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Section 1

INTRODUCTION

The objective of this analysis was to assemble a data base for artificially
trapped radiation. The effort was directed toward producing a computer
oriented data base complete with error estimates. The data bas"e was to cover
data containing information on artificially injecte~ electrons from the

nuclear events, Starfish, Teak, Orange, Argus I, II, III, and Russian I, II,
III. If possible, the data were to be presented as the number of
electrons/cm2/sec greater than a given energy as a function of time and B
and L space.

The requirement that the data be put into isotropic integral spectral form as
a function of position and time was soon found to be inconsistent with the
published data sets. For example, the published data for Explorer IV for the
Argus events showed only an isolated case of flux versus position as the
satellite crossed through the Argus shells. Most of the data had only the
amplitude of the Argus shell peak as a function of time. For many of the
other satellites the published data were presented in terms of total fission
electrons. In very few cases were time, Band L available as required.

Thus a redirection of the effort from the analysis of published documents to
an analysis of data from experirnenter data tapes was begun early 1n the
program. Prior to this effort the principal investigator had successfully
worked with several data sets obtained from the National Space Sciences Data
Center (NSSDC). This work was in connection with da~a from more recent
satellites. The use of the more recent NSSDC tapes was quite favorable and
straightforward. The use of the much older NSSOC tapes for this effort proved
to be a difficult task. Documentation of the old data sets was often
completely inadequate and so much-time had passed that very few of the
principal investigators were able to help in decoding the tapes.
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The Explorer IV Argus data set ;s a classic case of some of the frustrations
experienced in this program. The Explorer IV tape analysis algorithms were
developed for the Teak and Orange bursts because the Explorer data for Teak
and Orange were well documented in several theses. The analysis of the data
tapes for Teak and Orange proved to be extremely useful. At the completion of
the Teak and Orange effort an easy Argus effort was expected. However. it was
found that the entire Ar9US I. II and III time period was missing from the.
NSSDC tapes. During a call to Dr. James Vett~ at NSSDC it was suggested that
since Argus interferred with the analysis of natural radiation environment.
the NSSOC had probably removed the Argus data from the tapes. Dr. Vette said
he knew of several additional tapes that should contain the entire data set.
These were obtained after some delay. The tapes had a different format and a
new computer program had to be written. The best of these tapes contained
data .during the Argus I, II, III time period; however, every single Argus
crossing was missing. At this point a visit was made to Or. Carl McIlwain at
the University of California at San Diego (UCSD). He remembered that the
Argus data were initially classified and thus was not submitted to the NSSDC.
He retrieved three different data tapes from the UCSD archive storage. Th~se

tapes had Explorer IV data in various forms. These were brought to MOAC for
analysis. All three data sets were dumped to the printer and portions hand
decoded. None had any Argus data. Additional calls to various people
produced no Explorer IV Argus data. It was finally decided that the Argus
data simply did not exist. Well over a year later the Air Force Weapons
Laboratory (AFWL) was able to produce a number of additional classified
documents concerning the various nuclear bursts. Among these was a
confidential document containing hundreds of confidential plots of Argus
Explorer IV data. A security review determined that the document had been
downgraded ,and was no longer classified. Thus after many false starts and
wasted manhours. the Argus data were finally aV~11able.

The analysis of so many different computer tapes of various formats required
an extensive programming effort. A large number of programs had to be

written. Some of the tapes were written in packed format. and assembly
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The remainder of this report is organized on a satellite by satellite basis.
The key to the analysis was the understandi~g of the instrument, its
calfbration and the ability to read the NSSDC data tapes. Section 10.0
addresses the intercalibration of the various instruments.
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Section 2

THE JASON PROGRAM

Tne Jason program consisted of nineteen solid propellant rockets launched from
a number of launch sites. For this effort, the study of the Argus nuclear
explosions, only five rockets launched from Wallops Island were usable.

The Jason data and instrumentation are very wel. described in the report
lIAnalys1s of Jason Data" (Reference l). This report 1s one of the most
complete and useful documents encountered in our entire study. The report
contains all pertinent experiment and data information. The document was
complete and the other documents werp. found to be a subset of it. A brief
de~cr1ption of the experiment is presented in Section 2.1. This description
is reproduced from Reference

2.1 Experiment Description
liThe radiation-detaction instruments consisted of eight Geiger tubes with
various absorbers and collimators. Adiagram of the instrumentation package
is shown in Figure 2-1. The detectors in Channels 1, 5, 7, 3, and 6 are
referred to as the long detectors. Each of these dete~tors utilized the same
type of Geiger tube, an Anton 106-C. Of these, only the detectors in Channels
1 and 5 were rather highly collimated. The detectors in Channels 2, 8 and 4
are referred to as the short detectors. These also utilized a single Geiger
tube type, but it was an end-window Anton 222R. All of the 222R detectors
were highly collimated. The absorbers were selected such that the detectors
in Channels 7 and 8 had thresholds at about 440 keY; the detectors in 3 and 4

had threshold energies of about 1 MeV, and the detector in Channel 6 was alone
with a thrasnold energy of 4.3 MeV.

1. ~sis of Jason Data, AFSWC-TR-61-82, Air Force Special weapons Center,
~and AFB, NM, October 1961. (AD 268400)

15



TOP VIEW

HIGH-VOLTAGE

BATT£AY BOX

f'fgure 2-1. Diagram of the Jason InstrtJIIlent Package (from Reference 1)



The output pulses of the Geiger tubes were sequentially sampled for a time
duration of about 1/75 sec with a multi-segment commutator, and the pulses
were transmitted directly to ground stations. In the telemetry records.
regularly spac&d synchro"izatiml pulses appeared. followed by pedestal-shaped
sigr.a1s. each of which corresponded to a sampling of the output of a
particular detector. The Geiger tube pulses appeared at the top of the

pedestals. For each ChanJel. the counts per pedestal were determined visually
~y pe~sonnel of the Air Forr.e Specidl ~eapons Center and recorded as a
functi~n of t1me.

These dat3, together with the tr-djectories of the rr·ckets and the tel emetry
signal strength records received by the six ground ~tations of the P'r Force
Missile Test Center rdnge, wel~e used in thiS stUl~Y.

2.2 In!>trumentatio~' Calibration

The entire dat~ analysis effort was Quite str6ightfofward. All calibration
and data 1nformation was contained tn the Lockheed Jasor. report. The Jason
instruments \\'ere Hen calibrated and the r'esults are l:;e1ieved to be Quite
accurat6. The entire J3son payload was placed in a fixture and electrons of
various discrete energies were used to test the rp.sponse of the detectors to
the electron beam. The payload was rotated through all possible ~lg1es and
ultirnat~ly an effective isotropic geometry factor was derived whirh can be
used to evC'Juate the flux levels. The details of the analysis of this rather
tedious, but well-dune, calibration will not b2 repeated here. Figure 2-2
summarizes the geometry factors of all of the Jason Channels. These curves
Wp.~e obtained from the pUblished tables in Ref~rence 1 (see Table 2-1).

One thus has an energy depen~ent geometry factor. This data analysis effort
required finding the flUX, f. greater than a cert~in energy. t

i
.

The electron f1ux/cm2/sec greater than a specified energy can be written as

(1 )
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Table 2-1

GEOMETRIC FACTORS IN cm2

Electron G1 G7 G3 G6 G2 G8 G4
Energy
(MeV)
~ ----

0.15 0 0 a 0 0 a 0
0.2 0 0 0 0 0.001 0 a
0.25 0.0652 0 0 0 0.00232 0 0
0.3 0.151 0 0 0 0.0028 0 0
0.35 0.212 0 0 0 0.00309 0 0
0.4 0.275 0 0 0 0.00326 0 0
0.450 0.330 0 0 0 0.00341 0 . 0

0.5 0.374 0.05 0 0 0.00354 0.00045 0
0.55 0.405 0.17 0 0 0.00366 0.00104 0

0.6 0.434 0.35 0 0 0.00375 0.00174 0

0.65 0.455 0.57 0 0 0.00384 0.00264 0

0.7 0.474 0.82 0 0 0.00391 0.00298 0

0.75 0.489 1.07 0 0 0.00397 0.00324 0

0.8 0.501 1.31 0 0 0.00403 0.00344 0

0.85 0.513 1.55 0 0 0.00408 0.00361 0

0.9 0.523 1. 76 0 a 0.00412 0.00374 0

0.95 0.531 1.94 0.01 0 0.00416 0.00383 0.00006

1.0 0.536 2.10 0.05 0 0.00420 0.00391 0.00022

1.05 0.543 2.24 0.09 0 0.00423 0.00398 0.00038

1.1 0.547 2.36 0.16 0 0.00426 0.00404 0.00055

1.15 0.554 2.47 0.25 0 0.00429 0.00409 0.00074

1.2 0.559 2.58 0.34 0 0.00432 0.00413 0.00092

1.25 0.562 2.68 0.45 0 0.00434 0.00418 0.00113

1.3 0.566 2.76 0.57 0 0.00437 0.00421 0.00133

1.35 0.571 2.84 0.70 0 0.00439 0.00424 0.00154

1.4 0.575 2.92 0.82 0 0.00441 0.00428 a.aCii4

1.45 0.578 2.98 0.94 0 0.00443 0.00430 C.00195

1.5 0.581 3.04 1.05 0 0.00444 0.00433 0.00213

1. 55 0.585 3.08 1.17 0 0.00446 0.00436 0.00234

1.6 0.587 3. 13 1.29 0 0.00447 0.00438 0.00252

1.65 0.590 3.17 1.40 0 0.00448 0.00440 0.00269

1.7 0.593 3.21 1.51 0 0.00449 0.00442 0.00284
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Table 2-1
(continued)

Electron (n G7 G3 66 G2 GB G4
Energy
(MeV)

1. 75 0.595 3.24 1.6 0 0.00450 0.00444 0.00298
1.8 0.598 3.27 1.69 0 0.00451 0.00446 0.00312
1.85 0.6 3.3 1.77 0 0.00452 0.00447 0.00325
1.9 0.601 3.32 1.85 0 0.00452 0.00448 0.00336
1.95 0.603 3.34 1.92 0 0.00453 0.00449 0.00345
2 0.605 3.36 1.98 0 0.00453 0.00450 0.00353
2.25 0.612 3.42 2.21 0 0.00455 0.00453 0.00377
2.5 0.619 .3.45 2.39 0 0.00457 0.00456 0.00389
2~ 75' 0.624 3.47 2.54 0 0.00458 0.00457 0.00396
3.0 0.626 3.48 2.67 0 0.00458 0.00458 0.00403
3.25 0.629 3.49 2.79 0 0.00458 0.004-58 0.00410
3.5 0.6~1 3.49 2.89 0 0.00458 0.00458 0.00415
3.75 0.634 3.50 '2.98 0 0.00458 0.00458 0.00420
4.0 0.634 3.50 3.06 0 0.00458 0.00458 0.00425
4.25 0.635 3.5 3.12 0 0.00458 0.00458 0.00429
4.5 0.635 3.51 3.17 0.020 0.00458 0.00458 0.00433
4.75 0.635 3.51 3.21 0.068 0.00458 0.00458 0.00437
5.0 0.635 3.51 3.25 0.110 0.00458 0.00458 0.00440
5.25 0.635 3.51 3.28 0.150 0.00458 0.00458 0.00443
5.5 ' 0.635 3.51 3.31 0.198 0.00458 0.00458 0.00445
5.75 0.635 3.52 3.34 0.25 0.00458 0.00458 0.00447
6.0 0.635 3.52 3.36 0.310 0.00458 0.00458 0.00451

6.25 0.635 3.52 3.38 0.370 0.00458 0.00458 l'.00451

6.5 0.635 3.52 3.4 0.440 0.00458 0.00458 0.00453

6.15 0.6,35 3.52 3.42 0.510 0.00458 0.00458 0.00453

7.0 0.635 3.52 3.43 0.580 0.00458 0.00458 0.00454

7.25 0.635 3.52 3.44 0.650 0.00458 0.00458 0.00455

7.5 0.635 3.52 3.45 0.720 0.00458 0.00458 0.00456
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Table 2-1

(Concluded)

Electron Gl G7 G3 G6 G2 G8 G4
Energy
{MeV}

7.75 0.635 3.52 3.46 0.793 0.00458 0.00458 0.00457

8.0 0.635 3.52 3.47 0.862 0.00458 0.00458 0.00458

8.25 O.ii35 3.52 3.48 0.933 0.00458 0.00458 0.00458

8.5 0.635 3.52 3.48 1.008 0.00458 0.00458 0.00458

a.75 0.635 3.52 3.48 1.078 0.00458 0.00458 0.00458

9.0 0.635 3.52 3.49 1.149 O. :.1045r. 0.00458 0.00458

10.0 0.635 3.52 3.49 1.4 0.00458 0.00458 0.00458

11.0 0.635 3.52 3.49 1.6 0.00458 0.00458 0.00458
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where feE) is the differential flux in electl"ons/cm2/sec/kev. (The upper
limit of ... is mathematically correct; however, when the equations were
numerically integrated on a computer an upp~r limit of 20 MeV was used;
... will be used in the text to maintain mathematical correctness.) With a

detector Whose geometry factor is given as a function of energy the number of
coun~s/sec. Ci , that the detector will see can be written as

Ci ~ l G;(E) f(E) dE
o

( Z)

where GieE) is the energy d~pendent geometry factor for. the ith detector,
and e, js the co~nt rate of the ith detector. Giv~n Ci for a number of
energy channels it is then theoretically possible to invert the integrJI and
determine feE). This is, however. very tedious and 1s seldom used. A si~ler

and also: more accurate procedure can be used if the spectral shap~ does not
vary rapidly from point to poin~.

For the ith detector ~1ch has a response to electrons above energy Eif an
average geometry factor, Gi • can be determined such tn~~ the count rate,
ei' for ~h1s ith detector is represented as

GO

Ci =0 6; f feE) ('.
Ei

Cosrbining the abo'le !Quat,,,,, <")1" C1 with the exact equation, G
i

can be
evaluated for a given chann~l.
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<ID

of G1(E;) f(E) dE
G; Q:

CD

f feE) dE
E;

and

F (E >E;)
Ci

=
'tri

(5)

( 6)

Gi is, of course, sensitive to the form of f(E}. For ultimate accuracy an
feE) is assumed and the Si are calculated. 61 is then used to evaluate
F(E > Ei ), which can then be used to find the feE) and if the new feE) 15
substantially different from the initial feE), then an iteration process 1s

used to find Gi• In this study an approximate fission shape was used to
determine the Gi for each of the detectors and an iteration procedure was
no~ nec~5sary. The fission spectrum used for this analysis was a best fit to
the spectrum given in Reference 1•. (See EQuation 7).

The energy cutoffs 'of the channel given in the initial Lockheed report were
dlso used in this analysis. These energies are the thresholdS where the
counters first start counting. The energy labels assigned to the channel are
somewhat arbitrar'.l' because the procedure evaluating G; uses whatever
assumption is made for the ~ner9Y channel labels and determines the
appropriate Gf for the assigned £i that is consistent wlth the assumed
spectrum.

The spectrum used to determine Gi is

feE) • 4 x 206 e(-2.38E)

f{E) = 1.14 x 106 e{-1.11 E)
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The G; for the Channels used in th~ analysis are given in Table 2-2.

Table 2-2
GEOMETRIC FACTOR FOR JASON

·Channel
Number

1
3
6
.7
8

E

0.21 MeV
1.0 MeV
4.3 MeV
0.44 MeV
0.44 MeV

1
G
2.62
0.719
6.09
0.582

286.0
-_.---------

2.3 Data Analysis
Data from the five flights were available in Appendix A of the Lockheed
report. Table 2-3 is a sample of one of the tables. The tables list the
counts/second for the various energy Channels as' a function of time since the
start of the flight. The center of the time interval and the counts were
entered into the computer. Afunction dependent on'counts was used to enter
the errors.

