governmentattic.org

“Rummaging in the government s attic”

Description of document: AD-B069354 (AFWL TR:81:223) Summary of Trapped
Electron Data, Final Report, October 1982

Requested date: 12-August-2008

Released date: 05-November-2008

Posted date: 24-December-2008

Source of document: 377 MSG/SCBIF (FOIA Manager)

1952 First Street
Kirtland AFB, NM 87117-5666.
Email foia.kirtland@kirtland.af.mil

Note: The 377th Mission Support Group (388 MSG) is the FOIA
processing activity for Kirtland AFB including for records
of the Air Force Weapons Laboratory (AFWL)

The governmentattic.org web site (“the site”) is noncommercial and free to the public. The site and materials
made available on the site, such as this file, are for reference only. The governmentattic.org web site and its
principals have made every effort to make this information as complete and as accurate as possible, however,
there may be mistakes and omissions, both typographical and in content. The governmentattic.org web site and
its principals shall have neither liability nor responsibility to any person or entity with respect to any loss or
damage caused, or alleged to have been caused, directly or indirectly, by the information provided on the
governmentattic.org web site or in this file.

-- Web site design Copyright 2007 governmentattic.org --


mailto:foia.kirtland@kirtland.af.mil?subject=FOIA%20Request

FREEDOM OF INFORMATION ACT (FOIA) RESPONSE AND INVOICE

REQUEST DATE REQUEST NUMBER
20080812

TO FROM

377 MSG/SCBF (FOIA Analyst)
2051 Wyoming Blvd., S.E.
Kirtland AFB NM 87117-5607

1. REQUESTED RECORDS

COMPLETELY RELEASED | I PARTIALLY RELEASABLE

DOCUMENTS ARE ATTACHED

DOCUMENTS WILL BE FORWARDED ON RECEIPT OF PAYMENT

DOCUMENTS MAY BE VIEWED AT THIS LOCATION ( Please call for an appointment)

TIME EXTENSION IS REQUIRED BECAUSE

ALL OR PART OF THE REQUESTED RECORDS ARE NOT AT THIS LOCATION

VOLUMINOUS RECORDS MUST BE COLLECTED AND REVIEWED

RECORDS ARE BEING REVIEWED BY ANOTHER AGENCY FOR POSSIBLE RELEASE

WE HOPE TO PROVIDE A FINAL DECISION BY

2. THE COSTS OF PROVIDING THESE DOCUMENTS ARE INDICATED BELOW

REQUEST ACTIONS RATE MATERIAL TIME COST

SEARCH (Hourly)

REVIEW (Hourly)

COPY (Page)

COMPUTER MACHINE TIME  (Hourly)

COMPUTER OPERATOR TIME (Hourly)

COMPUTER TAPES

OTHER

TOTAL AMOUNT DUE

3.Send your check or money order payable to "US DEPARTMENT OF | 3A.MAILTC
TREASURY " with a copy of this invoice within 30 days.

(Future requests will not be processed until payment is received. )

4. THIS ACKNOWLEDGES RECEIPT OF YOUR CHECK OR MONEY ORDER FOR PAYMENT OF REQUESTED DOCUMENTS

NUMBER DATE AMOUNT

5. ALL OR PART OF THE INFORMATION YOU REQUESTED IS NOT AVAILABLE AT THIS INSTALLATION. WE HAVE FORWARDED YOUR REQUEST 7O THE
FOLLOWING LOCATION FOR ACTION WITH DIRECT RESPONSE TO YOU.

6. COMMENTS

This is in response to your 12 August 2008, Freedom of Information Act (FOIA) request for AD-B069354 - Summary of Trapped
Electron Data. The cost is waived.

7 FREEDOM OF INFORMATION ACT MANAGER

NAME AND PHONE SIGNATURE DATE

MARVIN L. EVANS
(505) 846-7717 7% Orrr_ |[. Z_)M-/ SEY VLR

AFMC FORM 556, 19950201 (IMT-V1) REPLACES AFMC 556, JUL 92 WHICH IS OBSOLETE



UNCLASSIFIED / LIMITED ~ aps069354

Export Control

Summary of Trapped Electron Data

MCDONNELL DOUGLAS ASTRONAUTICS CO HUNTINGTON BEACH CA

OCT 1982

Distribution authorized to U.S. Gov’t. agencies only; Test and
Evaluation; OCT 1982. Other requests shall be referred to Air
Force Weapons Lab., (NTY), Kirtland AFB, NM 87117. This document
contains export-controlled technical data.

