates are the ususl “nat <" B L coordinates of Mclwain 2],
The squares and circles show regions of data acgaisition in the 1.2 and 1Y
L shelis, shelis of iterest with respect to artificial pudintion belts,

The instruments comprixing the total pavioad were selected to vieid
redundant neasurements an the energy range correspending to fisson
electrons. and to include narrow acerptance angle detectors as well as omni
directional :detectors. Instruments obtained their power from a large capacity
battery pack tc avord degradition of the experiment due to posible solar
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Fig. 2. Locas of an orbit in B-L space,

cell damage. Data conld be acquired both by direct “real-time’ read-out
and by command read-out of a tape recorder capable of storing data from
all instruments for a time longer than the orbital period.

This paper will deal with the data obtained from the AFCRL-ASE portion
of the payload only. Data obtained by other experimenters are reported
elsewhere |8] At this time. only a small portion of the available data has
been analyzed. This s especiailv teue of data referring to spectral information.
In a previous paper [1) the authors presented data illustrating the gross
aspects of the artifictal beits, This paper cmphasizes the ineasured pitch
angle distributions as functions of hoth time and magnetic sheil. and the
information derived from them. Efforts of analvsis have been concentrated
on data obtained hetween 27 October and 30 October. As & result. the effects
of primarilv a single nuclear detonation a-e investigated. albeit fairly
compleeiv,

rogeams fur hoth 7090 and 1620 IBM computers have been develored
and nsed whenever powible o data reduction. Digitized tapes with merged
ephemerides n chuding 8 L coordewmtes derived from Mellwain's medel [2],
and punched cards bearing detector calibrations wre primary data inputs for
such programs Outputs melude a £ L matrix with detector counting sates
as elementss Programs also exist for vickling piteh angle  distributions
dircetly whea magnetomerer data are added to the iput.

2. lastrumentation

The hve <emtfiation detoctors Coniprisiig the AFCRI ANE pur'ini. of
the pavhoed were desgnatad Betaw 8 Beta 2 Gamma, P oand ' alpha

There s evidenee that the P oalpha detector malfunctioned shortiy after
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Tamg |
Instrument characteristics

Instra- i”?wldﬂgi;‘ne‘w 3eintil- 3 Shjelding: : D«-tecu‘;; t::reshulcl
ment | 49 1 4AA0 htcr' | \hmluw: {MeV)
'(deg.)  (cm?-ster) (g/em?) | Sides ¥ e p
§ 3 mglemt | A ¢ 05 20
Beta-l 3 AL S
90 | 1.8 x 101 “B"  >=3g/lent! B ' L Lo s
9 ? | Plastic | Al i
Bota-2 5 ‘ 1 C* W 605 i.4
: 2 g/em! A* 4 05 45 40.+
. 4.5 Al; .
Gemma 120 18 ! >d4giem B 4 1O 50 40+
_ CsU(Tl) Al
| , C W 004 40 40
: 70 mg/em* A ¢ 1.0 1.0 6.2
i 12.5 : Al; ‘
P | 6 17x107 25 glem' B ¢ 20 20 &5
’ Csl(TH) Fe c ¢ 40 40 16
| D 4 80 8.0 105
| ‘ | > é 20 26. 21
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launch. The moat salient features of the remnaming four instruments are
sumarized in rable 1

It wiil be ohserved that detectors Beta-l, Beta 2 and Gamma have
extremely wide fields of view for charged particles (detector Ganuna has
eascatially a 47 fielsd for gamma radiation) These instruments were utilized
in deternamg the groms aspects of the artineal belts Detector P b an
evtremely naerow feld of view, and W essentially a beectional differenna!
intensity’ detector. Thia detector wan used in obtaining piteh angle distribu
tiona. OQutput channels miwt us«d for the data presented i this paper are
marked with an acterisk -

All detectors ebtained energy spectra information by mears of pulse
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height discrinination performed in the various electronic logics of each
output channel. Threshold discrimination was utilized, henoce the output
counting rates are integral counting rates. All counting ratemeters and
photomultiplier current meters had logarithmic responses in order to achieve
wide dynamic range. Time conatants of the circuits, in the ranges of counting
rate encountered, were lexs than 1 see.