A second set of tables (see Table 2-4 as an example) listed the trajectory
parameters a~ a function of time. The t1me~ magnetic field strength, B~ and
the logarithm of the1n~ariant~ J, were entered into the computer. J and B
were converted into Band l using a simple conversion program and Hilton's L
program~ The logarithm of the invariant. J. given in Table 2-4 is given in a
strange set of units. To convert the J from Table 2-4 into the I required by
Hilton's or McIlwain's program the following conversion was used:

(8)
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Table 2-3

COUNTING RATES Of DETECTORS ON FLIGHT 2019

Fl1r;ht TiJnD ,bol'lllO or
Interval (soc) Channels Cl-.aMe17 Channel) Channel 6 Channel 2 Channel a Char.nP.1t.
.'t'OlII To 1&}

i

111 184 3550 + 1~7 2)00 + l60 1010:t 100 10 + 10 307 + 68 0 0
192 199 %900 - 2960! 140 1570:t 100 18 ±10 . 3SO ±6'2 0 15:t 13
208 216 6590 3521):t 150 2010+ US 25:t 12 393 + 52 0 12 + 12
221 23I,. 736O:t 131 3250:t no 1910 + 88 17 :t 9 666 + 10 18 +"10 ,.-

6o±
241 254 9560 4350:t 136 3Wio i 150 25 :t 9 182O:! 122 17.± 12 J

261 273 12,100 4750 + lliO 2420.:t 100 26 + 10 1CJO:t 76 0 17 1: 10
281 294 13,1oo.:t 110 5200 I 1110 2750:t 103 44 ~ 12 1220 + 85 25 + 12 I)

300 313 1~,500 5810 29OO.t lolJ 29+11 1350 ±C!2 3':> I 12 16.! 9
321 328 1"-.900 6180 + 200 3"16o:t 115 66; 2] 1.540:t ~ 18 ... 10 ~ ± 9
341 348 18.1iOO 6960 - ]6Bo i l60 18 I 13 17101:. 1JQ 18 ± 13 J

)62 313 17.500 6870 + 180 3960 + 128 114 + Ilj. 2080 + 123 13 + 9 '21~ ... 12
261 ]9~ 16.000 + 210 1190 + 163 3860 + 125 22 + 9 2100 + 1':>2 26:;: 12 ::6 +: ?

N 401 lH4 2O,4oo! 220 1760 - 3990! 120 8! S' 212O! 116 6I6 24 £ 113
U'l Ita 433 2O.5OO:t 220 7740 3690 ± 128 )6:t 13 1830 ± 101 4,; ± 16 - ... -:> - )

441 453 20,100 :t 210 8350 ± 189 %12O:t 126 86 ± 19 2100 ±. 115 ]2.:t 13 :: ±. 6

li61 ~711 24,.300:t 21&0 8640· 426O:t 120 46 ±. 13 2170'" UO 35:t 13 151:. 9 "
$01 SOlI 19,900'" 290 8950+ 2)7 452') + 174 42 + 16 2220:; 1% 52 + 2() :)

S16 52h lll,SOOt 284 9120- ~360+ 16S 68;21 2270+ 111 29:; 11 13+13
S.3) 540 18,100+ 270 9810 Uhho:; 182 k9; 18 22a.J; 151 27; 16 0-

549 556 17,hOO:± 210 9500 4250 f ' .. 4RI18 22;0; .1.48 16:± 11 13+lJ

56) sn 19,300 +" 290 96)0 ... 2116 4390 + 187 ~ + 23 2240 + 111 39 ... 22 U+13
581 $88 22,100; 290 10.900- 11680:; 1130 62; 2f) 2690 + 170 39:; 19 U;l1
596 6dt 16,600+ 280 10,700 4720:; 1~ $8; 20 2060 -; 1.49 9; 9 1~.t in
629 636, 18,5'00:; 260 11,100 -4960+ B2 61;60 1~!l0 + 1.]) 2'3; l1
64S 6$2 10,SOO± 200 9100± 2)0 1&640 I 170 36~ 1$ 12JO:;: 1.1)9 49:; 22 1',) + 10

65'S 661 13,300+ 110 1l~900+ 222 $280+ lLS 46 + 13 1320 + 8/1 fil + 18 15 + 9
661 6~ U

A
800i 160 13,000- 5710:; 145 63+ 1U 833 + 70 )4 +" l~ 0-

701 711 720+ lbo 12,9OO.t 223 6100+ 147 66+: 17 511+ 53 55+ 16 23 + 10
7l1l 727 9380:± ~ 18~600:t 21.3 8aBo+' 112 )2+l4 1118+ 51 24:; 12 2):; 10
721 134 9200±, 140 18,100 8lBOt 166 8S:!: 11 4l1:±: $1 33:± 13 26i 12



Table 2-4
JASON FLIGHT 2019

Yellt.
.. ..

FliBht t10rtJI Boc:ket HagDetlc Altitude ~.l.t1tude

Time LoD&ltud.e Latit'lld.e Altitude I13teDlllty tog I 750 :Iest. S. iie::1. 9 •

(rain) (dell) (desJ (lQ.t) {G~$) ( i<:.t) ~t':; )

2.00 15.~1 52.60 282
2.50 15.39 52.69 361
3·00 15.36 53.l"1 444

3.50 75.33 53.~5 51.3 0.4300 1O.Z!6 510 139
4.00 75.31- 53·12 576 0.4169 10.2lB 513 259
~.50 75.28 53·99 631- 0.11054 10.206 G2'3 3lS

5.00 75.26 54.25 619 0.3954 10.1.95 oTo 3C~

5.50 75.2. 54.51 719 O.)8i2 10.182 117 409
6.00 75.21 ~.TI 153 0.J806 10.11'0 151 1&43
6.50 15.19 55.03 180 0.1153 10.1.56 Tr:3 b68

1.00 7',).17 55.26 800 0.31lO 1O.1~ 19'9 :..d6

7.50 75.15 55.53 all 0.3000 10•.128 :llZ :;)1., ~

N
6.00 75.~3 55.79 aaa o.J6ci> 1O.1l2 319 ;.l:3

Ol 6.50 75.ll 56.~ 819 0.3651 10.096 al~ ;l~

9.00 15.08 56~29 612 0.365lj. lO.eilo 31.2 503

9.;0 15~06 56.54 796 0.3661 l:).~a 730 ...)7

10.00 '15.oE. 56.80 Tl6 0.3691 10.043 177 t..>3

10.'50 75.02 57.05 150 0-3'125 10.022 j';O :.44

11.00 7S.00 57.)l 71.6 0.3m 9.m i10 .12

ll.50 74.96 5i.57 61" 0·]1333 j.9'16 oj, 372

12.00 711.96 57.83 626 0.]910 '1.953 -526 32'S
12.50 14.93 56.10 570 0.IlOO1 9.929 ;'i1 214

13·00 'Pf'.91 53.38 507 0.4108 9.903 500 22d

13.50 74.89 53.65 ~

14.00 74.87 58.94 359 "'ocket alt itude tl:an8fo~ed a1011& 1.!\\es of C01\st81\t "80 and 1
....lues to tbe lIIe:r1d1a1l plane at 75 0 West lo\\r.itudll.

nOT;;:; Slnt;le 8ZlIi double asterisks refer to last two eol~s **A1Utuc1a In .outbern bembphe:re wbera magnetic Ha1d intensity
Or 11Dl•• 1~ 12 '(alona local .IISDetic: line of force) 18 .... aD tut lit tile

posltion of tbe l:ocket.



2.4 Background Determination
A considerable effort is made in the Lockheed report to identify the
background. Various contributions and effects of the various backgrounds are
included in Reference 1. Additional data fro~ a Javelin rocket (included in
Reference 1) were also used to evaluate the background. The Javelin data set
were not available for this effort and thus a simpler, although quite
reliable, approach was used.

The fifth flight, Flight No. 2042, was launched much later than the four
earlier flights. The first four flights were launched within 19 hours of the
burst. Flight 2042 was launched 88 hours after the burst. The analysis in
the Jason report showed that by this time the flux had decayed to preburst

·levels. Thus flight 2042 was used to evaluate the background. Fortunately,
flight 2042 cuts across all of the pertinent L shells and also gives a
variation in B over a limited L space. The B dependence of closely adjacent L
shells during undisturbed times is expected to be very similar and thus a
least squares fit in B, L space was used to evaluate the background measured
by flight 2042. The background function is

( 9)

Where BKi gives the background in counts per second for the ith channel,
ai' bi , ci ' and di are coefficients for the ith channel and Band
are the Mcllwain B,. L. The coefficients for the channels that were used in
the final analysis are given in Table 2-5.

2.5 Error Analysis
A number of errors were possib le fOl· th€ Jason experiments. The four errors
that were found significant are: 1) statistical uncertainties, 2) dead time
correction, 3) uncertainty in knowing the background, and 4) uncertainty in
knowing the calibration.
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Table 2-5

BACKGROUND COEFFICI£NTS FOR JASON

. --- -- ....- _. ~ .._----
CHAN I a b c d

I

1 -.18645724E+05 -.33241116E+05 .1967~592E+05 -.11583467E+05

7 •132aS681Et05 - ....3587219E+0S -.108999413E+01 •78067239E+04
3 -.97265572E+03 •23142711E+04 •43185220E+03 -.99867263E+03
6 •57948358E+03 -.13721005E+04 -.21212237E+03 .52182959E+03
2 .93666S45E+041-·332286~3E+05 -.16638987E+04 •87487088E+04
8 .31203721E+841-·7998~845E+04 -.12398078E+04 •31920189E+04



Since the raw counts used to determine the counts/second were not given in the
data listing. the standard Iii method could not be used for the statistical
errors. The data listings did, however, give many examples of counts ~

statistical errors. A graph of counts versus errors was made and the curve

(lO)

was fit to the data set. Es 1s the statistical error and ND is the data
counts/second.

The error due to dead time of the geiger tube circuit became very large at
high count rates. The Lockheed report gives the error due to dead time as a
table.

The function

(II)

was found to fit the dead time error data very well. ED is the error due to
uncertainty in the dead time and NO is the data counts/sec.

The uncertainty in the background represents a sizable portion of the error
and was difficult to estimate. It included the uncertainty that the fit to
flight 2042 over a very limited ·region of s~ace adequately represents the
background over the entire region of interest and the uncertainty of the
intercalibration between flight Z042 and the other flights. The
intercalibration uncertainties were determined to be small. The fit

. uncertainties were estimated to be ~o larger than 50 percent. The background
fight gave data points along a single trajectory through B. L space. The up
and down legs of the flight were separated in L and thus gave an L dependence
for the background fit. 80th legs (up and down) gave a R dependence. Since
there were at best two data points for each L, an assumptlon of smoothness



(i.e., slowly varying in space) had to be made. Differences larger than 50

percent from these results were inconsistent with our understanding of the
variation of radiation during quiet times over a very limited region of
space. Thus

(12)

where ES is the error in the background count rate and BK i (see Equat10n
9) is the background count rate as determined from the fit.

, The error in the calibration is also difficult to estimate since the a,ccuracy
of geometry factor evaluations are not included in the Lockheed document. In
evaluating the G; for the various channels (Section 2.Z) a sensitivity to
spectral form was evident. It was assumed that this error was more important
than any procedural errors during laboratory geometry factor determinations.
The slopes of the fission spectrum, Equation 7, were changed by 0.5. That is,
in Equation 7 the' e-2•3BE term was varied from e-1•98E to e-2•88E • This
changed the calibr~tion values by no more than 30 percent. Thus

(13)

where ER is the error in the data rate and'NO is the data count rate. The
most probable total~ ET1 the error in the 'count rate for a given channel due
to el~ctrons injected by Argus, was determined to be

The flux and error estimates for each channel was calculated using

1
F (E > E1, 8, L) • i (ND ~ Er )

i

3C

(14)

(lS)



Section 3

EXPLORER IV

The Explorer IV satel'ite was the only det~ctor available for the Teak and
Orange series and the only satellite measurement of the Argus series. The
Argus series was supplemented using the Jason sounding rockets." However. the
JASON measurements occurred near the top of the atmosphere and the Argus
electrons observed by the Jason rockets were quickly (in several days) removed
by the atmosphere. Thus Explorer IV is the principal data set for Teak,
Orange and Argus.

A substantial amount of pUblished data was available for Teak in Reference 2.
The data 1s presented as a function of L with only approximate values of time
and B available. The Orange data set listed only the peak amplitudes. For
Argus onty a few isolated passes of data were available using the thesis of
Manson (Reference 3). Pa1keday .(Reference 4)~ and George (Reference 5).

Additional Argus data consisted of. such information as peak flux at the center
of the shell as a function of time. However. no B. L dependent values showing
the structure of the Argus band were available. Thus a decision was made to
order the Explorer IV data set from the NSSOC. This tape recorded data set

2. D. J •• Fenne11. J. F. George. J. A•• Hickerson, J. L•• Maldonado, G. V••
Webber, A. H•• Review of Artificial Radiation Belts, Explorer 4;
Unidirectional Trapped Radiation. Injun I. DASA-2309~ 1969.

3. Manson, D. J•• Van Allen Radiation Belt and Argus Directional Flux
Density Distributions. Explorer IV Satellite Data, (Thesis) Saint Louis
University. Saint Louis, Illinois, 1967.

4. Paikeday. J. M., Interpretation of Directional Flu~ Densities in Argus
Shells, Explorer IV Satell1te Data. (Thesis) Saint Louis University.
Saint Louis. Illinois. 1966.

5. George, J. A•• Omnidirectional Fluxes; Explorer 4 Satellite Data. Argus
Events 1 and 2. (Th~s1s) St. Louis University. St. Louis, Illinois, 1967.
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proved very valuable in verifying the calibration of Explorer IV by
comparing the non-burst data with the Vette environments. It also provided
accurate and easy to use data for Teak and Orllnge. However, as described i.n
the im.,''lduction, six different data ~e-ts (three from NSSDC and three from
UCSD) failed to locate the required Argus dQ~a. The Argus data were finally
found in a report·that was originally classff'led and then was subsequently
declassified (Reference 6).

The Explorer IV da~a consist.ed of data from three different d~tectors.

These detectors are described in Reference 7. A portion of this description
15 reproduced. be1ow,.

3.1 Experiment Description
"Channel 2 is a circular disc of plastic'scintillator (National Radiac
Scintilon), thickness 0.178 em, diameter 0.762 cm cemented on the face of an
R~~ photomultiplier tube"type 6199. The PM tube was mounted with its axis
orthogonal to the longitudinal axis of the payload and with the scintillator
near an,open hole in the wall of the payload shell. The unidirectional
geometrical factor (defined by G • R/cj, where j is the unidirectional
intensity in particles/cmZsec 'steradian) of the scintill~tor was G •
0.040 cmZ steradian through an ape~ture covered by 0.14 910m2 of
aluminum. The geometrical- factor as a function of stopping power rose
rapidly for stopping power greater than 1.6 g/cmZ to:an asymptotic vPlue
of G• 4.2 cm2 sterad1an (or Go • 0.334 cm2) for stopping powers
greater than 5 g/cm2• The collimating apertures were such that the are~

of the scintillator 'visible' through the fall had its full value for a cone
of half angle 60 and fell linearly to zero at a half angle'of 19°. T~e

6. Argus I, 1:1 and III Observations \. i;h Explorer IV Satellite (Supplement
Report) Department of Physics and Astronomy~ State Unjversjty of Iowa.

7. Van Allen. J. A•• McIlwain. C, E•• LUdwig, G. H., Satellite Observations
of Electrons Artificif1ly Injected into the Geomagnetic Field, Journal
of Geophysical Research,!i, 877-89~. 1959.
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electronic bias was selecte~ so that about five per cent of the a-rays from a
T1 204 source on the outside of the stopping foil were recorded. The upper
limit of the p-ray spectrum of T1 204 is 780 keV. A weak T1 204 source was
permanently deposited on the foil of the flight instrument to provide an
overall check on performance of the system: it gave an average background rate
of 0.50 counts/sec, with slight but known dependence on temperature of the
amplifier. Overall response of the system was well represented by the
following eQuation:

R r,. 1 - r't (16)

in which r ~ apparent counting rate, TQ 91 psec, R • true counting rate.
Two scaling factors were provided 1n order to extend the- dynamic range of the
system: Channel Z with a scaling factor of 2048 and Channel 5 with a scaling
factor of 16.