'UNCLASSIFIED / LIMITED

Evicl



UNCLASSIFIED / LIMITED

Export Control

Redi tion Of DTIC-Supplied Information Noti

All information received from DTIC, not clearly marked "for public release” may
be used only to bid on or to perform work under a U.S. Government contract or
grant for purposes specifically authorized by the U.S. Government agency that

is sponsoring access OR by U.S. Government employees in the performance of
their duties.

Information not clearly marked "for public release" may not be distributed on the
public/open Internet in any form, published for profit or offered for sale in any
manner. :

Non-compliance could result in termination of access.

Reproduction Quality Notice

DTIC’s Technical Reports collection spans documents from 1900 to the present.
We empioy 100 percent quality control at each stage of the scanning and
reproduction process to ensure that our document reproduction is as true to the
original as current scanning and reproduction technology allows.

However, occasionally the original quality does not allow a better copy.

i you are dissatisfied with the repraduction quality of any document that we
‘provide, please free to contact our Directorate of User Services at
(703) 767-9066/9068 or DSN 427-9066/9068 for refund or replacement.

Do Not Return This Document To DTIC

UNCLASSIFIED / LIMITED



AB069354

oie FILE COPY

AFWL-TR-81-223

AFWL-TR-
81-223

SUMMARY OF TRAPPED ELECTRON DATA

K. A. Pfitzer

McDonnell Douglas Corporation
5301 Bolsa Avenve

Huntington Beach, CA 92647

October 1982

Final Report

Distribution Timited to US Goverument agencies only; test and
evaluation efmwiditury-systensiequipmertrrerttscorsed=in=m

pepoTt; Oct 82, Other requests for this document must be
referred to AFWL (NTY), Kirtland AFB, NM 87117.

SUBJECY TO EXPORT CONTROL LA¥S: This document contains information for mamu~

facturing or using munitions of war. Exporting this information or relaasing
it to foraign rationals 1iving In tha United States withaut first obtaining
an mxport license violates the Internatfonal Traffic 1n Arms Ragulatiens,

Under 22 USC 2778, such a violation 15 punishsbla Dy up to 2 years In prison
and by 3 fine of $100,000.

DTIC

FILECTE

AIR FORCE WEAPONS LABORATORY NOV 29 1882
Air Force Systems Command

Kirtland Air Force Base, NM 87117 QYP( D

52 11 29 046



The following notice applies to any unclassified (including originally classified
and now declassified) technical reports released to “qualified U.S. contractors”
under the provisions of DoD Directive 5230.25, Withhoiding of Unclassified
Technical Data From Public Disclosure.

NOTICE TO ACCOMPANY THE DISSEMINATION OF EXPORT-CONTROLLED TECHNICAL DATA

1. Export of information contained herein, which includes, in some circumstances,
release to foreign nationals within the United States, without first obtaining approvail or
license from the Department of State for items cantrolled by the International Traffic in
Arms Regulations (ITAR), or the Department of Commerce for items controlied by the
Export Administration Regulations (EAR), may constitute a violation of law.

2. Under 22 U.S.C. 2778 the penalty for unlawful export of items or information controlled
under the ITAR is up to ten years imprisonment, or a fine of $1,000,000, or both. Under
50 U.S.C., Appendix 2410, the penalty for unlawful export of items or information
controiled under the EAR is a fine of up to $1,000,000, or five times the value of the
- exports, whichever is greater, or for an individual, imprisonment of up to 10 years, or a
- fine of up to $250,000, or both.

3. in accordance with your certification that establishes you as a "qualified U.S.
Contractor”, unauthorized dissemination af this information is prohibited and may resulit
in disqualification as a qualified U.S. contractor, and may be considered in determining
your eligibility for future contracts with the Department of Defense.

4. The U.S. Government assumes no liability for direct patent infringement, or
contributory patent infringement or misuse of technical data.