Discrimination among types of particles {electrons, protons or gammas)
is achicved by a comparison of the obscrved counting rates and the rates
of energy deposition in severa!l channels, and by roll-modulation observations.
In artificial radiation beits produced by high altitude nuclear detonations,
the detected particles are predominantly electrons.

3. Presentation of preliminary data; discussion

Figs. 3, 4 and 5 indicate sotae of the gross aspects of the observed artificial
radiation belts. The Jats serve to give a semi-quentitative picture of the
changes occurring in certain regions of the magnetosphere at that time.
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Fig. 3 High energy elecirona (£ - 435 MeVy;, B - 0.170.0.208.

In fig. 3. the uncorrected peak counting rate of detector Gamma is given
asr tunction of the Lshell for different times of observation. The peak
countiag rate s the maxitaum caunting rate measured during a tumble
period of the satellite In caswn where dwelling time in a particular [ -shell
was suthcently jong an average neak value wan used The counting rate
i thus a measuty o but uot necessanly linearly proportional to, fo: all
2 L values  the omni dicectional lux. All data were taken for an interval
of magnetie field intensity B betweei 0 170 and 0205 gauss. The disagree-
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ment in counting rates shown in figs. 3 and 4 for L-shells less than 1.8 arc
probably due to this large B interval. The particles obscrved by this detector
arc deduced to be electrons rather than gamma radiation since: (a) strong
roll-modulation is apperent in the raw data; (b) channels A and B read
very much the same; and (c) the rate of energy deposition indicated in
channel C is consistent with the measurcd flux and with cach particle
depositing a few MeV of energy in the scintillator. Protons of energy greater
than 40 MeV are ruled out by the absence of a signal in channel F and by
the low counting rates in channels D and E of detector . In the preparation
of fig. 3, time corrcctions were applied to ephemeris data to make all peaks
coincide at L ~ 1.9. This action was deemed necessary by the following
observations. In each complete satellite orbit, there were three distinct
regions in which extremely high fluxes were encountered. In some orbits,
ephzmeris data led to a unique value of L ~ 1.9 for each of these regions.
On other orbits, three different L values were deduced. This shift in L values
occurred in some cases even for consccutive orbits. In all of these latter
cases, o unique time shift for all data of an orbit, usually of the order of
10-30 sce (although sometimes in the hundreds of scconds), led to the same
L ~ 1.9 assignment for all three regions. If this corrcetion is not made,
unrealistic models must be invoked to explain the apparent violent vertieal
shifts of an entire radiation belt.
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2 4 ™V rryry

_
[}
k|§
Sna”
T LR A RAL

A d

L SMELL vALLE
Fig. 4. Integral energy flux (£ > 50 keV); B = 0.170-0.2035.

Fig. 3 illustrates qualitatively the existence on 27 October of a radiation
belt between L values of 1.2 and 1.7, and another around 1.9. The creation
of a new belt around L s« 1.9 on 28 October is evident. There is some evidence
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of further injection into the L ~ 1.9 belt on 1 November. These dates caun
be correlated with known times of nuclear detonations. All new artificial
heits pcak around L=1.9, and all cxhibit tails extending well into higher
L regions.

In fig. 4. the uncorrected peek rate of cnergy deposition in detectors
Beta 1 and 2 is given as a function of L, for the same times as fig. 3. Com-
ments made concerning data handling in the preparation of fig. 3 hold for
these data also. The identification of the particles as predominantly electrons
rather than gammas is inferred from: (a) the roll-modulation; (b) the
¢xtremely low efficiency of the detector for gammus coupled with the high
counting rates observed in channels A and B; and (¢) the consistency of
the latter counting rates with the counting rate of dctector Gamma channels
A and B. The identification of the particles as clectrons rather than protons
is implied again by the physics of nuclear detonations, at least in the regions
of the newly created belta. This latter statement requires some qualification.
For L values less than about 1.7, channels A and B of detector P read
esscntially the same. This indicates the existence of some protons in these
regions.