For channel J the basic detector was an Anton Type 302 Geiger tube. It was
not deliberately shielded but wa$ more or less surrounded by a miscell~ny of
electronic components and rnechanical structure such that the OIMidirectional
geometric facto~ Go was 0.14 cm2 for a stopping power of 1.2 9/om2 and
rose to its full value of 0.705 cm2 for stopping power of 5 g/cmZ• The
material in the low stopping power case was mainly stainless steel. The
performance of the o'leral1 circu1t lola's found in detailed calibrations to be
well represented by the following equation:

r .. Re-RT (17)

where r is the apparent rate, R the true rate and T .. 62.5 :. 1.3 lAsecs. The
useful dynamic range for filtered 50 keY X rays, for example, extended up to
about 20 roentgens/hr, The maximum value of r was 5900 counts/sec. and the
value of r was very nearly proportional to radiation 1ntensity at rates below
1000 counts/sec. No difficulty was experienced 1n practice in resolv1ng the
ambiguity presented by the fact that r was a double valued function of
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radiation intensity. The maximum value of r was easily read on the
telemetered record due to the large scaling factor, namely 2048.

For Channell, the basic detector was again an Anton'type 302 Geiger tube.
The tube was surrounded by a lead cylinder of 1.6 9/cm2 thickness and waS
further shielded on the ends by lead plugs "of somewhat greater thickness.
Go • 0.14 cm2 for a total stoPPing power (lead + stainless stedl) of 2.8
g/c.2, and Go has SUbstantially its full value of 0.823 cmZ for stopping
powers greater than 6 9/cm2• Channels 1 and 3 were located side by side
with center line separation of 3.6 em. The maximum observable counting rate
of Channel 1 was determined by the fnformatfon-band.-width of the telemetering
system. It was "about 1500 co~nts/sec under favorable conditions. The low
scaling factor, 64 was selected in order to get a dete~nation of radiation
intensities at low altitudes during the often-brief periods of satisfactory
telemeterlng reception by a given station on a gi~an pass. Periods as brief
as one or two minutes were anticipated and did indeed occur not uncommonly,
though ma~y of" the stations were successful in" receiving workable signals for
UP to 15 minutes and in rare cases for longer.

The lower powered transmitter and Channels 2 and 5 'died' about Septenlber 3.
Channels 1, 3. and 4 continued to operate properly until September 19. The
higher p.owered transmitter ceased sending signals on October 5. The~e is no
reason to believe that the demise of the. apparatus was due to any other cause
than simple exhaustion of the batteries.

3.2 Calibration .
The Explorer IV instrumentation consisted of t~o separate detector setups.
Chann~ls 1 and i are Geiger-Muller counters. Channel "2 is a plastic
scintillator.

3.2.1 Geiger Tube Calibration
Channels 1 ,n~ 3.consist of two Anton 302 Geiger tubes. These tubes have
reasonably isotropic response. The geol1letry factor varies with energy and is
~fven in Figure 3-1. An average efficiency factor for these detectors can be
developed using the same equations as" in Section 2.
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Figure 3-1. Response Curves of the Explorer IV Geiger Counters



J""G1(E) feE) dE
lr =0 (18)

1 rf(E) dE
E1

where &i is the average efficiency for converting counts to the electron
flux, F (E > Ei,. greater than energy El • G, (E) is the energy dependent
geometry factor (Figure J-l); feE) is the d4fferential fission spectrum (see
Equation 7). Thus

F (E > Ei )
Ci.-
~i

(19)

where Ci is the counts/sec. The pertinent constants are g1ven in Table 3-1.

Table 3-1
AVERAGE EXPLORER IV GEOMETRY FACTOR

I
Channel No. E; ~.

1

1 6.2 MeV 5.1
3 3.0 MeV 5.1

The geometry factor for Channel 3. the 3 MeV channel was verified by comparing
Uata obtained before the Teak burst against the predictions of the Vette
environments. To facilitate this comparison. an is~intenslty contour plot of
the Explorer IV calculated electron fluxes was prepared in B, l space (see
Figure 3-2). Table 3-2 lists these fluxes as well as the associated raw
counts from the Explorer IV data and the counts that would be obtained 1f the
Explorer [V detector were flown through the Vette AE-5 environment (i.e•• the
calibration curves were folded into the AE-5 flux model). The two count rates
do not agree! Thus Explorer IV should not be useq to determfne the natural
electron fluxes. Ther~fore an attempt was made to see if protons can account
for the observed count rate. The average geometry factor using the technique
in Equation 18 for AP 8 pr~ton spectrum gives an average geometry factor for
protons of about~ 3. When this proto" geometry factor is used one gets the
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figure 3-Z. MeV Iso-Intensity Electron Flu~ Contours tn the Natural Electron Environment as determined
from the Explorer IV Calibration. NOTE: The~e contours are not correct since Explorer IV
measurements are heavily proton contaminated.
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proton counts in Table 3-2. From Table 3-2 it is apparent that the Explorer
coun, rate in the absence of a nuclear-burst-lnduced flux is produced
primarily by protons. Thus the natural electron flux values shown in Figure
3-2 and-Table 3-2 are not correct; they are heavily proton contaminated.
Since the Vette Protons can account for the observed count rate, we believe
that the calibration of Explorer IV is correct.

A similar comparison for the 6.2 MeV channel was not possible because the
count rates were too low. However, since the tWQ detectors are similar. no
special problems are expected.

Table 3-2

VERIFICATION OF CHANNEL ~ CALIBRATION

L 8 Explorer IV Explorer IV Counts from Counts from
Flux Counts Vette Electrons Vette Protons

1.3 .18 1.3 x 104 2500 39 2000

1.4 .18 i.5 x 104 2900 235 2300

1.5 .16 3 x 104 5800 400 3000

1.6 .16 1.3 x 104 2500 680 ZOOO

1.6 .12 2.7 x 104 5300 390 4000

1.7 .16 9 x 103 1800 39 1300

3.2.2 Calibration of Plastic Scintillator
The plastic scintillator is a directional instrument and was strongly affected
by the tumble of the spacecraft. The theses of Paikeday (Reference 4) and
Manson (Reference 3) ~ork out in great detail how the observed counts were to
be converted to true counts and how these true counts were then converted to
omn1directiohal flux because of its complexity. No attempt is made to
reproduce any portion of this work here. Using the numbers from the
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pUblication~ (References 3 and 4) and verifying these by checking against
published results, this relat~onship follows:

C
r~RUE = 349 obs
-I 1 - '{ Cobs

( 20)

where CTRUE is the true ornnidirectional count rate, Cobs is the observed
directional count rate and T is the dead time (91 IIsec). Figures 3-3 and
3-4 from the pUblication verify this conversion. To convert the true count
rate to omnidirectional electrons/cm2/sec greater than 700 keV, the
following relation~hip (Reference 5) was used

F (E > 700 keV) ~ 28 CTRUE (21 )

As in the case of Channel 3, the Explorer IV measured electron fluxes (the
maximum fluxes from the data tape were used) are compared with the fluxes from
the Vette environment. Figure 3-5 is an iso-intensity contour plot in 8-L
space. Values from this contour plot are used to construct the comparison
table (Table 3-3). Protons are not an important contribution to the 700-keV
channel count rate. The comparison between the Explorer IV determined fluxes
and the Vette inner zone fluxes shows a reasonable agreement indicating that
our understanding of the conversion from observed counts on the data tape to
isotropic fluxes is correct.

Table 3-3

700 keY ELECTRON COMPARISONS

L B Explorer IV Vette Electron
Fluxes Environment

1.4 0.18 1.5 x 105 2 x 105

1.4 0.14 3 x 105 5 )( 105

1.6 0.14 1.5 x 105 1.8 x 105

1.5 0.13 2 x 105 3 x 105
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3.3 Data Analysis
The data analysis of the Explorer IV satellite can be broken into two very
distinct phases. The Teak and Orange data analysis used the NSSDC data tape
and the Argus analysis used the declassified plots of the University of Iowa
report (1959).

3.3.1 Teak and Orange Data Anal~i1

The NSSDC data tape gave the data for omnidirectional counts for Channels 1
and 3 and the maximum t minimum and average directional count rates for Channel
2. The conversion of the omnidirectional data to fluxes was straightforward.
The counts were dead time corrected and then multiplied by I/G to give
el~~~ons/cm2/sec. The directional maximum counts from Channel 2 were dead

time corrected and mUltiplied by the factor 349 to give the true counts/sec.
Several passes were compared to the pUblished data. Figure 3-6 shows a
typical pass for Teak.

The above data analysis from the tape presented no problems. Plots for
Channels 2 and 3 were made versus L for all value~ of B. Figures 3-7 through
3-10 show the flux distributions for 700 keV and 3 MeV electrons during
non-burst conditions before each of the bursts. Figures 3-11 and 3-12 show
the flux distributions after the Orange burst and Figures 3-13 and 3-14 show
the flux distribution after the Teak burst. From these figures it is apparent
most of the data points for both Teak and Orange are well above background.
For Orange the flux is either due to Orange or too low to measure, and thus
for Orange the background fluxes were set to zero. For Teak the background in
most cases was Quite small; however. background values were entered into the
computer if the fluxes were near the natural background levels. This
background consisted primarily of protons for the 3 MeV channel and natural
electrons for the 700 keV channel.

3.3.2 Argus Data Analysis
The Argus data analysis consisted of analyzing the graphs from Referenc~ 6.
These graph~ contained the true count rates for the 3 MeV and the 6.2 MeV
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Figure 3-9. Explorer 4 Channel 2 Flux Versus L for Pre-Teak Days
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detector. Many of the graphs also contained the background levels. If the
background levels were not available, the background level was added to the
graph using the tabulated background at the peak as a data point. Figure 3-15
is an example of a tabulated summary from the report which lists the pertinent
flux levels for a given Argus shell crossing. Figures 3-16 and 3-17 give an
example of the working data set.

Points from the graph were digitized using a Tektronix 4956 digitizing tablet
and a Tektronix 4051 stand-alone computer. A cassette tape containing time
and true count rates was made for each graph. The contents of this tape were
then read directly into the AFWL computer using the 4051 in the terminal mode.

The above described d1gitization procedure produced only counts versus time.
The plots did not have any position information. The University cf Iowa
report also contained several tables listing the altitude. latitude. longitude
and time of the center of each shell crossing. The AFWL Environments Section
(NYTCE) used these coordinate positions along with the known orbital
parameters of Explorer IV to regenerate an ephemeris for E~plorer IV. The
ephemeris was forced to match at each shell crossing coordinate point. Thus
B-L coordinates were made available as a function of time in the vicinity of
each Argus shell crossing. These reconstructed B-L values were merged with
the digitized data set. The final data tape was then produced with relative
ease.

3.4 Error Analysis
Error analysts of the Explorer IV data presented nO special problems.
Statistical errors for the data set presented no special problems. On the
tape as well as on the graph, the d~ta were given ~s counts/sec. This was
converted to counts per sample in order to evaluate the statistical error.
The largest error of the experiment is the conversion of the directional
counts for Channel 2 to omnidirectional fluxes. This can be highly dependent
on the pitch angle distribution. Channel 2 was only used for Teak and Orange
(no channel 2 Argus data was found) and for that time period extensive work by
Manson and Paikeday (References 3 and 4) adequately evaluated the pitch angle
distributions. The conversion to isotropic fluxes used the factors developed
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during their analysis. It is est1mated that the error in this conversion is
no worse than 50 percent. Since res~onse of the detector as a function of
energy is not given it is not possible to evaluate sensitivity to the shape of
the electron spectrum. Thus it was difficult to evaluate the error in the
calibration of Channel 2. A 30 percent value was assumed.

Channels 1 and 3 are isotropic and the only errors are errors in calibration
and statistics and a possible bremsstrahlung contamination. Calibration
uncertainties were evaluated by varying the energy dependent geometry factor
and the shape of the electron spectrum. Changes of 30-40 percent 1n the
calibration factors were possible using reasonable changes in geometry factor
and energy ~pectrum. The bremsstrahlung effect was impossible to estimate •.
It is expected to be small for Channel 3. However, the 6.2 MeV channel may be
influenced by bremsstr~hlung. A simple calculation is close enough to
indicate that a problem is possible. Full evaluation of any bremsstrahlung
effect would require a full mock-up of Explorer IV and a complex computer ~un

using electron and X-ray transport in matter. This was outside the scope of
this effo~t. If bremsstrahlung effects were present, the flux above 6.2 MeV
would be overestimated. The ratio of the channel 3 MeV channel to the 6.2 MeV
channel is consistent with a fission spectrum. Thus bremsstrahlung effects,
if they exist, are probably sma1'.

Background errors for Teak.and Orange as well as Argus a~e very small. The
effect of the burst is localized in space and limited in time and an excellent
background evaluation can be made from adjacent data values. The error in the
background is typically no worse than 10 percent and almost always better than
20 percent. The statistical flux error is Es • M2 ,tr02 ' where MZ
is the multiplier to convert counts/sample to flux and N02 are the data
~ounts in channel 2. The error equations used in this analysis were

for Channel 2

(22 )
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where ET2 is the flux error, F2 is the channel 2 flux, and FS2 is the
Channel 2 baekg~ou~d flux.

for Channels 1 and 3

(23)

The definition of variables 15. the same as above. "except
1 or 3.
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Section 4
TELSTAR PROGRAM

The work with the TELSTAR data was the turning point in the analysis program.
Initial attempts to work with the published data sets and rectify some of the
known problems with the TELSTAR data were complicated by the lacK of
sufficient data in the published literature. The Bell Telephone Laboratory
(BTL) data tapes were ordered from NSSDC (NSSDC tape No. 62-029-01A). These
tapes were written in a BTL packed format generated on an IBM computer.
Although decoding the tapes \IIolJld involve the development of a very
complicated assembly language computer program. the discrepancies between the
published TELSTAR data and some of the other experiments could not be resolved
without use of the data tapes. The analysis proved to be more complex than
initially expected. However, the identification of a proton contamination
(not reported in any of the literature) is believed to have been well worth
the additional effort. It 1s now believed that the TELSTAR data is reasonably
consistent with the other data sets.

4.1 Experiment Descriptiun
The experiment is very well described 1n the BTL journal (Reference B) and a
large number of other published reports. A short summary is reproduced below
from Reference 8.

tiThe BTL electron detector ;s lIIOunted so that it protrudes through the
satellite skin and looks out perpendicular to the sp)n axis. Particles are
accepted 1n a cone having an angle of 20 degrees with an 8Z-m1l-diameter
aperture immediately in front of the junction detector can. The deposition of
energy by electrons in the sensitive volume of the detector is much less
clearly related to the actual particle energy than is the case for protons. A
600-keV electron may leave all its energy in a sensitive volume 0.43 mm thick

B. Brown. W. L•• Buck. T. M•• Medford. L. V' t Thomas. E. W•• Gummel. H. K••
Miller, G. L. t Smits t F. M•• The Spacecraft Radiation Experiments. ~
Bell System Technica I Journ~. 42. 899--942. 1963.

59



EFFICIENCY

o.2U o.e OJJ 1 1.2 SA
ELECTRON ENERGY MEV

.. LEGEND
a = CHANNEL 1

ef~ Q' =CHANNEL 2

r A == CHANNEL 3
+,:::·CHANNEL 4

~ "'"".., \I \

• \
I \

b2s
-

'" -~,
'-- ~

./
....
~............ '"1/''''\..

_..~~
~'"...

~.... .....
J 5

.....
I ....