5. The U.S. Government does not warrant the adequacy, accuracy, currency, or
completeness of the technical data.

6. The U.S. Government assumes no liability for loss, damage, or injury resulting from
manufacture or use for any purpose of any product, article, system, or material involving
reliance upon any or all technical data furnished in response to the request for technical
data. :

7. If the. technical data furnished by the Government will be used for commercial
manufacturing or other profit potential, a license for such use may be necessary. Any
payments made in support of the request for data do not include or involve any license
rights.

8. A copy of this notice shall be provided with any partial or complete reproduction of
these data that are provided to gualified U.S. contractors.

DESTRUCTION NOTICE

For classified documents, follow the procedure in DoD 5220.22-M, National Industrial
Security Program, Operating Manual, Chapter 5, Section 7, or DoD 5200.1-R, Information
Security Program Reguiation, Chapter 6, Section 7. For unclassified, limited documents,
destroy by any method that will prevent disclosure of contents or reconstruction of the
document.



AFWL-TR-81-223

This final report was prepared by McDonnell Douglas Corporation, Huntington
Beach, California, under Contract F29601-78-C-0015, Job Order 88091902, -with
the Air Force Weapons Laboratory, Kirtland Air Force Base, New Mexico.

Capt Robert J. Greaves (NTY) was the Laboratory Project Officer-in-Charge.

When Government drawings, specifications, or other data are used for any
purpose other than in connection with a definitely Government-related procure-
ment, the United States Government incurs no responsibility or any obligation
whatsoever, The fact that the Government may have fermulated or in any way
supplied the said drawings, specifications, or other data, is not to be
regarded by implication, or otherwise in any manner construed, as licensing
the holder, or any other person or corporation; or as conveying any rights or
permission to manufacture, use, or sell any patented invention that may in
any way be related thereto.

This report has been authored by an employee of the United States
Government. Accordingly, the United States Government retains a nonexclusive,
royalty-free license to publish or reproduce the mater{ial contained herein,
or allow others to do so, for the United States Government purposes.

If your .address has changed, if you wish to be removed from our mailing
list, or if your organization _no_longer employs the addressee, please notify
AFWL/NTY, Kirtland AFB, NM 87117 to help us maintain a current mailing 1list.

This tachnical report has been reviewed and is approved for puincﬁtion.

{ L’t\-—s—\.*j‘ . \'i\.‘.,_'-\,'i.)—-

ROBERT J. GREAVES
Captain, USAF
Project Officer

FOR THE COMMANDER

)Vcaz¢um¢wp <. 4gg‘:blééﬂ/

2

(et Ll ,
o S e 2z NORMAN K. BLOCKER
Lt Colonel, USAF Colonel, USAF o
Chief, Satellite and C? Branch Chief, Applied Physics Division

00 NOT RETURN COPIES OF THIS REPORT -UNLESS CONTRACTUAL (BLIGATIONS OR NOTICE
ON A SPECIFIC DOCUMENT REQUIRES THAT IT BE RETURNED.



UNCLASSIFIED

SECURITY CLASSIFICATION OF THiS PAGE (When Dara Entered)

REPORT DOCUMENTATION PAGE e s READ INSTRUCTIONS
1. REPORT NUMBER ]2 GOVTY ACCESSION ‘Jol 3. RECIPIENT S CATALDOOG NUMBER -
AFWL-TR-81-223 AD - RoL9 354/,
A. TITLE (and Subtttie) 5. “"vPE OF REPORY & PERIOD COVERED
SUMMARY OF TRAPPED ELECTRON DATA Final Repori

6. PEAFURM(NG ORG. REPORY NUMBER

7. AUTHORr)) 8. CORTRACY QR GRANT HUMBER(S)

K. A. PFitzer F2¢601-78-C-0015

9. PERFORMING ORGANIZATION NAME AND ADMAESS 10. P:gGF\AAM ELEMENT, DROJECT. TASX
McDonnell Douglas Corporation AREA & MORK UNIT NUMBERs

5301 Bolsa Avenue

Huntington Beach, California 92647 62601F /88091902
11, CONTROLLING OFFICE HAME AND ADDRESS 12. REPORT DATE