2 x 0% crs
—— 1 x20° CPS
_oa——ex 10 cry

Fig. 5. Isointensity contours for high enorgy electrons (> 4.8 MeV), uncorrected rutes.

Fig. 4 leaves no doubt about the creation of new artificial radiation belts
on 28 October, and again on 1 November, in ihe L r¢ 1.9 shell. An addi-
tional interesting observation i3 that the decay of the L as 1.9 belt between
28 and 31 October and again between 1 and 4 November is much more
pronounced than in fig. 3. This suggests a relative hardening of the radiation
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in that belt —-an effect not inconsistent with dumnirg through the process
of scattering in *he atmosphere at hizh B values.

Fig. 5 gives iso-intensity contours for electrons of ecnergy greater than
4.5 MeV measured by detextor Gamma. The upper half of the figure gives
contours ohserved on 27 October: the lower half. those observerd on the
28th. The contours were obtained by satpiing peak counting rates thronghout
the region. This figure indicates the “boundaries” for the artificial beit
created on the Zxth aund those previously in existence. accredited to an
earlier Soviet shot, and to an American shot of the summer of 1962 (3, 4).
Comment on fig. 5 will be curtailed since bwtter data pertaining to iso-
intensity contours have since been obtained and will be discussed la‘er.

The remaining data presented in what follows are all concerned with
pitch argie distributions and derived parameters such as omni-directional
flux. The pitch angle distributions were calculated from the channel A
output of the narow (about 6°) field of view detector (detector P) coupled
with satellite aspect relative to the magnetic field vector as derived from
the magnctometer signals.

Fig. 8 shows. as a function of time, a typieal porticn of the raw data
from detector P and the corresponding caleulated va'ze of the cosine of the
pitch angle 6. If we accept these pitch angle curves at face value, we would
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Fig. 6. Typeal data

obtain meenasistent distributions from the bt aid night portiens ahout a
maximum or mitumum of the cos § curve. We demand consisteney about
maxima and mauma in our wnalysis, attributing the apparert angular
diserepancies to magnetometer error. This amounts to assuming  axial
symimete about a B field hne.
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There is little doubt that the magnetometer data are in error. The angular
discrepancy is alsays greater in low B-field regions. Furthermore, if we
plot the difference in absoluwe values between the magnetic field strength
given in the ephemeris (calculated from the Jensen and Cain model) and
the magnetic field strength derived from the magnetometers, we obtain an
oseillatory function with a time behavior characteristic of the pitch-and-roll
behavior of the satcllite. Such an apparent magnctometer error may be
due to the residual magnetic field of the satellite or to magnetometer calibra-
tion drifis. Insufficient magnetometer data have been analyzed, so far,
to enable a definite conclusion in this respect, although the latter type of
error scems to be indicated. The angular discrepancy does not seem to be
due to timing errors since in the same orbit the angular shift required to
bring abount data consistency is just as apt to be positive as negative. We
heve, therefore, in our treatment of the data, shifted the aspect function
hy the amount required to bring about data consistency. The magnitude
of such a shift seldom cxceeds 6° and, as stated. tends to be larger in the
low B-field regions of the orbit. The counting rate curve in fig. € gives many
examples of the so-called “buiterfly” distribution, which is characteristic
of radiaticn |- is generated by the injection of particles off the equatorisl
plane.
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Y
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P
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Fig. 7. Pitch angle distnibations; ~lectrons of £ - P MoV, 10031200 UT. 28 O, 82,
208y - L 2212