~~---- r--......
• -. to-

1

o
o

0.8

>-e
tJ 0.8Z
~......

en CJ
0 s: (W

a:z..
~

0.2

Figure 4-1. Efficiency Versus Energy for the Telstar Detectors



(the thickness of the electron detector on the Telstar satellite); it may back
scatter in the first fraction of this thickness and leave only a small part of
its total energy; or it may penetrate entirely and leave less than all its
energy to be detected. By examining the distribution of pulse heights
produced in the detector, only a rough evaluation of the spectrum of incident
electrons can be obtained. since the spectrum must be unfolded from the
distribution of pulse heights produced by monoenergetic particle groups. The
probability that an electron of more· than 1 MeV will leave all its energy in
the sensitive detector thickness is very small. Such electrons can be
detected by the lower energy pulses they produce. but their energy cannot be
directly deduced.

In the Telstar electron detector. particle pulses are sorted into four ·pu1se
height channels: 180-2BO, "285-440. 390-615, and 635-900 keV. The bottom
edges of these channels correspond to 215. 315. 420. and 660 keV, taking into
account the energy lost by electrons in penetrating the O.3-mil detector can
windoW and an additional 1.6-mil aluminum absorber used to remove protons of
less than 2.3 MeV. Pulses from two of the four channels are fed to the 14-bit
telemetry register for three seconds each in every other telemetry frame. The
second pair of channels, produced by a change in amplifier gain, is measured
in the alternate frames.

The efficiency of each of the four channels for counting electrons up to
approximately 1 MeV is illustrated Figure 4-1. Each channel starts abruptly
as the energy reQuirement of the channel is met. but retains a substantial
efficiency at electron energies above the upper pulse height limit of the
channel.

The electron detector is potentially susceptible to background problems from
protons. The addition of the 1.6-mil aluminum absorber eliminates the problem
for very low energy protons. In addition. the top pulse height channel is"
closed. Pulses in excess of 990 keY will not be counted. To be recorded,
protons m~st have energies greater than 2.4 MeV to penetrate the entrance
window and leave at least 180 keY in the detector. but energy less than
2.7 MeV. so they do not leave more than 990 keY (a shield that stops Z.3-MeV
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protons will extract less than 2.3 MeV from Z.7-MeV protons). This very
narrow energy range for proton acceptance makes the proton contribution to the
counting rate small except when the electron flux nears the minimum values
that it has in the Telstar satellite's portion of space.

Direct calibration of the particle detectors was carried out with electrons
from a l-MeV Van de Graaff generator and also with 17-MeV protons from the
Princeton cyclotron (these calibrations wer~ carried out with the kind
cooperation of Professor R. Scheer of the Princeton University Physics
Department).

Detector noise is an extremely important characteristic of the junction
detector, particularly in the case of the electron detector, where pulses
corresponding to particle energy losses in the-detector of less than 200 keY
are to be measured. Spurious noise-pulses which even approach this threshold
level are serious because of the distortion they produce in the pulse height .
distribution. The noise in low-noise devices can be examined most easily. not
in terms of the probability of findinq a spurious pulse equivalent to 200 keV,
but as a broadening in the distribution of pulse heights produced in respon~e

to a series of uniform electrical pulses artificially introduced in the
detector. The full width at half height of this puls~ height distribution is
measured and expressed in terms of an equivalent particle energy. Such noise
linewidth measurements were obtained in all detectors under standard
conditions, and in a number of cases Whole sequences of noise measurements
were ~ade through a series of enVironmental tests."

4.2 Telstar Calibration
The Tels~ar calibration used in the literature converts the counts to total
fission·e1ectrons greater than 0 keV. The Te1star experiment was designed to
study electrons in discrete energy bands; however, this capability was not
used very much in the literature. This lack of use.of Telstar to determine
the spect~um of the observed electron fluxes led us to a complete review of
the Te1star calibration. It is this review that ultimately determined the
proton contribution to the higher energy Telstar channels.
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The Telstar electron detector was designed as a differential instrument. The
characteristics of the instrument were adequately described in Reference 8.
Of principal interest in this publication is the response of the detector to
electrons of differing energies. Figure 4-1 shows the efficiency of the solid
state detector to electrons of differing energies. The most noteworthy aspect
of these curves is that, although Channels 1, ·land 3 have an enhanced
response over a limited energy band, there ·is a large response at much hi~ler

energies. To check the effect of this high energy tail in the efficiency
curve, the response functions were folded into a fission spectrum, f(E) a

e-l •1 E. The counts seen by the I-MeV detector at the various energies when
exposed to a fission spectrum is shown in Figure 4-2. Figure 4-3 is the
integral of Figure 4-2. This integral curve shows the counts in the various
channels due to electrons having an energy less than E. The low energy, high
response region of Channel 1 accounts for less than 25 percent of the observed
total count rate. This indicates that the Telstar detector is not a very good
differential instrument, and that although it does have an enhanced low energy
efficiency. its response to high energy electrons dominates the total count
rate.

Various schemes were attempted at this ti~e to remove the nigh energy tail of
this response function and create a detector response that is limited to the
specified energy. Since the response of Channel 4 looked similar to the high
energy tail, various percentages of Channel 4 were subtracted from Channels 1,
2 and 3 in order to make the response of the detectors more specific.
Although tnis effort made the response functions look more like true
differential detectors, this technique produced spectra which were
inconsistent and could not be interpreted (the correction was too energy
dependent) •

It was finally decided that although BTL had declared the detector response
differential, its response in the presence of a fission spectrum made it
appear to !,ave an integral response. Thus the entire BIl cal ibration was
reworked beginning w1th the published response curves (Figure 4-1). Figure
4-1 gives the efficiency as a function of energy for the four detectors. The
counts/sec measured by the instrument's ith channel can be written as
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where C; is the counts/sec of the ith channel. G is the geometry factor of
the f\xed acceptance cone, £i{E) is the energy dependent efficiency curve.
feE) is the electron spectrum in electrons/cm2/sec/keV.

The 1ntegral flux, the flux of electron above some energy E; is g~ven by.

F {E Ei ) =.{... f(E} dE
,

(25)

To'simplify the conversion of counts/sec to integral flu~. we need to deter­
mine an average eff1cien~ywgeometry factor such that

c.. ,
G&1 = --""---­

F (E :> E1)

G~ E1(E)f(E} dE.--E _

1'" f(E) dE
E1
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The above integrals were initially evaluated using the fission spectrum.
However the resultant Gi £i produced spectra steeper than the fission

spectra. Thus the Gi &i were reevaluated using a spectrum of the form
e- l .6E and the resultant G; ;i were used to determine the integral flux as
seen by Telstar.

These integral efficiencies were applied to a large body of Telstar data and
provided results that were totally inconsistent with reality. The results
obtained gave an integral spectrum with a positive slope (Figure 4-4).
Channel 4 was consistently higher than Channel 3 and Channel 3 occasionally
was higher than Channel 2. An integral spectrum must have a negative slope.
Considerable effort was expended at this point checking the calculations and

reevaluating the efficiency values for many differing exponential and power

law spectra. Nothing helped very much. The spectra continued to have a
positive slope. We began to doubt our ability to decode the tapes properly
and the validity of treating Telstar as an integral detector.

At this point it was noticed that the positive slopes were worse at later
times. times much past Starfish and worse at larger L's. This began to
suggest that. many claims to the contrary. Telstar was responding to
something other than electrons. The first effort evaluated the Telstar
response to bremsstrahlung. This was a very crude back of the envelope
exercise but it proved that Telstar did not have a bremsstrahlung problem.

The BTL journal states that the Telstar detector ;s sensitive to protons only
in the range of 2.3-2.7 MeV and that the number of protons ;n this range is
insufficient to produce any contamination of the observed count rate.
However. the Vette AP8 environment was used to determine the number of protons
in the specified energy range; thi~ was then combined with detector size and
geometry factor and was found to produce counts comparable to the observed
count rate in the vicinity of L = 2. The result w~s checked many times and in

each case gave the same answer, the Telstar channels 3 and 4 were responding
to protons. Since the exact response to protons is obviously not available,
the exact proton correction was difficult to determine. The proton ~pectrum

between 2.3-2.7 MeV is flat to within 15 percent (i.e., the change tn
intensity over SUCh a small energy interval is small). Thus an energy
i·ndependent proton flux was used on one side of an absorber such that the
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protons had a residual energy of 0.4-1.0 MeV after passing through the
absorDer (the amount of energy required to trip the channel 3 and channel 4

discriminators). The proton energy distribution on the other side of the
absorber was increased and the residual calculated. This crude hand
calculation determined that the proton contamination to channels 3 and 4 were
very similar in magnitude.

The proton correction was implemented by entering the APB 2 MeV-proton curves
into" the computer and using a linear interpolation routine to evaluate the
2-MeV flux values at a given Band L. Figure 4-5a and 4-5b are copies of the
AP8 curves used to evaluate the proton background. The AP-8 curves gives B
and L a dependence of the proton flux. The geometric conversion factor for
protons could not be calculated. However. since there were places later in
the post Starfish period when the proton contamination accounted for over 90

percent of the channel 4 count rate. the proton geometry factor could be

experimentally determined. The 'factor for converting the 2 MeV AP-8 fiux
curves to proton counts was found to be ~ Z.O. Multiplying the Vette APB 2
MeV protons/cm2/secby the factor 2 produced a cor~ect1on to the Telstar
counts such that the integral spectrum (derived using the newly determined
integral response values). gave consistent results (negative slope) over all B
and L space.

This proton correction has been applied to all Telstar results. The Telstar

proton effect is strongly believed to account for many of the discrepancies in
the literature.

The calibration constants which were used to convert countsf.sec to flux
greater than the specified energy are given in the Table 4-1 below.
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Table 4-1

TELSTAR EFFICIENCY VALUES

Channel Energy 1

Number G~

1 220 keY 7.3 x 103

2 320 keY 6.6 x 103

3 420 keY 6.5 x 103

4 660 keY 1.3 x 104

4.3 Telstar Data Analysis
Initial work using published data was unable to prQduce the integral flux
value~ required by AFWL. Telstar was the first data set ordered from the
NSSDC to try.to improve the data results. As indicated in the last section,
considerable difficulties· were encountered due to proton ~ontam;nation. The
proton contamination would not have been discovered if only published results
were used.

The Telstar data tapes were written in IBM packed format and an assem~ly

language program fo~ the CDC Cyber computers was developed to read the tape.
After the tapes were finally read and converted to CDC useable numbers. the
published geometry and correction factors were appl.ied and cGmParisons between
tape derived data and the published data sets were attempted. This
unfortunately was not a simple task. Initially there was some confusion as to
the meaning of the geometry and solid angle factors but after ~everal weeks it
was still impossible to rectify published and calculated data. Finally.
iso-intensity contour plots in B. L space covering the same time interval as
iso-intensity contour plots in the literature were generated. It was assumed
that both the channel identification as well as the calibration information
was unknown. This technique solved the mystery. The four channels had
different B. L behavior. and the B, L dependence between the tape data and the
published data could be matched within a uniform multiplier only if the
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channel identifications were reversed from the tape documentation. The tape
recorded data contained a bit indicating high and low amplifier bias. If the
sense of this oit was changed, th~ 8, L dependence matched the published data
within a multiplicative constant. This multiplicative constant was calculated
and found to agree with the published geometry factor.

Earlier attempts had been made to reverse the channel identification but these
always lead to positive slope 1ntegral spectra, and thus were ruled out. The
existence of two unknown problems complicated the analysis task and. consurned a
great deal of effort and time.

Once the channel identifications were unambiguously defined, the data set was
ready for processing. If tne data quality control bit (contained on the NSSOC
tape) was used, random noise was not a problem. The positive integral spectra
discovered earlier became a fact of life. The discovery and removal of the
proton contamination described in the last section was then implemented for
all of the data. An intermediate tape containing time. 8. L, look direction
and data were generated.

4.4 Background Evaluation
for the Starfish burst, the most important background source was the above
described proton contam1nation~ The electron fluxes observed by Telstar were
well above what 1s now our current understanding of the natural flux electron
levels. The only exception to this may have been during the first few hours
of Telstar. before a complete electron rearrangement took place. In this case
the natural electroi. flux is the background level.

The channels 1 and 2 background levels are set to zero. The proton flux
contamination for channels 1 and 2 is smaller than the uncertainty in
determining the proton effects and thus the background was set to zero for
these channels prior to the Russian event. The Channels 3 and 4 background
prior to the Russian burst was set to the AP8 proton determined levels.
(Figures 4-5a and 4-5b show the AP8 curves used for this analysis.)
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To isolate the effects of the Russian bursts from the Starfish burst, the
uncorrected (not corrected for protons) Telstar data for days 285-294 were fit
with a polynomial in Band L. The polynomial defined the Telstar background
just prior to the Russian bursts. This background includes the effect of the
protons as well as the Telstar electron effect. Figures 4-6 and 4-7 show the
Telstar data just before and after the Russian I burst. A separate attempt
was made to fit the proton corrected data and subtract the proton and Starfish
data as separate functions. It was found that the single correction (a fit to
proton plus Starfish) produced a muen more consistent data base. Therefore
the discrete (proton separate from Starfish correction) was abandoned. Two
separate data tapes were generated for Telstar. The first is a proton
corrected data tape for the- Starfish event; the second is a tape of the
Russian series with the Starfish and the proton background removed.

4.5 ·Error Analysis
The.basic errors for the Telstar data are: statistics, uncertainty in the
.calibration, uncertainty in the background. and conversi~n to isotropic flux.

The Telstar detector was designed to be a differential instrument. Howe~~r~

sensitivity to high energy electrons permitted its use as an ~ntegral

instrument. Its non-uniform response over the large energy range can
introduce substantial possibilities for error. The efficiency factors were
strongly dependent on the electron spectra. Small inaccuracies in the
efficiency curves~ especially in extending the curves to energies beyond the
published energy values, can also introduce errors. It is estimated that
these effects can introduce a deterministic (i.e., they can affect all of the
data for a given channel the same way) error of approximately a factor of 2.

The statistical error is given s1mply as the square root of the number of
counts/sample. Additional errors such as converSlon from the spin-averaged
isotrop1c fluxes, to the true isotropic fluxes, errors in orbit, etc., are
quite small and are less than 30 percent. Chang~ng the proton background ~p

by 30 percent produces negative flux values over a sub~tantial space region
and decreasing the proton contribution by 30 percent produces a substantial
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region where the fluxes cause an int~9ral spectrum with a positive slope. For
the Russian burst, the root means square (rms) error of the least squares fit
was approximately 40 percent.

ThuS the total random error for the Telstar count rate is

(27)

( 28)

( 29)

(30)

where NO is the counts/sample, NS is the background counts t and ET is
the total count~ rate error, ED is the deterministic error in the channel to
channel calibration and EB is the uncertainty in the background flux.

The deterministic error was not included in the error specified with each data
point. The user of the data tape is reminded at the start of the tape that an
additional factor-of-two error might apply.
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Section 5

EXPLORER xv

Explorer XV was launched just before the Russian II burst. Explorer XV

contained a number of instruments designed to measure the effects of the
Starfish burst. The spacecraft contained two separate instruments for
measuring electrons. One was a BTL instrument measuring electrons in three
different energy ranges. and the other an instrument by C. McIlwain measuring
electrons in a single energy. The initial analysis was started using the BTL
initrumentation because it contained three different energy intervals and. .
more importantly. many of the data reduction programs developed for the
Telstar analysis effort could be used. The t~pe read program is usually the
most complicated part of the analysis effort. For the BTL Explorer xv
experiment, the assembly language program developed for Telstar could be used

with only ~inor thanges.

5.1 Explorer XV Experiment Descriptitn
The best description of the Explorer XV instrumentation was given in the Final
Report on the BTL Experiments on Explorer XV (Reference 9). The partinent
information is reprOduced here.