. Octoher 1982
Air Force Weapons Laboratary (NTY) 13, NUMBER OF PAGES
Kirtland Air Force Base, New Mexico 67117 204

| 14, MONITQRING AGENCY NAME & ARORAESS(// dilfernr {rord Controlling Office) 15. FECYRITY CL ASS. (of thls report)

UNCLASSIFIED

{54, DECLASSIFICATION: DOWNGRADING
SCHEOULLE

16. DISTRIBUTION STATEMENRT (of thts Reporr)

Distribution 11m1ted to US Goverrment agencwes only, test and evaluation ef==
A el 5 LAD Sl ping UG 9 Py por#; Oct B2, Other regiests
for this d0cument must be referred to AFNL (NTY) Kirtiand AFB, NM 87117.

17. DISTRIBUTION STATEMENT (of the sbstrect entered in Block 10, [{ difisrent irom Report)

t8. SUPPLEMENTARY NOTES

19. XEY WORDS (Contitwe on ravarss 2ide if necensary and idenslly by biock number)

Argus Radiation Belts

Teak Nuclear Environment
Orange Electron Injection
Starfish Jectron Environment
Russian

20. ABSTRACT (Continuve on reverss 3..n ! necsanary and ideniify by bloik numiet)

PThis report summarizes the analysis of artificially injected electron data.
Data from Teak, Orange, Argus, and Starfish are included. The calibrations of
various satellite detectors are reviewed and in some casrs modified, and the
detectors from the various satellites are compared. Ervor analyses are per-
formed and th2 accuracy of the various satellite experiments is discussed. <

DD ,598%, 1473  eoiTion oF 1 nov es s oBSOLETE UNCLASSIFIED

SECURITY CLASSIFICATION OF Tris RASE (Whan Dats Entered)




SECTION
1.0
2.0

3.0

4.0

TABLE OF CONTENTS

INTRODUCTION.veuesseoncosvoanssasessseosasassosssccenssssncans
THE JASON PROGRAM..cevescetsnseacsaccansansacasonnssaccsssncss
2.1 Experiment Description.cececeesecesscessossoccracsassonse
2.2 Instrumentation Calibration...eesseesivcacsscrssreosasons
243 Data AnalySiS.uieseeeienisacarinessecitasionssscssscncass
2.4 Background Determination..........s...,...........,......
2.5 Error ANalySiSeeeuiseccesosaoncscesssonsacssctonansnvsance
EXPLORER IViciicesesensncnrcvracesasssnansncncanrcancsvasssasanss
3.1 Experiment Description.....ecvesvescscscacsacnnacsscsssas
3.2 Calibration.cicceceeeieseiocneessaceseconancsscoccssosses

3.2.1 Geiger Tube Calibration,csvossescersecsecsceocecce

3.2.2 Calibration of Plastic Scintillator...e.eeesssesss
3.3 Data AnalySiSieeercicicrecstosansacsacescarecscascacanses

3.3.1 Teak and Orange Data Ana ySiS.civeecirosocnsornnce

3.3.2 Argus Nata AnalySiSeesesecscccescacstossosvsasonas
3.4 Error Analysis..cicicecsscoscssecresrosssssccasncssosanse
TELSTAR PROGRAM. c.eeounesaseocansoasssaseossonsancassansnesnns
4,1 Experiment Description..c.cosisesetvtrrcscescssccorarsees
4,2 Telstar Calibration..cccecssecscsccesarscrsacscssssssnnce
4.3 Talstar Deta AnalystS.ccecceccercccerocencreosscscsacanss
4.4 Background Fva]uatfon..............,.....................

4.5 Error AnalySfS.eeceeccesorsssscvacsorsvosoasarsssnansonnces

PAGE
11
15
15
17
2
27
27
31
3?
34
34
38
43
43
43
53
59
59
62
72
73
74



SECTION

5.0

6.0

7.0

8.0

PAGE

EXPLORER XV.uiiiroiiicravenseneernnnsnnnns vreesens Veasanensss 78
5.1 Explorer XV Experiment Description..ciceiceeeeceass ereees 18
5.2 Calibration.ciiieeiisitiiestorrerisercnrecrcrnnnsrns v.e.. 80
§.2.1 Calibration of 0.5 MeV Channel...ccvvevivenreennes 80
5.2.2 Calibration of the 1.9 MeV Detector.....cceeceeess, 85
5.2,3 Calibration of 2.9 Mev Detector........e.... vesves 85