Fig. 7 gives piteh angle distribucens obtained on 28 Getober in the
L 214 te 232 shell at three different B values. The ord nate s the raw
autput agnal ‘rom channel A of detector P and s very nearly propertionsl
to the logaritl m of the parts te counting rate. Errors in individual data
point signals amount to errors an counting rate of the order of + 10°,
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{(except in cases of telemetry noise). Smoothed curves are probably dependabia
to within 5 %,. All curves in the vicinity of the low pitch angle cut-off arv
somewhat questionable however, not only because of the 6° field of view of
the detector P, but more important beczuse of errors in the determination of
the value of the cosine of the pitch angle. The abscissa is the absolute valuc of
the cosine of the pitch angle, cos 8, plotted from |cos 8|=1 to |cos 8]=:0.
so that pitch angles read from 0 to 90°, left to right, on a non-lincar scale.
Data points obtained for 80° <0 < 180° have been reflected about 90° before
plotting. This amounts to assuming fore-and-aft symmetry with respect to
a B-field line. This assumption appears to be valid (at long enough times
after a nuclear detonation) in that the data points for 90 <8 <180 plotted
separately (when such points are available) do indeed definc the same curve,
with fluctuations, as those for 0<8<90°.

We have adopted the convention of plotting angular distributions as a
function of the cosine for two reacons: first, solution of the aspect problem
leads directly to the determination of cos §; second, and most important,
it can be shown that the area under such curves (when the ordinate is plotted
lincarly as detcctor counting rate) is proportional to the orani-directional
Hux.

The curves shown obey the well-known transformation law for directional
differential intensities [5]:

I {8y, By, L)=1I5 (62, Bs, L).

This is a direct consequence of Liouville’s Theorem. The intensity I has the
units of particles/sec-cm?-ster and is linearly proportional to the counting
rate seen by a ““differential” detector such as detector P. The subscripts 1
and 2 refer to the angular distributions in different regions of the same
L-shell. The pitch angles 0; and 6, are related by

sin2 ), sin? B,
By By

This results from the adiabatic invariance of the magnetic moment. The
angular distributions at different B values can be transformed to partial
angular distributions in the equatorial plane by using thesu equations,
Fig. 8 shows tho results of such a transformation; the equatorial value of
B is denoted by the subscript 0. As is apparent, all data points lie on a single
curve, “universal” for this shell. The distribution of fig. 8 goes through
a maximum; the peak counting rate is about 1000 counts/sec.

"Che authors of this paper have adopted as a standard practice, in dealing
with pitch angle distributions, the immediate transformation of all distri-
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Fig. 8. Equatorial pitch angle distribution; electrons of £ > 1 MeV; 1000-1200 UT-
28 Oct. '62; 2.189 << L < 2.212.

butions obtained to the cquatorial plane of the shell concerned. All data
presented below have been so treated. With few exceptions, all such equa-
torial distributions are the result of at least two separate (generally three)
data acquisitions within the shell, usually from the same orbit. Other than
corrections previously mentioned, no others were applied in deriving the
equatorial distributions. This procedure leads to incomplete equatorial
distribution functions, since a distribution (even if complete) taken at a
field value B in a given shell can only define the equatorial distribution up
to a “cut-off’ angle 67** given by

sin? 0.',““ = B(-,,-’B.

That is, no information can be obtained on the pitch angle aistributions
of those particles which mitror within the shell between the region of B
{or its conjugate point) and the equatorial planc at Be. A few distributions
arc incomplete beecause of incomplete pitch angle coverage by the satellite
pitch and roll. A complete distribution at some point B; will alwayvs lead
to a complete distribution at all points in the same shell which have a
B> B, of course.