NThe particle experimentS were designed to measure the distribution of
electrons in the trapped radiation belts with good spatial and time resolution
and to provide information on the spectral characteristics and angular
distribution of these particles. The primary intent was to study the
injection of new electrons into the trapping region by high altitude nuclear
explosions and the subsequent disappearance of these particles by atmospheric
scattering and other loss mechanisms. Explorer xv was ~aunched on October 27.
1962, three and one-hatf months after the U.S. Starfish nuclear test in the

9. Documentation of the BTL Satellite Data Tapes, Bell Telephone Laboratories,
Murray All', N.J.
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Pacific and five days after a hign altitude nuclear test by the Soviet Union
on October 22. On October 28, a few hours after launch, the satellite
observed the addition of new particJes as a result of a second Soviet high
altitude test. Four days later, on November 1. it detected electrons from the
third test in the Soviet series. There were thus opportunities to observe
transient phenomena associatea with impulsive injections of particles at
widely different phases of their time history. With its apogee at about 4
earth radii, in the outer Van Allen electron belt. Explorer XV was able to
measure the natural fluctuations in tHe properties of that particle
population. It was also possible to carry out measurements on relatively low
energy protons whose distribution in space had not previously been determined.

All of the particle experiments by Bell Laboratories on Explorer XV made use
of semiconductor p-n junction detectors as their particle-sensitive elements.
The ~-n junction region of the detector contains a high ~lectrfc field
developed by an applied bias potential. This region is a so1id state,
ionization chamber in which holes and electrons created by a high energy
charged particle are collected and produce an output pulse. Holes and
electrons are ;enerated in silicon in proportfon to the energy lost by
incident-particles. Thus the output pulse of charge is in magnitude
proportional to the am9unt of energy the partfcle loses in the active. field
containing region of the device. This region is disc shaped in the device.
about 2.6 mm in diameter and. at lOO-volt bias. about .4 mm thick. By making
use of the different enargy loss characteristics of electrons and protons and
by changing the thickness of the active region by a cha~qe in bias. i~ is
possible to distinguish electrons and 'protons' f~om Olle another in this type of
device. These detectors have output pulse rise times of less than .2 ~sec.

As a result. they can readily be used to stUdy the particle distribution in
the high intensity regions of the inner and outer Van Allen belts.

Particles are intended to reach the detector througn an aperture 2 mm in
diameter in the lid of the can. This aperture is covered with a 0.3 mil Koval
diapnragm which completes the vacuum tight encapsulation of the device to
avoid changes in its surface. This window a~so serves the important function
of excluding light and very low energy particles which ar~ heaviiy damaging to
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semiconductor devices. In the detectors of Explorer XV, additional absorbers
are added in front of the Koval window to make the minimum mass thickness seen
by the particles approximately 20 mqlcm2•

The experiments ut;lize six detectors of the type descr1bed above, rnounted in
different arra~gements of shielding and prv~lQed with different thicknesses of
abso~ber for measurements of electrons of different energies. Table 5-1 lists
the detectors, their approximate threshold energies, their angular acceptance
and their effective geometrical factors. For all six detectors a pulse height
discrimination level of 'approximately 0.4 MeV has been established. Detector

·A is unique in having a second discrimination level set at 2.7 MeV. The
effective geometrical factors given in Table 5-1 apply at a detector bias of
100 volts where the det~· ors have an active thickness of about 0.4
millimeters. The devices are' also supplied a 5 volt bias in part of the
experiment. At th1s lower value. the active thickness is reduced to
approximately .12 mil1ime~ers. This change reduces the electron detection
efficiency by a factor of approximtely 100 because of the low probability that
an electron will leave at least 0.4 MeV 1" such a thin active region. The
detection efficiency for low energy proto~s 1s es~entia11y unaffected. By
comparing the counting rates at 100 vnlts and 5 volts bias, the proton 'and. .

electron components of the counting rate can be separated•. For the output
channel E4 with its high d1scrimination level, the detection efficiency for
e~ec.trons is extreme1) !>mall ;snd the detector counts onl~' low energy protons. 11

5.2 Calibration
The Explorer XV calibration was adequately described in the BTL document. A
brief summary of this calibration is given below.

5.2.1 Calibration of 0.5 MeV Channel
The detection characteristics of this detector have been measured with a
Sr90 beta ~uurce and with monoenergetic electrons up to Z MeV. The angular
response of the detector is shown in Figure 5-1 with the 5r90 source.
Measurements were mdde w1t~ essentially point source geometry. The detector
i~ dis~ldced behind the truncated end of the entrance cene of the shielding
block in order to ~educe the probability of elect~on scatter into the
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Table 5-1

EXPLORER XV INSTRUMENT SUMMARV

Effective
Pulse Threshold Math. Geometrical

Height Energies Ful1 Geometrica1 Factor
Oiscrim. Absor~r Electrons Protons Angular ~actor for Electrons

Detector Channel MeVt J/cm MeV MeV Aperture cm ster. cm2 ster.-_o-
r. E1 0.408 0.020 0.5 £:.1 20" -3 -42.9 x 10 6.5 ;t. 10

E4 2.7 0.020 2.8 4.0 20" -32.9 x 10

B E2 0.411 0.42 1.9 15 2lf (200
) :1<2.9 x 10-3 5.5 x 10-4

C £3 0.408 0.84 2.9 22 2lf (30") "*"6.5 x 10-3 -4-9 x 10
~

2 x 10-1
D £5 0.402 6.3 background 4lf

£6 0.410 0.020 0.5 2.1 10° -4 1.6 x 10-4£ 4.7 x 10

£1 0.413 0.41 1.9 15 14° -4 • -4
F 9.4 x 10 -1.5 x 10

*ASSUffilOg uniform scattering over 2n solid angle for electrons penetrating a hemispherical dome.

'tEnergy equivalent of charge ?ulse required by the discriminator.



-go t-+---+--r

Figure 5-1. Angular Response of 0.5 MeV Channel
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detector. The sharpness of the cutoff in the detector resp~nse near 10°,
the geometrical edge of the detector aperture. indicates the success of this
design.

Figure 5-2 shows the geometrical factor of the detector for monoenergetic
electrons. For energies up to one MeV. an electron Van deGraaf at BTL, Murray
Hill, wa~ used in these measurements, and for the higher energies, a Van
deGraaf at MIT. The detector's effective geometrical factor rises steeply at
about 0.5 MeV as electrons succeed in penetrating a 20 mg/cm2 entrance
window and satisfying the O.4-MeY pulse height reQuireme~t of the
discriminator. The mathematical geometrical factor given in Table 5-1 is
approximately 29 x 10-4 cm2 steradian. Thus the peak efficiency of the·
detector, which occurs at an energy of about 1.7 MeV is between 35 and 40
percent. The active thickness of the silicon p-n proton detector is 0.37 mm
and a minimum ionizing electron will, on the average. lose only about 0.15 MeV,
in passing through it. The discriminator level was set considerably higher
than this to avoid possible problems of discrimination. Thus the detector
efficiency runs through.a maximum for electrons that stop with high
probability in the active thickness and slowly increases toward higher energy
as the mean energy loss drops below the discrimination level.

The energy dependent geometry efficiency factors were ~olded into a fission
spectrum as described in Section 4.2 and an overall effective average geometry
factor for isotropic fission electrons was determined.

(Q

J f G(E) f(E,1') dE dH
4. a

CD

) f f(E, n) dE d~
4. 0

( 31)

where G(E) is the energy dependent geometry efficiency factor in
cm2-st~radians. f(E) is the fission flux in electrons/cm2/sec/ster/keV,
and G is average geometry-efficiency factor for converting flux greater than
0.5 MeV to counts/second.
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5.2.2 Calibration of the 1.9 MeV Channel
The angular response of this detector is shown in Figure 5-3 as measured with
a'Sr90 source. This detector depends on the properties of the trace
scattering disc for its wide angle characteristics. The curve 1/2 (1 + cos 9)

shown on the figure 1s the response th~t would be obtained if the electrons
were isotropical1y distributed in angle when they penetrated a truly
hemispherical disc. The actual disc ·is elongated to compensate for the
incompleteness of the scattering: but th~ netettor 1~ nonethc~cs~ u.factor of
approximately 2 down 1n response at 90°. From the standpoint of measuring
an'omnidirectional flux by averaging the counting rate of this detector as the
satellite rotates around its spin axis. this discrepancy is undetectable.

Figure 5-4 sho.,.s the effective geometrical factor for monoenergetic electrons
up to 2.8 HeV. The brass dome, 0.42 g/cm2 in thickness, broadens the rise
of the detector response because of the statistical variability of electron
energy loss in penetrating the dome. It was oot feasible to extend the
measurements above 3 MeV and the dashed line is a reasonable extrapolation to
higher energies. Because of the variability of the electron energy loss in
this relatively thick absorber, it is likely that the curve will come down at
high energies only very slowly if at all.

The effective ave,'age efficiency geometry factor to convert total isotropic
flux above 1.9 MeV to counts/sec was determined in the same manner as for the
D.S-MeV detector.

5.2.3 Calibration of 2.9 MeV Dp.tecto~

This detector has a brass scattering dome 0.83 g/cm2 in thickness. This is
too thick to make measurem~nts with a Sr90 source and too thick even using
the high energy Van deGraaff to see more th~n the start of its energy
dependence. As a result, the geometrical factor and the equivalent threshold
energy for this detector have been estimated by dnalogue with the l.g-MeV
detector.
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500 keV and the 1.9 MeV Channel. Note the increase on day 301 due to Russian
II. Figure 5-9 shows the Russian III peak above the earlier detonations.

5.4 Error Analysis
The detectors for Explorer XV were similar to Telstar. The random errors were
more or less the same and the function used to evaluate the errors for
Explorer XV were the same as for Telstar. r~e reader is referred to Section
4.5 for the functions used to evaluate the errors. Since the Exp1or~r ~V

detectors were evaluated as integral detectors, it is estimated that the
factor of 2 deterministic ert'or which was applied to Telstar is much smaller
for Explorer XV.
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Section 6

ALOUETTE SATELLITE

The Alouette satellite contains a cluster of charged particle experiments that
were designed to measure electrons and protons in three different energy
intervals. The three detectors are summarized below.

6.1 Detector Description
Detector 1 is an Anton 302 Geiger counter whose omnid'irectional geometric
factor is 0.55 cm2 for particles capabl~ of p~netrating all of the
surrounding shielding material. The effective shielding consists of about 1.4

g/cm2 of medium Z material (Al and Fe) over about 2.4 steradians which
extend in a "quadrant" 1400 along the sate1l ite equator and from the equator
up to the spin axis. _The shielding is much greater over the remaining sol i d
angle. The minimum shfelding corresponds to approximately 50 percent
transmission for 3.9-MeV electrons.

Detector 2 consists of an Anton 223 thin-window (approximately 1.2 mg/cm2)
Geiger counter placed at the end of a cylindrical brass collimator which ;s
inclined 100 to the spin axis. The angular aperture of the collimator is
4.5°. For particles incident outside the angular opening of the collimator
the effective shielding is similar to that of detector 1. The minimum
shielding extends over a slice t 2000 in the equatorial plane and 350 above
the equator. and it is much greater over the remaining solid angle.

Detector 3 is similar to 2 except that a magnetic field of a few hundred gauss
is applied across the collimator in order to exclude electrons with energies
less than 250 keY. The angular aperture of the collimator is 6.60 and its

axis is in line with the satellite spin axis.
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Detectors 1 and 2 were designed to be omnidirectional. However, the fission
spectrum was much too hard (the number of electrons at high energies is too
great and more high electrons penetrate the shield than low er.ergies entering
the acceptance cone) and the primary response of the three Alouette detectors
were due to electrons penetrating the shielding surrounding the detectors.
All three detectors had a minimum shiel~in9 thickness of 1.4 g/cm2• This
shielping was inadequate and thus the primary response of the Alouette
detectors was to electrons having an energy greater than 3.9 MeV. Thus,
instead of having three detectors looking at three different ener~ies, the
.~louette detectors measured the same electrons with three different detectors.

6.1 Detector Calibration·
Very little calibration information is available for the· Alouette detectors
since they responded i.1 an anomalous manner. The pertinent response
characteristics are given in Table 6-1.

Table 6-1

PHVSICAL PROPERTIES OF ALOUETTE DETECTORS

Detector

1

2·

3

Geometry Minimum Solid Angle
51 ielding Over Minimum

(c~) (gm/cm2)
Shielding

(sr)

0.55 1.4 2.4

0.22 1.4 2.0

0.22 1.4 0.5

If an approximate response curve is folded into a fission spectrum and
allowances are made for detection efficiencies, then within the limits of
error which are larger than normal (since the response curves for electrons
penetrating the shield are not known), one can derive an approximate geon~try

factor that does not differ substantially from ~ ~ ~ (the area of the
detector times the solid angle uver which the minimum shield exists). Thus.
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in orde" to keep the analysis simple, the dead time corrected counts/sec were
multiplied by the factor 4n/roA. This factor was used to convert counts/sec
tJ the flux of electrons/cm2/sec greater than 3.9 MeV. This admittedly is
very crude; however, any other number could not be justified at this time.

The factors used for the three detectors are given in Table 6-2.

Table 6-2

AVERAGE GEOMETRY FACTORS FOR ALOUETTE

Channel

1

2

3

Energy

> 3.9 MeV

> 3.9 MeV

> 3.9 MeV

l/lr

9.52

28.56

114.24

6.3 Data Analysis
The Alouette tapes were easy to read since they were written in a BCD format.
The Alouette data set description was one of the few that unambiguously and
uniquely identified the channe'/s. The tape, howel'er, was not in time
sequence. Data from separ~te tracking stations were recorded on separate
files.

The initial data analysis effort stripped t,le pertinent information from the
tape and used the CDC SORT/MERGE r~utlnes to place the data in time sequence.

The first step in the datd analysis was to verify that the three detectors
were ;ndeed measurin9 identical electrons. figures 6-1 through 6-3 show the
flux of electrons gr~ater than 3.Q MeV oS measured by the thrp,e detectors.
The three results are very closet although on the average for Channel 3 reads
about a factor of 2 low. Detectors 1 and 2 exhibit special problems for
fluxes 1n excess of 105 • This 1s attributed to telemetry and data reduction
problems.
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15.4 Background
The background for the Russian series could easily be evaluated by fitting the
data prior to the Rus~ian I and the Russian II burst with least squares
functions in Band L. This fit removes any contamination due to Starfish,
natural electrons and protons. As with all other experiments up to this
point, this least sq~ares subtraction was very successful. Figures 6-4 to 6-6

show the pre-Russian fluxes. The solid curves represent the fit. Figures 6-7
through 6-9 show the background corrected Alouette flux complete with e~ror

bars.

6.5 Error Analysis
Since the calibration information in the literature was incomplete, error
analysis i; quite difficult. One of the best measures of the uncertainty of
the measurement is the variation between the three detectors. The difference
between the three detector sets 1s just over a factor of 2. Channel Z is
consistently high, Channel 3 consistently low. Unfortunately, it WdS

impossible to decide which of the detectors was correct. Thus there exists a
systematic error of at least a factor of 2 (this systematic error is ~ot

included on the data tape) for the entire data set. Errors due to statistics
and uncertainty in converting to isotropic fluxes on a point-to-point basis
were treated in the usual manner. In addition, a special error function was
introduced when the fluxes were larger than 105 for Channels 1 and 2. This
function increased the flux errors in the 105 to 106 range from a to an
order of magnitUde (i.e •• the error in the logarithm of the flux was zero at
loP and! 1 at 105).

The total random error. ET• then was given by

E ...... ~2 +- E2 +- E' + E2
T 5 c L B (32)

where Es is the statistical error, Ec is the uncertainty due to spectral
shape and conversion to isotropic flux (for Alouette this was set to 50
percent of the flux level); EL is the special large intensity error function
and EBis the background error, For Alouette, the background err~r is
approximately 40 percent of the background flux levels.
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Section 7

THE TRAAC SATELLITE

There is very little information or data ava11able for the Traac satellite.
Furthermore, only a very limite~ description of the in~trumentation exists.