5.3 Background Aralysit.iieeenienas Cesseireserserarien Ceacesna 88
5.4 Error AnalySiS...eveeerececreanancsoes testectenaarrennse veo 93

ALOUETTE SATELLITEC'llﬁl’l'l'.'.l.ll‘ﬂ.l'll'l‘lllhlllllllll.ll 95

6.1 Detector DeseriptioN.e.ceccveeisceccesoaraosnscsaserccans 95
6.2 Detector Calibration..cesveceerssnoaesnnees vessiiens sases 96
6.3 Data AnalysiSeseccensaae eelsveveceritesniena sevasuessevse 937
6.4 Backoround.......ccvieees cereanes ereescensacrncannan woeee 101
6.5 Error Analysis........ Crreseasrans P 1 11 ¥
TRAAC SATELLITE.c.uuvrcvonnvoonacans Cereesetene eresesseacossss 108
7.1 Experiment Description......... teseeunaseae cresesccsanen .. 108
7.7 Instrument Calibration....c.ciicvrensocrsooctnaneenss ... 108
7.3 Data AnalysiS.vees cueess serrerieanrerarssann cesreaaaa ee- 111
7.4 Backgreund Analysis.. ... cevsernsaee crasesasens N B §
7.5 Error AnalysiS...ueeee eestssrenane irenienas Ceresssaanens 111
STARAD EXPERIMENT.....000evnne treeasenis coscan- e trerisasmerns 113

8.1 Experiment Description..ceicieeecmvconssenseosncasasansene 113
8.2 Data Analysis....cereens veaess eres.veeestecsnanaanna eees 117
8.3 Error AnalysSis..ciecaree-voecarceens Cecacans enens Gesanres 124



SECTION PAGE
9.0 INJUN T SATELLITE.:eeeesasorescssonsoosnansananascnss sosensae 141
9.1 Detector Descriptioniciiievessseesecsorecscsersssnaveases 141

9.2 Instrument Calibration....... M L 3

9.4 Background +«..... “eeseranassanan ttccessetsseencesssannse 142

9.5 Error AnalysiSeceeeseseseeccussioscescssscoconssancacasss 142

10.0 INFERCALIBRATION, secvusraseerncsocacsscsceassasasaccasessecssss 161
11.0 RESULTS AND CONCLUSIONS..iceececeoresrasorassoncenccseniassess 166
 BIBLIOBRAPHY ... v veveeersessornceseresnernessesueansnscsnesens 168
APPENDIX A COMPUTER TAPE DOCUMENTATION...cceeesseesccasescceancseces 187
APPENDIX 8 DRIFT VELOCITY CALCULATIONS...creasaacsaas coveasnasssesss 191

APPENDIX C CONVERSION SUBROUTINE FOR CHANGING STARAD VOLTAGES
’ To COUNT RATESI...-........'.‘.....l.'.."'l'..'l.'...b.. 201

Acosgsion Yor

¥TIS GRARY

DIIC TAR ﬁ
Unannounced 0
Justification ... |

By.
Dlstribut’on/

Availab ; liw C&ies
Avail -an&for
DiBt ..,pecial




2-2
3-1
3-2

3-4
3-5

3-6
3-7
3-8
3-9
3-10
3-11

-12

-

3-14
3-15
3-16
3-17
4-1
4-2

LIST OF FIGURES

Diag-am of the Jason Instrument Package..vivevesecrencaaasonan .o
Geometric Functions of the Jason Detecttrc..iriverercrcnccasoones
Respons= Curves of the Explorer IV Geiger Counters..iceveececsss

MeV Iso-Intensity Flux Contour in the Natural electron
Environment as Determined from Explorer IV Cualibration........ .