We have found the aforementioned procedure very useful. Besides limiting
the number of variables which must be considered (to E, I, cos 8, L in
cquatorial plane) it facilitates identification of artificial belts, and allows
checking of data consistency in a standard way. (All distributions obtained
from a given L-shell at essentially the same time must transform to the
same equatorial-plane distribution,) It further provides a convenient function
for generating and determining omni-directional fluxes in regions of space

127



IV, 121 MEASUREMENTS ON TRAMPED PARTICLES 67

maccessible to a saiMite. This is accomplished Ly first transforming the
distribution from (Be. L) to (B, L). and then integrating over angle.
&
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Fig. 8. Equatoma! pich angle distributions: electrons of E oo MeV; 1710-1930 UT
27 Oct. 82

Fig. 9 gives equatorial piteh angic distributions for L shells in the vicinity
of 1.8, obtained on 27 October. The detector P calibration has been in-
corporated. so that the ordinate is in units of actual detector counting rate.
This ean be converted to directional differential intensity (in units of parti-
cles’sec-cm? ster) by multiplication by 39 < 102 All curves are smoothed,
but the scatter of data points is about the same as shown in fg. 5. All the
angular distributions exhibit what may be cailed a “predetonation’ shape.
This distribution favors pitch angles closer to 907 and lins a low angle cut-ofl.
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Fig. 10 also shows distributions for L-shells in the vicinity of 1.8. Lut
obtained a day later on 238 October. A comparison with fig. 9 indicates the
injection of particles into the shells in this vicinity which occurred some-
time between the two data acquisitions, The major injection is localized
within the L=1.818 to 1.835 shell, although some injection into both the
L =~ 1.80 and the L a 2.20 shell is also obvivux. (The curve for L ~ 2.20
is the same as that shown in fig. 8.) The time can L correlated with the
detonation of a Soviet nuclear device. All distributions illustrate the **butter-
fiv" shape mentioned carlier, being most pronounced for L= 1.£18 to 1.835.

Simple qualitative arguments can be used to explain the “butterfly”
shape, and it may be well te point them out here. Assume point injection
of electrons following the detcnation of a nuclear device at an extremely
high altitude well above the tangible atmosphere. Assume that the atmosphbrre
can be represcnted by a slab and that any particle striking the top of this
slab is lost. Let Br, By and By, be the magnetic field strengths at the top
of the slab, at the point of injection and in the equatorial plane, respectively,
of the shell of injection. Then the equatorial pitch angle distribution of
electrons will be characterized by a iow angle cut-off, 8y, given by

8in? ¢ = Bo/Br

(i.e., no particle mirrors below the top of the slab) and a high angle cut-off,
61, given by
sin? 01 = Bo/Bx

(i.e., no particle mirrors between B or its conjugate point and B,). The
sharpness of the low angle cut-off is smeared out since the atmosphere is
not an ideal slab with a definite top. The sharpness of the high angle cut-off
is smeared out since the injection does not occur at a point but has very
significant extent in space due to the expansion and possible trapping of
the fission debris. Radiation previously trapped in the shell with a more
“normal” distribution, (pitch angles nearer 90° favored) completes the
smearing out of the high angle cut-off to 90°.

Consider next a detonation at a low altitude within the atmosphere. The
only major contribution to the radiation populating the belt for any
appreciable period of time will be that due to the fi-decay of fission debris
isotopes which have been transported out of the dense region of thc atmos-
phere. In this case we obtain a distribution of the same *‘butterfly” shape
as before.

It will be noted in fig. 10 that the distribution for L=1.818 tc 1.835
peaks at about 37°; another distribution obtained for this shell earlier on
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28 October peaks around 32°, Particles of pitch angle 35° mirror at a magnetic
latitude of 30° and mean altitude of about 2300 km. The direct physical
significance of thix is not obvious xince the measurements were performed
at relatively late tiines after the detonation. The ineasurement of the angular
distribution of the injected particles at eariy times after detonation may
presumabiy yield information on the injection mechanism.
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Fig. 11. Omni-directional flux; electrons of £ > 1 MoV.