7.1 Experiment Description
The Traac instrument consists of an Anton 302 Geiger counter with a geometric
factor of 0.75 cm? and subtends a solid angle of 3w steradians
(Reference 10). The shielding thickness is ~0.66 gfcm2•

7.2 Instrument Calibration
In Reference 11 there is a curve showing the response of the Traac detector to
the fission spectrum (see Figure 7-1). This figure shows that Traac responds
primarily to electrons above 1.5 MeV.

The geometric-efficiency factor can be calculated in two ways.
the above described geometrlc constants one can write

~ 3w * 0.75 U-6
~ • 4n ..~

First, using

(33)

A second method can be used to determine G: The Traac instrument waS exposed
to a fission spectrum and Hess 1963 and ot~ers report that Traac counts 18
percent of the total fission spectrum. This means that

10. Pieper, G. F., A Second Radiation Belt from the July 9, 1962, Nuclear
Detonation, Journal af Geophysical Research, 68, 651-655, 1963.

11. Hess, W. N., The Artificial Radiation Belt Made on July 9, 1962, Journal
of Geophysical Research. 68, 667-683, 1963.
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<:0

of G(E) i(E) dE
IX>

oj feE) dE

• 0.18 (34)

The fraction of the fission spectrum having an energy Eo > 1.5 MeV is given
by

IX>

. Eof feE) dE
co

off(E) dE
"" R (35)

This ratio was calculated ~y numerical means and was found to have the value
O.Z9S.(i.e., R = a.29B}. 8y definition one can write that

(I)

of G(E) feE) dE
ir "" co

J. feE) dE
Eo

SUbstitutions into the above equation give

CD

." 0.18 fa f(E) dE
lr "" a:>

0.298 fof(E) dE

0.18 0 6
z~ i3 •

110
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This nethod yields a result almost identical to the previous geometric

VOlues.

The value l = 1.66 was used so that
G

(38)

where C ;s the counts/second.

7.3 Oata Analysis
The data analysis was very primitive. It consisted of digitizing the almost
microscopic plots in Reference 10. These plots are given as the total fission
electrons/cm2/sec and thus the numbers scaled from the graph were multiplied
by 0.298 (see Equation 34} to convert for flux above 1.5 MeV. Figure 7-2 is

an example of the working data set. We were unable to locate any tapes or

other larger plots.

7.4 Background Analysis
No background evaluation~ were possible with such a limited, poorly defined
data set. Similar instruments on Alouette indicate that bremsstrahlung is not
a prOblem. Proton contamination was not evaluated for the Traac detector.

7.5 Error Analysis
The largest error in this effort was the result of digitizing these
exceptionally small graphs. The results are uncertain by at least a factor
of 7. The error on the data tape is set to zero.
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Sectlon 8

$TARAn EXPERIMENT

The description of the Starad experiment calibration, including accuracies of
the calibration, are best described in Reference 12. Part of this description
is reproduceo in Section 8.1 below.

8.1 L:pe' iment Dl!!icription
"The pertinent parameters of the sik:allite orbit at early times were as
follows: apogee 5580 km. perigee,19B km. Qrbital 1nclination 71°, orbital

'period 148 minutes. apsidal rate 0.80 per clay. The pitch period was 127
'seconds and the roll period 53 seconds. The pitch and roll periods, co~pled

with the data acquisition rate of once per second for each data channel. were
ideal for obtaining angular distributions. A thre~axis magnetometer provided
aspect information. Real-time data'transmission was provided throughout the
useful life of the satellite. Tape-recorded data were available during a~out

the first week in orbit. The spectrometer sorted electrons according to
energy by means of a uniform field using the principle of 1800 focussing.
The magnetic field (about 1800 gauss) was produced by the ferroceramic In~ox V.

The electrons were detected by solid state detectors of 4.5 x 4.5 mm and of
var10us depletion depths from 0.2 to 2.5 mm. depending on the electron energy
to be detected. High electronic energy bias was used on each detector i"
order to minimize bremsstrahlung detectior. 8remsstrahlun9 1n the vicinity of
the spectrometer was reduced by surrounding the instrument with 1/4 inch of
iron and 3/8 inch of Indox V. These materials attenuated the bremsstrahlung
as well as stopping protons below about 100 MeV.

12. West. H. I •• Jr•• Some Observations of the Trapped Electrons Produced by
the Russian High Altitude Nuclear Detonation of October 28, 1962,
Radiation Trapped ,in the Earth's Magnetic Field, edited by B. M. McCormac,
634=662, o. Relde1 publishing Company;-Uordrecht, Holland, Gordon an~
Breach Science Publishers. New York. 1966.
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For stability purposes the signal from each detector· was amplified by
charge-sensitive preamplifiers. The signal was further amplified and passed
to integral discriminators. (Differential discriminators are planned for all
future flights.). These pulses went to four logarithmic rate meters of
overlapping range and graduated response times covering counting rates Of 2 to
150000 Hz. The rate meter in use at any given time was indicated on a
separate telemetry channel. The data sampling rate was once per second. A

diagram of the electronics and spectrometer are given in Figure 8-1.

The spectrometer was calibrated with extended uniform ~adioactlve sources
placed in front of the aperture'of the spectrometer. These sources accurately
simulated a field of isotropic radiation in which we knew the number of
electrons per cm2 sec keY as a function of energy. "rhe principal radioactive
sources used were Sr90_y90 and K42• For the highest ener~y channel a
cross comparison was made with its lo~er neighbor using C135 • If F(E)
denotes the electrons/cm2/sec/keV coming from the calibration source, ~hen
the geometrical factor A AEn is given by 411 tr.N(E)c/F(Elc in
which AN(E)c is the counting rate of a given channel. The measured space
fluxes F(E, &)s are then F(E, e) • [AN(E.e) /4w ANCE) ]F(E)

2 sse c
electrons/em /sec/keV/str.

The properties of the spectrometer are given in Table 8-1.
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Table 8-1

PROPERTIES OF THE STARAD ELECTRON SPECTP.OMETER

Energy

(keV

Effective
Channel

Width
(keV)

Discrfrn­
inator
Bias
(keV)

Oetector
Type

Depletion Geometrical
Depth Factor

(cm2 keV St1"')

325 137 213 PN .... 0.2 1. 76 x 10-2 x 41f

955 162 680 PH '\, 1.2 3.60 x 10-3 x 4w
1630 184 1120 PN .... 2.5 3.30 x 10-2 x 4."
2400 214 850 PN '\, 2.5 4.30 x 10-2 x 4.

(2590)* 219 850 PN '\, 2.5 (3.72 x lO-2)x 4w
3250 224 850 PN '" 2.5 4.50 x 10-2 x 4y

*Background channel

The energy of the channels was determined using detectors calibrated 1n a
thin-lens beta-ray spectrometer. These energies should be correct to ~ 4
percent. The count rates determined from telemetry data should be correct to
about ~ 10 percent when the contribution due to statistics is small. The
relative accuracy of the fluxes reported should.be better than ~ 20 percent
when statistics are reasonably good. Position uncertainties increase the
error for absolute intensities to about ~ 30 percent. Error bars are shown on
the spectra only when the relative error was greater than ~ 20 percent.
A high modulation of the counting rates was observed due to the' tUmbling of
the satellite. When the minima in the counting rates coincided with low pitch
angles they were used as background or used in establishing normalization
factors for applying the background channels to the data channels. The three
lowest energy channels were not accurately matched to a backg~ound channel and
hence the normalization factor varied slowly from place to place dependfng on
the relative contributions of protons and bremsstrahlung to the background.
The two highest energy channels were well matched for sensitive volume and
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energy threshold to the background channels and hence the normalization was
fairly constant and consistent with expectations from the relative volumes of

the respective detectors. The 325 keV channel always gave excellent
signai-to-background ratios (often 100/1) whereas the 3250 keV cha~nel data
were often lost in background. In the high-background Starfish region.
however, the signal-ta-background ratio of the 3250-keV chann~l was about

5 to 1.

Timing errors in the tape-recorded data were apparent. Errors of + 15
seconds, and sometimes more, usually occurred even when the satellite orbit
was accurately known. These errors were evident in one prominent feature of
the data which was most apparent in the background occurr"ing at an L :: 1.84
and caused by the USSR high-altitude nuclear detonations. This was a
well-defined peak which in our data appeared to soift slightly 1n L-value as ~

function of B. A suitable time shift invariably brings the three peaks we
ob~erved in a given data acquisition into good alignment. This correction was
made on all tape-recorded data.

Errors in pitch angle of about: 5 degrees occurred due to magnet0lneter error
and possible error in the transformation connecting the look an31e of t~e

spectrometer to the magnetometer axes. 1I

8.2 Data Analysis
The Starad analysis effort pr- led to be the most difficult and frustrating.
Even though rni\!IY difficultier- --,ere encountered with the Data Center tapes. the
problems with the Starad da~~ :3pes were many orders of magnitude more
sever~. Some of the basic pr~bl~ms encountered with this data set were:

L The data tapes were not 16;. e I<:l.d as to content Clnd format.
2. No documentation of any for'lI ~;dsted on the tapes.
3 Oescription of instrument cal,bration functions did not exist.
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The working Starad data set consisted of a stack of computer listings from
AFWL, 27 unmarked 7-track tapes and a set of working notes from Reference 13.
A discussion with the author who last used the computer program and the data
introduced enough clues to permit the analysis to begin.

The keys to successfully analyzing the data tapes were contained in the
c~nt cards at the beginning of the AFWL Starad computer program. These
comment cards contained information on the array location of some of the
important variables for the data analysis. This identified array was an arrdY
internal to the program; however. decoding of the program permitted
identification of the data locations on the tapes. The tapes were written
using an unformatted WRITE statement and contain the following information per
data record:

NPOINT. NFRAME, «DATA(I, J), J. I, NPOINT), I a 1, NFRAME)

Each tape record thus had several data frames (NfRAME} and each data frame is
NPOINT long.

Because of the age and uniqueness of the tapes, AFWL att~pted to duplicate
the tapes before turning them over to MDAC for analysis. This effort was
unsuccessful. The tapes were then physically transferred to MDAC. MDAC's
cO'puter equipment differs from AFWL's equipment and thus it ~as hoped that
the tapes could be copied at MOAC. We at MOAC were also unsuccessful in using
the standard tape copy routines in making duplicate copies. A data analysis
routine was thus written to study the contents of each tape ind detenmine the
format of each tape. The tapes proved to be a very interesting lot indeed.
None of the tapes were free fr'l)lll parity errors. Some of the tapes were
readable at 556 bpi and some at SOO bpi; some were written in CDC S format and
some in coe 51 format, SOme had Star3d data matching the above described WRITE

13. Kuck. G.

118



statement and some had a totally undecipherable format and one tape was
blank. Table 8-2 lists the tapes, the specified density, the density at which
the tape was readable, the format of the tape and the content of the tape.
During the tape read operation a full hardware inhibit was invoked (all data
was accepted regardless of error). All records that had errors on the first
read attempt were ignored and not used in the analysis. Any other form of
error recovery proved futile. T3ble 8-3 is a copy of the header information
of each of the useable data files. A total of 25 data files were retrieved
from the data tapes. This retrieved data set covered the period 27 October
1962 to 4 November 1962, and thus covered the Russian II and III time period.

Because of the complexity and the many tape problems, no duplicate data tapes
were made. Instead, the information pertinent to this effort wa~ transferred
to permanent files on the computer system. Since the time resolution of the
Starad data set was very high, only one-fifth of the data was transferred to
the data files. This produced a manageable data base w1th adequate
resolution. The intermediate files had the following format.

Record 1 Copy of the header record
Records 2-N Data records.

-Each data record had the following format.

Word 1

2

3-5

6-8

9-11

12

13

14-19

20

day of month

time of day in seconds

data channels for an experim~nt not used in this effort

Bx• By. Bz magnetometer voltages

Bx, By. Bz alternate magnetometer voltages

McIlwain L parameter

local magnetic field value in gamma

West experiment counts/sec

spare
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Table 8-2

STARAD DATA TAPES

Tape No. Oensity Format Conments

XDA55 Not Starad
BF95 800 S
FF66 Not Starad
NF145 Not Sta~'ad
OB12 Not Starad
DEll 6 Not Starad
El109 Not Starad
EF45 800 5
A0104 800 s
AF33 800 S
AF34 Not Starad
BASS 800 5
8024 556 51 Bad Tape
BF1l6 800 S
CAll6 556 S
CG89 556 S
eI9 Blank Tape
DAIS Bad Tape
OB92 Not Starad
0179 Not Starad
EBlO5 Not Shrad
F082 556 S
FOlll 556 S
FOU2 556 S
F0123 556 S
FE33 556 51
FE34 556 51
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Table 8-3
STARAD TAPE HEADER INFORMATION

VOH. 1401 ORBIT 04/1 PBI( 05 271062STIMO- 6395.0

VDH. 1401 CF:BlT oS/1 f'9K 0; 2]1 1)6::STII"lO.. 36499.0

"It/H. 1 401 OF'BIT till 1 PBf. 7 271062STlMD- ~4000.0

1 VDH. 1401 OREIT 7/1 P8K a ~71 0025T1 MD- 33536.0

I YuH. 1 401 DPBIT eil P81~ 9 2710G2STlMD- 43426.0

1 VDH. 1401 ORBIT 10/1 PBI~ 11 ~71062STIMO~061770.

I VOH. 1401 OF-BtT 15/1 P9K 16 2S10G2STIMD-01e018.0

1 VDH. 1401 ORBIT 17/1 PEI~ 18 ':::S1 'l'.)2STI MO- 36000.0

1 VDH. 1401 OR8tT lS/1 PBK 19 281062STIPlO- 45984.

1 VDM. 14il1 OP,BIT ~3/1 PSI( 24 2911J62STIMO- 2434.

1 VOrl. 1 4Q 1 ORBIT 24/1 PElI~ :-:5 291062STIMD- 11330.0

1 VDH. 1401 ORBIT 25/1 PSl( 26 291062STIMD- 2000:3.0

1 VDN. 1401 ORBIT 2/3/1 PBK 27 291062STIMD- 29411 .0

1 VDH. 1401 ORBIT 30/1 PBK 34 2'310G2STIMD- 752~.

1 VI)H. 1401 ORBIT :35/1 PBK 36 . 301 OG2STIMD-022548. 0

1 VDH. 140 I ORBIT 36/1 PBK 37 301062STIPlD-031719.0

1 VDH. H01 ORBIT 413/1 ?SI{ 404 311 (]G2STJ MD- 7238.0

1 VDH. 1401 ORBIT "'~/1 PBI( 52 3110G2STIMD- 61291.0

1 VDH. 1401 ORBIT S611 PBK 57 0111 S2STIMD- 19233.0

1 VOH. 1401 ORBIT 5S/1 PBK S9 Q11162STIMD-OS5661.0

VDH. Hal ORBIT 63/1 PBK 6" 0211G2STIMO-011S66.0

J M VE:H. 1401 OIi'BJT 65/1 FDIC 66 021162STIME-

J A1 VEH. 1401 CP.BIT 06/1 F'BK 67 021 I 6~STIME:·

. J AI VEH • 1401 ORBIT 73/1 PSK 74 031162STIME:-
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Tile AFWL data tapes contai ,ldd the data for the electron spectrometer in terms
of analog voltages. The only description of the translation of these voltages
to counts was given in the AFWL computer listings. The Kuck notes did not
include the transformation information. Acall to Or. H. West at Lawrence
Livermore failed to produce any corroboration. Or. West said that it would be
foolhardy and futile to attempt to work with the data set. Thus the
subroutine transferring voltages to counts was used without comment or
verification. A listing of this routine is given in Appendix C. Use of this
routine gives count rates which are continuous over the voltage ranges

,·encountered and indicate that this subroutine is the valid conversion routine
for the spectrometer data.