Obse: ved Explorer IV Channel 2 Count Rate.uieieteccnorvcocnnsens
True Explorer 1V Channel 2 Count Rate...veeveceonane cesucsetetre

Explorer 4 700 keV lso~Intensity Flux Contours in
Natural Electron Enviroament..... teesenoans rereessbreassrensasass

Typical Teak DAta PaSSeecesscssecsncssaarsniooses. cosroansanorna
Explorer 4 Channel 2 Flux Versus L for Pre-0range DuyS..eec.... .
Explorer 4 Channel 3 Flux Versus L for Pre-Orange DayS.....-....
Explorer 4 Channal 2 Flux Versus L for Pre-Teak DayS....... crean
Explorer 4 Channel 3 Flux Versus L for Pré-Teak Lays..veeceseren
Explorer 4 Channel 2 Flux Versus L after the Oranae Burst,.s..y»
Explorer 4 Cnannel 3 Flux Yersus L after the Orange Burst.......r
Explorer 4 Channel 2 Flux Versus L after the Teak Burst.........
Explorer 4 Channel J Flre Versus L after the Teak Burst.........
Sample Argus Data SUMMArY.....cevaeeeresoseonceonsncsacsaorossssa
Samp!: Argus Data for Channel l.....cccciveeccreesocnccncacranans
Sample Arqus Data for Channel 3....civvausas Ceccsecesnsscassooes

Efficiency Versus Energy for the Telstar Detectors............. .

Counts/Mey as a Function of Energy in Each of the Telstar
Channels i the Presence of a Fission Soectrum...ce.vvecicacocas

Page
16

18

37
40
41

a2
a4
45
46
47
48
49
50
51
52
54
55
56
60

64



4-3

44
4-5
46

4-7

5-1
5-2
5-3

5-4 -

5-5

5-6

5-7

5-8

5-9

6-1
6-2
6-3

LIST OF FIGURES

(continued)

Counts in the Four Electron Channels Due to Electrons
Having Energy Less Than E........‘I...........l‘..l...l.........

Telstar Integral Spectra Uncorrected for Protons........ crenees .
APB mde] F]ux Distr1bution......'............‘..".....‘.l.....

Telstar Pre and Post Russian 1 Flux Values for the 220 keV
Te]star DetECtor.OI......I..l.l...lll.lIIII...Ol!.ll......ll‘l.’

Telstar Pre and Post Russfan II Flux Values for the 220 kev
Te]star Deteciordlll.l.0-..0...-.0.....-l....."’l.l.l’..l.....(

Aﬂglﬂar RESDO"S*- Of the 005 M‘N cnﬂﬂnej..-.....-..-.....“.u...
Energy Dependent Geometry Fac:or for the 0.5 MeV Channel........

Angular Response of the 1.9 MeV Channel..ceeeesvrecraascscsanses

Energy Dependent Geometry Factor for the 1.9 MeV Channel........

500 keV Flux Versus L on Day 301, the Day of the
RUSSian II BurSt""-l---oo-o-oo..-o-uooo.-o-o.--.-..oo-.a.---.-

§10 keV Flux Versus L on Day 3-1, the Day of the Russian II

BurstOOOC..l.....l...-l..-l..l‘.ll.0'.....llI..O..Il.‘.I......I.

Time Dependence of the 500 keV Channel at L = 2.2 and

B ""0.05.-.lou--oooo.a....o.l.o..ol-..oiro-ootao-..-.-...---o-.‘

Time Dependence of the 1.9 MeV Channel at L = 2.2 and

B ."OQOSGIC-..-co.i.ll.lul..‘..ultll.t.'.-u.ll-..o.-.-l-ln..llo-

The Russian I1I Enhancement as seen by the Explorer XV
1 9 Mev channel......lll.'..l‘...l..'0'.'.lOl..lU..lIIDIQOUl....

Alouette Channel 1 FTux VersuS Leceesecesoencscscscsscasnsascces
A]OUEE‘Q c’lal’me] 2 Flux versus LQQO'QCO.clonaooo-lao....o.-cnoo'
Alouette Channel 3 Flux Versus Liceveceenscecsecesnsscsasascannn

Starfish 8ackaround Fit for the Alouette Detector
(Solid Line is Least Squares Fit).e.oeieraernienaianencanacnnnn

Page

65
68
70

75

76
82
84
86
87

89
90
91
92

94
98
99

100

102



6-5

6~-6
6--7

6-8

8-5

8-6

8-7

LIST OF FIGURES

{continued)