Fig. 11 is derived from the data presented in figs. 9, 10 and 12, and gives
the omni-directions! flux as a function of L-shell hefore the detonation for
B/By equal to 1.58, and after the detonation for B/Bp cqual to 1.53 and
2.35. BB, equal to unity cannot be used since the equatorial pitch angle
distributions are incomplete, and it is desirable to avoid extrapolation. The
choice of a cut through L-shells at a constant B/B, i3 made becausc for
identical equatorial pitch angle distributions in varicus shells, such a cut
vields also identical pitch angle distributions. This choice thus scems the
natural basis for comparison when it is desired to show the effects of shell
number only. Fig. 11 is the “correct” version of figs. 3 and 4 shown carlier.
Again, the belt created on 28 October is clearly cvident, with a peak omni-
dircetional flux in L =1.83.

Fig. 11 shows a feature not evident in figs. 3 or 4 although suggested by
the structure beyond L=2.0. Differcnces between these representations
should not be unexpected, however, since the figures represent different
modes of cutting through L-shells and the figures refer to different threshold
energies. Morcover, the narrow field detector yiclds a more accurate measure-
ment of omni-directional flux. The B/Bg = 1.58 curve shows a slot at L =1.05
and a subsequent rise in counting rate which presumably gues through o
pesk beyond L =2.05. The B/Bo=2.35 curvc shows clearly the existence of
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a second belt, peaked at L = 2,10, and somcwhat broader than that at
L=1.83. Both belts were apparently gcnerated by the same nuclear
dctonation, judging from the 1.58 curve taken on the 27th of October.

Fig. 12 gives iso-intensity contours, on a dipole ficld, for 28 October.
The number defining the contours arc omni-directional fluxes derived by
first transforming tho equaterial pitch angle distribution of each L-shell to
various B values in that sheil, and then integrating over pitch angle at each
B value. Each number used is probably good to within 10 ¢, considering
only statistical accuracy. Larger systematic crrors previously discussed may
cxist in the determination of position. The omni-directional flux-J at a
point (B, L) is given cxplicitly by

J(B, L) = 4z { I(cos 0, B, L) 3(cos ).
1

Fig. 12 is the “correct” version of fig. 5. One {ecaturc that at first glance
may scem surprising—namely a region of maximum intensity in the 1.83
shell off the cquator, around B=0.08-—-is a natural consequence of the
“butterfly”” shape of the distribution. In fact, any distribution that presents
a 1cak ot an angle different from 90° in the equatorial plane will lead to a
maximum omni-directional flux at some high B value in the shell. The

Fig. 12. Isc-intensity conto:irs; clectrons of ¥ > 1 MoV, 1000-1200 UT. 28 Oct. '62.

contours in the region defined by 1.2<L<1.6, and 0.26<B<0.18 are
shown as “‘uncertain’ sincc there are indications from our data that these
arc due to an admixture of both protons and clectrons. Insufficient analysis
has heen performed for an accurate determinatior. of the relative abundance
of each particle. These arc probably contours of the natural inner belt.
Omni-directional fluxes obscrved arc not inconsistent with an E-18 proton
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integral spectrum, with E =8 MeV, where fluxes observed from protona of
E =40 McV by Van Allen [6] arc used to determine the scaling factor
(about 5 « 107).

Fig. 12 indicates clearly the existence of two well defined belts on 28
Oc ober. A Sovict detonation was known to oecur in the vicinity of L - 1.83
on this date. The belt at L = 1.83 is the sharper of the two, and the one most
easily rccognizable. The shell at L - 2.1 is nevertheless, also quite real. and
new, as data from 27 October (see e.g. figs. 7 and 9) show low particl.
counting rates in this sheil.
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Fig. 13. Equatonial pitch angle distobhutions; L s 1.83.