Since the spectrometer 1~ highly directional, the lOOK direction of the
in~trument must be obtained. This once again proved to be a major detective
job. No description of the look information was found in any published
article or in any of the notes. Thus. it was once again necessary to decode
the undocUmented uncommented portion of the computer code. The AFWL proqram
contained e~tensive B smoothing 'algorithms and other Bfield baseline
correction elements. The pertinent lines of code were discovered only after
considerable effort. Verification of correctness is not available; however,
the results give reasonable pitch angle distributions and are thus thought to
be correct. The following algorithms were used:

1. Convert magnetometer voltages Vx' Vy and Vz to Bx• By. Bz•
Bx z 0.219027 ~ (Vx - 2 54256)
By ~ O.221~56 * (Vy - 2.587481)
Bz • 0.216310 * (V z - 2.517688)

2. Determine the local p~tch angle ~ cos{a) ={Bx * 0.86603 - By * 0.5 *
0.57736 - Bz * 0.5 * O.8192)/Bmag

where B =..;62 + B2 + B2
mag x y z
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3. The equatorial pitch angle, a o' is then given by

2 3cos(ao) = 1. - 0.315 (I-cos a)/(L ~ B)

where L is the local McIlwain l parameter and B is the local calculated
magnetic field strength.

Figure 8-2 is a figure of counts versus equatorial pitch angle.

This study effort required the development of omnidirectional fluxes and thus
conversion from directional to omnidirectional was required. If the local
look angle was found to be in or close to the electron loss cone. the data
nlust be ignored. The following approximate algorithm was used to determine
the equatorial pitch angle of the loss cone, a

L
•

( 39)

Any measurement within 10 degrees of tne equatorial loss cone was ignored.
Data"further from the loss cone is reasonably constant with pitch angle.
Corrections for the pitch angle effect were attempted but the magnetometer
data was sufficiently noisy and thus the pitch angle information was not very
reliable.

The corrected data scattered more than the uncorrected data. Thus the pitch
angle dependent data were multiplied by a local loss cone dependent solid
angle factor to convert the data to isotropic fluxes.

Because of the narrow energy width in the Starad electron channels it was
impossible to convert the Starad data into integral channels. Thus Starad is
the only data set in differential form. The calfbration constants of west
(Reference 12) were used to convert counts to flux. A reasonably noisy data
set must be integrated over the proper energy channels to obtain an integral
data set. To do this routinely at each data point would have introduced
unreasonably large errors.
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There are five electron channels and a background channel. The highest three
energy channels are strongly contaminated by bremsstrahlung and protons.
Figures 8-3 to 8-8 show the six uncorrected. data channels versus L. The peak
at L x 1.84 is due to Russian I b~emsstrahlung and not due to electron fluxes
directly. When the data are corrected for the background observed by Channel
6, the peak disappears. Figures B-9 through 8-11 show the background
corrected rates before the Russian II event. Figures 8-12 to 8-16 show the
data during October 29-~O, 1981, just after Russian II. The lowest 4 energy
channels show a distinct Russian II enhancement, however, the enhancement
appears lost in the noise for the highest energy· channel. The data before
Russian II can be fitted by a polynomial in L and equatorial pitch and (a
polynomial with order 4 in ~ and order 2 in pitch angle was used) used as a
baCkground function for determinirtg the true lnjected riux component for the
Russian II and Russian II, III data set.

8.3 Error Analysis
.H. West (Reference 12) indicates that the basic errors are on the order of 30

percent. Pitch angle uncertainties, as well as noise in the pitch angle data,
substantially increa~e the size of toe errors. The total errors of the raw
data corrected by the measured background channel consists of the statistical
error. the uncertainty in knowing t~e exact intercalibration between the data
Channel and the background channel (a 25 percent uncertainty was assumed) and
the e~ror due to position uncertainties. Once the fluxes are to be converted
to isotropic fluxes, additional errors occur. There is at least a 5-degree
pitch angle u~certainty, the exact shape of the pitch angle function is
unknown and a single direct10nal point measuremant must be converted to an
isotropic flux. The errors in this conversion can be as large as 50 percent
to a factor of 2.

Thus if "B is the number of counts in the baCKground channel. the error in
the background count rate, Ea- is

/ - 2 2EB ~ .j (.j NB) + (O.25 N
B

) -
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If ND is the number of counts in one of the data channels. The error in the
data channel directional counts, EO' is

The error Ferrar in the flux, F, of a channel is then

I 2 2 2Ferror = (0.5 F) + (NB (0.25 Na) + NO + 0.30 No) G

where G is the geometry factor.

(41)

(42)

Thus from Equation 42 one can see·the uncertainty in the electron flux is
always worse than 50 percent and for the higher channels where the background
corrections due to bremsstrahlung and protons is large. The error very often
approaches a factor of two. Additional errors are introduced when the Russian
I/Starfish background is subtracted out of the data set. The r.m.s. error of
the least squares fit to the data was 45 percent. Thus the total probable
flux error

(43)

where Ffit is determined from the polynomial function for the Russian
I/Starfish background evaluated at the observation point.

The above described errors are believed to include all errors. Calibration
errors for the spectrometer in excess of those discussed are small. Energy
~igu1ties are also expected to be smali. It is felt that· no additional
erro~s are present. Furthermore. agreement ~etween Telstar, Explorer XV, and
A10uette is such that the above described errors include all known effects
(see Section 10). The steep spectral slope observed by the low energy Starad
channels agree with the Te1star observations.
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Section 9

THE INJU~ I SATELLITE

Injun I carried several detectors. Among these were Geiger tubes and a
spectrometer. However, the intense proton and bremsstrahlung background

prevented these instruments from accurately measuring the electron flux. The
only detector that was ever used in the analysis of the Starfish burst is the

heavily shielded background detector.

~.l Detector Description

The detector is an Anton tjpe 213 Geiger tube encased in 3.5 g/cm2 of lead.

This detector has an approximate geometry factor of 0.2 cm2. The detector
shielding is adequate to stop the penetration of electrons with energies of

less than 10 MeV.

9.2 Instrument Calibration
The Injun I spacecraft was calibrated in a flux of fission electrons at Los

Alamos. The Injun detector measured 1/4000 of the total fission flux. These

caHbrat ion tests showed that the detector responded primarily to bremsstrah·

lung from several MeV electrons. A slight improvement can be made in defining
the response of Injun I to electrons. Very little of the response of the

Injun I detector is to electrons less than 1 MeV. An energy above 1 HeV can
be used and the conversion factor for that energy can then be defined as was done

for the Traac instruments in Section 7. A parametric analysis of the response of
the heavily shielded background detector to a range of reasonable spectral shapes

was performed·using electron and bremsstrahlung transpo!"t computer codes. The

analysis shows that the response of this detector is not particularly sensitive

~o spectral shapes for electron response thresholds from 1.5 to 3.0 MeV. Al­
though the minimum sensitivity to spectral shape occurred at 2.5 MeV, a thres­

hold value of 1.5 MeV was used primarily for the sake of comparisons. This is
the same value as Traac. Thus we define a G such that 1/6 can be multipl ,ed by

counts/sec to obtain the number of electrons/cm2/sec greater than 1.5 Me~.
Using the equations from Traac,

OfG(E) rtE) dE = 1 = 2.5 x 10-4
m 4000

of f (E) dE
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~
't b h th t -G 2.5 x 10, can e 5 own a = 0.298
is a fission spectrum.

- -4 (and thus that G=8.4 x 10 when f E)

9.3 Data Analysis
The Injun 1 data were available on a NSSOC data tape io BCD format. The tape
was-of physically poor quality {many parity errors) but otherwise presented no
special problems. A period before Starfish and a period just after Starfish
was analyzed.

9.4 Background
Figures 9-1 to 9-18 show pre-Starfish plots followed by Starfish plots. It
can be seen that in all cases w"ere the counts/second are greater than the
noise level of about 1 count/sec the Starfish flux is at least an order of
magnitude above the background level.

9.5 Error Analysis
Use of Injun I to specify a measurement of electrons above 1.5 MeV is
arbitrary. If the spectrum is an exact fission spectrum then t~e results are
valid to within a factor of 2 or better. However, deviation from a fission
spectrum can produce large errors in the ca.1ibration. The changes are not
calculable, since 00 response curves are available for the Injun detector.
For the tape generation a sim~le statistical error and a factor of 2
deterministic error was used. This factor of 2 error is not included on the
tape. The total error specified on the tape is Er ~ lIS t~, where
IliO is the st~tistica1 error.
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Section 10

INTERCALIBRATION

A number of comparisons were performed to chack the results of our ~nalY5i~.

Hess et al. (Reference 11) also extensively compared Injun. Traac, and
Telstar. In that analysis it lias shown that Injun and Traac agree quite well
(Hess compared totai fission electrons; in this report> 1.5 MeV was used;
however. the overall calibration was not changed)i whereas the Telstar result~

are high by a factor of 2 to 3. Figure 10-1 is a copy of the Hess comparisons.

A comparison between Telstar, Starad. Explorer XV and Alouette was performed
as a part of this effort. Intercomparisons between the various satellites is
difficult at best since the satellite is moving through different regions of
B, L space. Figure 10-2 is a sample comparison. T~! data are at an L of 1.6
and B of 0.2. At this L the data are from the Starfish burst and the time
decay is very slow. Thus data· sep~rated by several days can be used. The
data from the four satellites are graphed to form a composite spectrum. A
number of conclusions can be drawn from this and other similar curveS.

1. The spectrum is much steeper than the fission spectrum, f(E) Ci e -l.OE.
Above 600 keV the spectrum is only slightly steeper than the fission
spectrum.

2. Below 600 keV there is an abrupt rise in the slope of the spectrum. This
increase in the spectral slope at 10w energies is seen by both Telstar and
Starad. Furthermore, in the Jason analysis performed by Lockheed (1961)
it was also shown that the best fit spectrum had a steeper slope at low
energies (see Figure 10-3).
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3. If the Telstar channels 1 and 2 were to be used to estimate the number of
fission electrons (i.e., a e- I •DE slope curve were fit through these
data points and the area under the curve were integrated to obtain a total
fission spectrum), then the predicted flux would be high by a factor of 2

to 4. Furthermore, if the proton component were added back into the third
and fourth channels. the total number of fission electrons would also be
,verestimated.

It is now reasonably certain that the Telstar measurements agree quite well
with the rest of the data.set. At low energies the spectrum is not fission
like. This non-fission component is not a natural component.

An attempt was also made to compare Explorer IV and the Jason experiments.
This comparison is quite difficult because the measurements by Jason were
in the loss region at a totally different Band L than Explorer IV. The Jason
flux is over an order of magnitude less than the Explorer IV flux. This is in
the right direction; however, no firm conclusion can be drawn from this
analySis.
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Section 11

RESULTS AND CONCLUSIONS

A computerized data base has been established. The data base has data for
Teak. Orange, Arg~s I, II, and III, Starfish, and Russian I, II. and III.
Data from the following instruments have been included in the data base; the
Jason rockets, Explorer IV, Injun I. Traac. Telstar, Explorer XV. Alouette and
Starad.

The data nave been evaluated using our present understanding of the radiation
environment. For Explorer IV it has been shown that if the Explorer IV
detector were flown through the Vette AP8 and AE5 environments the counts
observed by Explorer IV during non-burst times match those predicted using AP8
and AE5. This calibration check increases the confidence l~vel fOr the
Explorer IV data.

Tna Telstar detectors were found to be proton contaminated. When the proton
corrected data are compared with data from Explorer XV and Alouette. the
resultant spectrum closely approximates the Starad spectrum. The Telstar data
are now in excellent a9reement with the measurements of Injun~ Traac. Explorer
XV s and Alouette. The spectrum, however s does not have a fission spectral
slope. This conclusion can be made with high confidence.

The data base consists of a series of tapes in the AFWL computer library.
Information for each satellite is on a separate tape (several satellites,
especially Telstar. occupy several tapes). The tapes are time ordered and
contain, in addition to the fluxes and time, the B. L, and the satellite
position. The structure and data tape identifications can be found in
Appendix A.

Although most of the.available data have been included in the data base. there
are several exceptions. This effort was a level of effort attempt and not all
efforts were completely successful. Additional work would prob~bly be able to
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retrie~e extra data. The initial tapes received for Explore" 1V were not the
right tapes and the Explorer XIV data could not have been included in this
work. Explorer XV has been used extensively in this effOl't using the BTL
detectors. Additional tapes containing the McIlwain single channel detector
were obtained but could not be included. The McIlwain tapes contain data at a

~uch higher energy and would be a valu~ble addition.

The analysis effort was a very complex programing effort. A large number of
(in excess of 100) separate analysi·s programs were written to separate from
the tapes, compare, graph analyze, sequence or in some other manner manipulate

the data.

A number of major ·'breaktnroughs" were made during this analysis. The most
important 1s tne reevaluation of the Telstar data in integral spectral form
and the determination of the proton contribution to tne Telstar count rate.
When Telstar is combined with the data from Starad, Explorer XV, and Alouette,
a complete spectrum from 220 keV to 4.0 MeV is generated. This spectrum is
steeper than a fission spectrum at all energies. The deviation from a fission
spectrum at low energies is considerably larger.

This analysis effort and the data base produced by it should assist AFWL in
its understanding of the post-nuclear-burst-environment.
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APPENDIX A

COMPUTER TAPE DOCUMENTATION

The data tapes were generated on the CDC 6000 series computer system under
control of the NOS/BE operating system. The tapes are 9 track 1600 bpi
tapes. Data are written·to disk using formatted write statements. The tapes
are then generated from the disk using the COPYBF utility routine. The tape
format is the AFWL standard 'internal binary format.

The tapes are multifile tapes. The first file is a header file with narrative
information. It may be read by using the following FORTRAN read statement.

READ 10, (HEAD(l), 1=1, 8}
10 FORMAT {8 AID}

The succeeding files contain data; the number of files and the data type
within the files are identified in the header record (Figure A-l is a copy of
a header file).

The data files are written using the fo110wlng FORTRAN write statement:

100 WRITE(lO,100}KYR,IDAY,KHR,TIME,EL,B,XLONG,N,
«M(I),FLUX(I),ERROR{I),BKG(I),),Ial,N)
FORMAT(2I3,I2,F5.2,F6.3,F5.3,F6.1,I2,3{I2,3E10.3}.I,
4(IZ,3ElO.3)

'where

KDAY LAST 2 DIGITS OF THE YEAR
lDAY DAY OF VEAR JANUARY 1 IS DAY 1
KHR HOUR Of DAY UNIVERSAL TIME
TIME MINUTES OF HOUR
EL MCILWAIN L PARAMETER
B MAGNETIC FIELD IN GAUSS
XLONG GEOGRAPHIC LONGITUDE
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APPENDIX A

COMPUTER TAPE DOCUMENTATION

The data tapes were generated on the CDC 6000 series computer system under
control of the NOS/BE operatinq system. The tapes are 9 track 1600 bpi
tapes. Data are written·to disk using formatted write statements. The tapes
are then generated from the disk using the CQPYBF utility routine. The tape
format is the AFWL standard 'internal binary format.

The tapes are multifile tape~. The first file is a header file with narrative
information. It may be read by using the following FORTRAN read statement.

READ 10. (HEAO(I). I~1. B}
10 FORMAT (B AID)

The succeeding files contain data; the number of files and the data type
within the files are identified in the header record (Figure A-I is a copy Qf
a header file).