Starfish Background Fit for the Alouette (etectar.
(Solid Line is Least Squares Fit)..ci.eesvracrcnionarescoonnsens

Starfish Least Squares Fit Plotted Versus B.ceeeervecoarosononss

Background Corrected Flux with Error Bar. for Aloustte

Chanme ]l L. einieeinreserarerosaoncrenccaancssscaansacsanssosnss

Background Corrected Flux with Error Bars for Alouette

ChGN"E] 2-‘...!...l..l.ll.lllll..lll.llll.‘l.ll..ll..l..ll.l."l

Background Corrected Flux with Error Bars for Alouette
Channel 3...ccciaveurenns vessescesssnaseascsaassarasaasatasnnanse

Curve A is the Fission Energy Spectrum ano Curve B the
Transmission Energy Spectrum for the Traac GM Counter..... .....

Traac Data fromPieper......c...... S0t riedenesonsecnsiannnnes .

The Starad Electron Spectrometer and a Diagram of the
E1ectroniCsS.urversareisacaersasracceceatossacssscacaceosncsassas

Equatorial Pitch Angle for Starad Channel 3 at

L = 2.1 tO 2.3....‘--.'...-.‘.0--—.ao.c-...-c-o-al..lIcl..ai-a.-

Uncorrected Starad 325 keV Channel Versus L Prior to

RUSSTAN Il.uuieeeeoteeinsacoacenansacsssannonsssoscaoncnennscansse

Uncorrected Starad 955 keV Channel Versus L Prior to

RUSSiGn Ilol.-olo-.oo-b---oooooo--o-aoto-.o-ou..o-.a--.u-.nﬂ-llo

Uncorrected Starad 1630 keV Channel Versus L Prior to

RussSian Jl.ceuieeeeeioveasonvecscnnrorescecntvovosscsnasaacananss

Uncorrected Starad 2300 ke¥ Channel Versus L Prior to

RUSSTAN Jlicecueaonteaaconansesssoncrotacosonsannsnsssoansaanssnsns

Uncorrected Starad 3250 keV Channel Versus L Prior to

RUSETAN Il.euetvinescneioacessoncecsonstasvorecessassoansaasnes

Uncorrected Starad Background Channel Versus L Prior

tO RUSSian lIl-0t--lvnaon.'t--o-oo-'"--'-o.'vnnv-w&on..-..o-'-'

1630 keV Starad Channel Prior to Russian 11 Corrected
by the Counts in the Background Chamnel.........cccviiiunncncns .

Page

103
104

105
106
107
109
112
115
125
126
127
128
129
130
131

132



LIST OF FIGURES

{(continuad)

8-10 2400 keV Starad Channel Prior to Russian II Corrected
by the Counts in the Background Channel.,..eeevseecensscacacacses

8-11 3250 keV Starad Channel Prior to Russian II Corrected
by the Counts in the Background CRanNEl....veeeseevsocncsscconns

8-12 Background Channel Corrected 325 keV Starad Channel
after Ru551an II....0.0...l'....l.-..hllc.’lf.'......l'l..'.‘l-OI

813  Background Channel Corrected 955 kev Starad Channel
after Russfan II.'..-.I.I.'.........‘lI.....I.....l....l.'......

8-14 Backgrround Channel Corrected 1630 kev Starad Channel
: after Russ1an II....'..ICQIODQ'OQCOl.'.".‘-llhl"..I."..'i'.II'.

8-15 - Background Channe? cdfrected 2800 keV Starad Channel
a‘fter Russian [II...I.‘I‘...'-..I....l'.lﬂl.l.-IC.‘..I.OCCOOD-..I