Figs. i3 through 15 pertain to the time behavior of the L 1.83 radiation
belt between 28 and 30 October. The ordinates of figs. 13 and 14 are
dependable to within 5 2, except. as usual. in the vicinity of the cut-ofl;
the ordinate of fig. 15 is probably geod to 70, Fig. 13 gives the equatonial
distribution at [, 1.83 at three different times after the event, and on the
day before the cvent. The most obvious features are the shint of the peak
tewards 907 and the deerease in the peak (8 tendency towards 1sotropy) in
qualitative agreement with the more pronounced effect of atmosphernie
acattering on particles of lower pitch angle. The question of whether these
decay rates are consistent with removal by seattering on atmospherie particles
alone 1 being studied and 15 obviously of geophvsieal spmificanee

Fig. Has a plot of intenaties an the L1 83 shell versus time for different
pitch angles. Changes are seen to oceur most rapidly at early times | particle
imtensities at the smaller pteh angles tend to change the fastest | and
distributions at Jate times tend to approach sotropy (as indicated by the
groupings of ponta at 35 an:d 55 he) The extromely fust deeay of the intensity
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ot pitch angle 32°, which mirrors at a mean altitude of 1909 km. is not too
surprising. The initial fast decay of the intensity at pitch angle 43°, which
mirrors at a mean: altitude of 3100 km. is surprising. If the data are believed.
this suggests a removel mechanism other than atmospheric scattering for
this L-shell region: although a definite conclusion must be reserved until
atmospheric scattering calculations are performed. 1t would also be well
to look closely at pitch angle distributions of radiation in unperturbed shells,
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and study them for long perneds of time. The relative time mdependence
of the intensiaes at pitch angles 52 and 80 (and higher. as indicated in
tig. 13) in vradeonstandable. There mway even be a tendency for intensities at
very jarge pitch angles to mereaae with time (as suggested by the 60 cueve
an effect contastent with the theoretical caleulatiens of Walt [7] showing
upward sx well as downward diffuston of mirror points of particles seattered
in the atmosphen
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Fig. 15 is a replot of the data of fig. 13, giving omni-directional fluxes
in the L=1.83 belt as a function of time. The dccay of the radiation com-
ponent injected into this shell on 28 October is not inconsistent, for the
three day interval of observation, with an exponential dccay half-life of
approximately 75 hr. However, tho decay rate is certainly very dependent
on pitch angle distribution. Since all distributions tend ultimately toward
the “normal” shape, with pitch angles towards 90° favored, the decay rate
should certainly decrease with time. Comparison of figs. 14 and 15 shows
that the drastic effects indicated in fig. 14 tend to be masked by the integra-
tion over pitch angle, and strongly implies that curves like fig. 14, derived
from pitch angle distributions are most useful in time behavior studies.

4. Closing remarks

The possibility of the creation of double belts by a single nuclear detona-
tion is indicated by the data. We have as an example, in the present case,
the generation of two well defined belts, at L & 1.83 and L ~ 2.1, by the
burst of 28 October.

Mecchanisms for electron removal other than atmospheric scattering may
be at work. In any event, the most profitable means of studying the time
behavior of artificial belts seems to be by intensity at constant pitch angle
versus time data.

Information on omni-directional flux and iso-intensity contour maps
alonc have limited usefulness as a means of studying the dynamics of radia-
tion belts. Data of prime importance are pitch angle distributions obtained
at various L values in the equatorial plane. These can be used to obtain
the omni-directional flux and iso-intensity contours as wcll.

This report may serve to illustrate the methods of da.a handling used
by the authors, and may give some indication of the nature of the information
to be learned from satellite data analysis, in particular from pitch angle
distributions. Work will continue in all aspects of data reduction. Of particular
interest will be data obtained subsequent to the latest observed nuclear
detonation which will allow a long time study of the artificial belt creat=d
by that detonation without complication by further injection. Data per-
tzining to energy spectra, so far almost completely untouched, will be
anulyzed. Derivation of iso-intensity contours, using the methods of pitch
angle transformation described in this report, are in progress for various
times of intcrest. Attempts will bo made to calculate the effects of atmospheric
scattering on pitch angle distributions, and to check the consistency of
the results of such calculations with the cxperimentally observed data.
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A minor program to dctect systernatie errors in the magnetometer calibrations
wil! also be attempted :n hopes of improving aspect determinstion.
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