The data files are written using the following FORTRAN write statement:

100 WRITE( IO.lOO)KYR, roAY .KHR.TIME.EL. B,XU:lNG.N.
«M(I},FLUX(I}.ERROR{I),BKG{I).).I.l.N)
FORMAT(213.12,F5.2.F6.3.F5.3,F6.1,IZ,3(I2,3E10.3).I.
4(I2,3ElO.3)

where

KDAY LAST 2 DIGITS OF THE YEAR
IDAY DAY OF YEAR JANUARY 1 IS DAY 1
KHR HOUR OF DAY UNIVERSAL TIME
TIME MINUTES OF HOUR
EL MCILWAIN L PARAMETER
B MAGNETIC FIELD IN GAUSS
XLONG GEOGRAPHIC LONGITUDE
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OAT.- F·)~ ~~·~U:; ;? U:;It~·j TI-li .J4~or4 I~C.CK;~T~ .
~~r~ IS FJ~ TH~ JA~~~ FL13HT 2Jljt2021t2a2~.202~t2027

JAT4 F:R ~LI3Hr 7021 JA~ ~S£J tJ ~(r:~~I~E THE ~ACKJ~O~~J
rr I~ :~eLUJ~D TJ ~MO~ oAC~v~J~NO ACCJ~~CY

ALL ~~T' FOR TrllS fF;0~r ~AS JIVEN I~ r!M~ ~rNC: (AU~C~

~NO LAU~=~-WAS-GIWE~-lN-JIM(,~t~CE EVENT
TI!"t~ 'CF ;:VENT WAS ASSUM~O TO BE 03:20 UT, 30 AUGUST 1'~58

A~SOLUTE REAL TIME ~AS CALCULATED FROM THE THREE JESC~IHED

TI~" c: ~. ------ ----._-. ---- ----

AlL,aETECTJR:A~~ SHIELJEa GH TUdES

TAPE 13 6.0,

rAPE: IS Z8!».

rAPE IS .71:J,-

IS 2.02--.--rAPt:

~ArA CHA~N~LS INCLUDE IN THIS ANALYS1S ARE
C~A~NEL 1 £LECT~ONS ~REATER THAN .21 MEV

E:j='~ ICIEHC!---t5E Of'4E.·ra.f~.Ac.r.oR US':O TO- tiE ~i RA Tt:
C~A~N~L 3 EL~CTRONS GREATER THAN l.~ MEV

~~FICIE~CY IG~OM€TRY FACTO~ USEJ TO nE~E~AT~

c ~ .3,~\j EL 6 . --"£Li:C f R(H~S·-GRE AT~R -.HtArJ 't .3, !~(V .­
f.:FFICl:::~CY ,;;t:OI~::T,H PACfOR ;;~-:D TO ~t:N[RATE

C~ANNEL 7 ELECTRONS G~EATER THA~ .~~ MEV -
-_. -. £F!='ICI::~~Cf. .lj:!:OME:fllY- FACJ::lR "JSt:O TJ 3E:Ni:P.AT£. JAI?£_ IS .582-__. -­
C~~NNEl 8 ELfCTR~~S ~REATER THAN .~~ MEV

~F~ICI£~CY I~;O~~TRY FACTOR u5~O TO GeN(~ATE

OATA IS WRIfTEN J~ A iI~GLE: FILE: ACCORDING TO THE FOR~IT D(SC~Ia~o

9C'_OW:
- _._---------- ---- - .---
[HE OATA WAS WRITTEN ~ITH TrlE FOLLO~lNG FORHATEO WRl~E S'ArEM~"T

~RITE~10,100)~Y~.IOAY,KHR,TIHE,EL,g,XlONG,~ •
._ (Cfll(I).FLUXU).~,RRORU-J,~H:GUJJ,l--;ltlU............. -_. ._-._

100 FOR~AT(2IJtI2,~5.2,F6.3tF5.J,FS.l,I2.3(I2t3E10.3J,I.

~(I2,3EI0.5J)

.H;:R£"
KOAY
I ~l'Y
KHR
TI:-1£
EL
B
leLONG
N
H
FLUX

L_ST 2 ~IGITS OF THE Y~AR

OAY -OE.- Y..EAR-. .JANUARY.-.1 . IS--. OA y.. 1.---- -----.- - _._-_..-- - - .......-.-.
HOUR OF DAY UNIVER~AL TIME
:"INUT::S OF HOUR
i4CILL;.,IA I~.l. . .rA'U~:: r'::ll __... .- - - - --. -_ .-------_. - ._..._--
MA~NETIC FIELD IN GAUSS
G£O~RAPHIC LON~tTUJE

.. NU~BE~.QF...CHA!m(LS IN .THIS. DATA.REC\JRO- ._. --'--
CHANN~L NuM3ER SEE J~rINIrIO~ A~~~r.

AACKG~OUND CO~~EcrE~ FLUX IN ElECfRONS/CM**2/SEC GREATER
THAN. r~E R£FE.!H.NCE._£~~;:RGY_. . - ..-- . . -."_
U~CE~T.INrY IN THE FLUX
aACKG~OUNO J~ICH ~AS SUijT~ACTED TO GIVE THE FLUX

Figure A·i. Copy of Argus Header File
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N NUMBER OF CHANNELS tN THIS DATA RECORD
M CHANNEL NUMBER SEE DEFINITION ABOVE
FLUX BACKGROUND CORRECTED FLUX IN ELECTRONS/CM**ZISEC GREATER

THAN THE REFERENCE ENERGY
ERROR UNCERTAINTY IN THE FLUX
8KG BACKGROUND WHICH WAS SUBTRACTED TO GIVE THE FLUX

Flux values set identically to zero indicate that the data values are for some
reason not avaflable~ The channel number identification is in all cases the
~a.e as that used in the literature.

The following is a listing of tapes available at the AFWL library.

ALOUETTE
TAP~ IH99

TAPE HF92

Russian
Tnis unlabeled tape has four files. A header- f11e for
Russian with the Starfish subtract followed by the data
file. Then there is an~ther·header file for Russian II
with the Russian I subtract followed by a data file.

This i$ a labeled duplicate tape (L • AlOUETTE).

EXPLORER 15 Russian
TAPES 6£90 and GE1ZS are unlabeled tapes with short. and expanded datI sets

of the Russian II and III burst with Russian I subtracted.

TAPES HF93 and Ie96 are labeled duplicates (L • EXPLORER 15).

TELSTAR . Russian
TAPE GF25 is the unlabeled tape and
TAPE HK78 is the labeled tape (l • TELSTAR)

TELSTAR Starfish
TAPES &G50 and GG144 are the unlabeled tapes and
TAPES HL150 and IA125 are the labeled duplicates (L • TELSTAR).
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JASON Argus

TAPE 10112 is an unlabeled tape.
Duplicate ;s at MDAC

EXPLORER 4 Teak and Orange
TAPE KD12 is an unlabeled tape.
Duplicate at MDAC

EXPLORER 4 Argus
TAPE GB63 is the unlabeled tape and
TAPE 1029 is the labeled duplicate.

INJUN
GK 72 is an unlabeled tape
Duplicate at MDAC

TRAAC

GK71 is an unlabeled tape
Duplicate at MDAC

STARAO
GK64 is an unlabeled tape
Duplicate at MDAC.
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APPENDIX B

DRIFT VELOCITY CALCULATIONS

As a part of this effort a MOAC developed 8 and L program. LOINT. was modified
to include the capability to calculate the drift velocity of particles in the
earth's magnetic field. The magnetic field used is the Olson/Pfi1zer model
(Reference B-1). A brief summary of this effort is given below.

Development of the Drift Program
The in~tantaneQus drift velocity at a given point is relatively simple to
calculate. However. evaluating the rate of change of field lines. or the
effective equatorial drift velocity is con$iderably more dffficult. It
requires the evaluation of two integrals having singularities. T~ese

s1n~ular1ties are integrable but do generate formidable progranmfng problems.
The equations required to calculate the drift velocity are given in the next
few paragraphs~

The drift velocity in a static magnetic field in the absence of electric and
gravitational field effects are due to gradient and curvature drfft. The
gradient and curvature drift may be written as

(B-1)

Ix?
T (B-2)

B-1. Olson. w. P•• K. A. Pfitzer Ind G. J. Mroz, Modeling the Magnetoseher1c
Magnetic Field in Quantitative Modeling of Magnetospheric Processes,
Geophl!1eal Monograph ~ AGU publisher, W. P. Olson, editor. 1979.
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Where Ug is the gradient drift

'ITc is the curvature drift velocity

C is the velocity of light

e is the charge of the particle

B is the magnetIc field

V~ is the velocity perpendicular to the magnetic field

Vll is the velocity par~llel to the magnetic field
......
y is the unit vector along the principal normal to the

magnetic field

~ is the change in B along the field direction
as
m is the relativistic mJSS.

Additional equations useful in the solution of the problem are

m • maY

where ma is the rest mass

Y is the relativistic factor

since

228
V~ • Vo • r

m
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where 8m is the magnetic field at the mirror point and Vo is the magnitude
of the velocity.

The total instantaneous drift velocity at a given point along the field line
is given by

(B-7)

If one is interested 1n the drift velocity of charged particles one generally
needs to know the average drift velocity. That i~ the rate at which particles
move around the earth. Since the geogra~hic coordinate system 1s not aligned
with the ~gnet1c field we must determine the drift motion in ~he minimum B
plane.

ir vector to instantaneous drift point
if vector to minimum 8
·t unit vector to minimum B

. dl • lui d t

r' • r :t
dl • r' a • r:ll'd'#

Then in a tilDe dt a particle IIIOves a distance Udt perpendicular to the field
line plane. The angular motion. d'. is given by

d4 • !J.r

da- fUldt
-~r.R

where dl • Udt
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As the particle moves from mirror point to mirror point the total angular
displacement, a, is given by

t.tB Udt
e • I _ ...... t a is the bounce time

t.O r.R

The average angular velocity is

The integration of a particle's motion is parameterized in terms of the
distance, s, 610n9 the field line such that

ds • Vll dt

(B-I0)

(8-11)

(B-12)

(B-13)

Thus
(8-14

a • (8-15)
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The average drift velocity, Ut can be written as

SUbstituting the various functions into·the above equation gives

2 2

f cmv~ !' x VB + Cmvll !' x Y IRI
-;;- • s3 ---;- as 83

~~::-"'_-:;:::-~~==;=~_L-_ds
Cr • R) ., 1 - 818M<U> =------ ~:...- _

IdS I rr: B/8M
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The current field line integral which is used to determine the second
invariant is of the form

J --5!L
/1 .- BIB ..m

(8-19)

Since 8mt the mirror point field is not known until Bmin is determ,"ed t

the initial integration ulong the field ltnes saves the values of B and the
step size ds. Thus in order to evaluate the drift velocitYt the values
19 81 and laB/asl must also be saved along the integration trajectory.
The vector R to minimum Bmust also be saved. These modifications increased
the program array size by 2000 words.

Computer speed decreased by a factor of 3 because of the need for calculating
gradients.

A second problem is that the two integrals have a singularity near the end
points. This is an integrable singularity. and proper step size control near
the end points is required to produce accurate results.

Drift Progrlm Test
The Qr1ft program has been found to be a very useful tool. The integral
appears to be stable over all the values that we have been able to test. The
results t when usin9 only the dipole field. are consistent with Hess (Hess.
1968). There are t however, a number of surprising results. Hess indicates
that the drift period increases 50 percent for off-equatorial particles (.
decrease in drift velocity). Figures 8-1 and 8-2 indicate that this is true
for very lar~ BIBS. However. for particles having equatorial pitch anqles
between 30° and 90 t the drift velocity change in a dipole field is less
than 10 percent.

The drift velocity is also very model dependent. Even at L.3. the difference
1n drift velocity between the main field and the main plus external fi~lds is
12 ~·~cent. Furtherw~re, once the external field is inclUded, the B/80
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deoendenc~ becomes much stronger. At L.7. near local m;dnight (see Figure 3),
the change in drift velOCity due to the external fiLld is over 30 pprcent.
Figure 3-3 shows the dependence of the drift velocity for the main field and
the mil" field plus dipo~e fields. This plot 1s for "a longitude of 00 a~d a
universal t1~~ of 0 hours, and shows the effect on the drift velocity as one
approaches the near t~il region.

We believe that this drift program will be of general usefulness to the
scientific community.
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DRIFT VELOCITY AT L-3.0
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DRIfT VELOCITY AT L-7.0
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EOUATORIAL DRIPT RATES
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APPENDIX C-
CONVERSION SUBROUTINE FOR STARAD VOLTAGES TO COUNT RATES

S~B~U~TIN~ ~LCR~(~t I
:~4~44 •• 4~+TrlIS PROGRAM CHnNGE5 LCRH VOLTAGES INTO CJUNTIN~ ~ATES

D"If'lEIJSIJN WC:ST(b)
COMMON ICONV/ TEHP(12l.0UT(20)
EJUTI)AL,-NCE" (~ESl (1) .OUTe 14»
X • TEI'1P(2)
Y • Tt:MP ( I )
IF{X.Gl. 1.2SJ GO TO 4
~ESTll ) • 4.0·EXPfY*.528S9)
GO TO 10

4 ril~.GT. 2.;) GO TO 6
WESTI') • 37.0.EXP(Y•. 64S92J
(~~ TO !O

- 6 'IFIX.Gl. 3.75) GO TO e
~C:STr I) ~ 6S0.4CX?(Y·.6J7~6)

GO T(J 10
a W~STI~ Ij • snOO ••ExpeY~.7Q94tJ

10 cot-. rINLiE
;( • T~J"P r 4)
y-. TEMPi)
Ir I }L ~~ T. r. 2S) ~o TO 14
WEST(2) • ~.O.EXP(~ •• SS274)
(,0 iO 20

14 - IF(X-.GT. 2.5) GO TO 16
WEST(2) • 39.04EXP(Y•. 6S70S)
GO TO 20

t6 IFcX.GT. 3.75) GO TO 18
WESTfZ) • 52&.O*EXP(Y*.69634)
GO TO 20

18 WEST(2) • ~300.0*EXP(Y•. 7083~)
20 CONTI~UE -

X IL TEMP(6)
Y• TEMPcS)
IFCX,GT. 1.25) GO TO 24
WEST(3) • ~.4*EXPIY•• 56a2S)
GO TO .30

2b IFCX.GT. 2.5) GO TO- 26
WEST(3) • 37 .•EXPtY•. 63685l
GO TO 30

26 IFlX.GT. 3.75) GO TO 26
WEST(3) • 4BO.iEXPCY•. 68966)
GO.TO 30

28 WEST(3)· S90~ .•EXP(Y*.6208e)
30 CONTINUE

X • rEJiP(S)
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t • TC1P ( 7 )
IF ( ). •GT. 1. ZS) CO TO 34
~EST(4) • 3.7~cXP(Y·.S6247)

GO TO 1ft
34 IF(X.GT. 2.5) GO TO 36

WES1(4) • 3i.·E~P(Y •. 57e731
GO TO 40

36 IF()..GT. 3.7S) GO TO 38
~E;T(4) • S20.~EXPIY •. 66298)
GO TO 4C

38 ~£ST(4)· 6100 .•EXP(Y4.62087)
40 CON1INUE

X • TE;1P ( to)
Y • TEMP(9)
IF ( X. GT. 1.25) GO TO 44
WESTCSJ - 4.0.E~P(Y•. S5~74)
GO TO ;0

44 IFrX.GT. ,.5) GO TO 46
~E5TrSI • 40 ••EXPtY·.G36ST)
GO TO SC

46 JFfX.GT. 3.75) GO TO 48
WESTCS) • 530.*EXPCY •. 67372)
GO TO SO

48 WEST(S)· 600C ••EXP(Y~.64B64)
;0 CONTINUE

X • TEMF' ( '2)
y • TE:1P ( t t )
IFeX.GT. 1.25) GO TO 54
~E5T(6) • 4.3*EXPtY*.S731S)
GO TO 6G

54 IFcX.GT. 2.5) GO TO 56
WES T(6) • 43. *E~P (y••.64753 )
GO TO 60 .

56 IFeY-.GT. 3.75) GO TO 58
~EST(6) • SOO.*EXPCY •• 70138)
GO T06t

sa ~EST(6)· 4300.*EXP(Y*.69891)
60 CONTINUE
100 CONTINUE

RETURN
END
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