8-16 Background Channel Corrected 325 keV Starad Channel

after Russfan il.ceiciaieciiencarcnncnicrencrerecrasaccccccnrans

! Pre-Starfish Count Rate vs B/Bg at 1.16 < L ¢ 1.1Veeeciuiacennns
9-2 Starfish Count Rate vs B/By at 1.16 < L < 1.17 ..... crecemcnsnce
9-3 Pre-Starfish Count Rate vs B/By at 1.18 < L < 1.20..cccvcnieeee.
9-4 Starfish Count Rate vs 8/Bg at 1.18 ¢ L < 1.20.cccucucrcncccenee
9-5 Pre-Starfish Count Rate vs B/By at 1.20 < L'< 1.83c.cicrcrccrecs
9-6  Starfish Count Rate vs B/B, at 1,20 € L € 1.23urnneenennnencenss
9-7 Pre-Starfish Count Rate vs B/Bg at 1.23 ¢ L < 1.26..cccuccccnnns
9-8 Starfish Count Rate vs B/Bp at 1.23 ¢ L ¢ 1426, .civuincencsennes
9-9 Pre-Starfish Count Rate vs B/By at 1.26 < L < 1.30.c0ec cuverenn

9-10 Starfish Count Rate vs B/Bg at 1.26 < L < 1.30..c0erecane avveee
9-11 Pre-Starfish Count Rate vs L at 1.0 ¢ B/Bg < l.Jeseccccsecnicans
9-12 Starfish Count Rate vs L at 1.0 < B/Bg < lleccrvccrcensceee e

135 .
136
137
138

139
143
144
145
146
147
148
149
150
151
152
153
154



9-13
9-14
9-15
9-16
8-17
9-18
10-1

10-2

10-3

LIST OF FIGURES

(continued)
Page
Pre-Starfish Count Rate vs L at 1.1 < B/By< 1.2.,....... cresso- 155
Starfish Count Rate vs L at 1.1 < B/Bg< 1.2..00uunnennn. ciesens 156
Pre-Starfish Count Rate vs L at 1.2 < B/By < 1.3.uiviinsininenns, 157

Starfish Count Rate vs L at 1.2 < B/Bg < 1.3iiciesunsnnnesnnness 158

Pre-Starfish Count Rate vs L at 1.3 < BfBy < 1.5......... Ceeeran 159
Starfish Count Rate vs L at 1.3 < 8/Bg < 1.5...uu.c... cerasenas . 160
Comparison of Injun, Traac and Telstar

(frm Hess et a].’ 1963)0...'...‘1..'..'.ﬂl-lllllllailllbl-‘.-'ll 162
Comparison of Telstar, Explorer XV, Alouette and

Starad to the FisSion Spectrum...sececesscasocecesesscanes evmana 163
Omnfdirection Flux at the Center of the Argus Shell as

Determined by the Jason RocketS....... cecesscne cectmaseane eenses 164
Copy of Arqus Header File......cevennne vassssnessesecassssnesass 188
Drift VGIOCity at L = 3.-' ------ PCEGIBEIN T EsesracagleO st seRB OO 198

Drift VE]OCity at L = 7.’.0-.....0-9.-.0o.o.-.oo-.i--hvb.’.o.... 199

Equatorial Drift Rates as a Function of Liveesececossncvsosseoas 200



6-1
6-2
8-1
8-2
8-3

LIST OF TABLES
Geometric Factors in cmz........................................
Geometri; Factor FOr JasSONes.cevsivisserncsvotonssosancasnsssons
Count Rate of Datectors on Flight 2019ceiusnaarsvscrasnciansnine
dJason Flight 2010........iveeterriasiiseirsivensssssinssrssssnnse
Background Coefficients for Jason...c.ceveerenneccnctaccctoancssns
Average Explorer IV Geometry Factors.esv-cressevscioscocsssnnsens
Verification of Channel 3 Calibration......cccevevaruensacaseens
700 keV Electvon_Cdmparison.............‘.....;.................

TelstaY‘ Effic{ency Va‘ues-ooo..o.o.,..o..,.0.0--.&.0....1.-0-.--

Explorer XV INStrument SUMMArY....c..ccveve. Ceeeivenene Ceeevans

Average Explorer XV Efficlency Values...coveeeecnrerccecoconnnes
Physical Properiies ofithe Alouette Detectors...vveescrescnaccss

Average Geometry Factors for Alouetie.....ucvceincvininnisinsese

Properties of the Starad Electron Spectrometere.cveecsceccencess 116

: L‘St of the Starad Data Tape‘s.....;..l.......’..l...l.......‘.’ll 120

Starad Tape Header Information....ccoeeeecescscssnosecasorsansass 121

9/10



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 base was to cover
data containing information on artificially injected electrons from the
nuclear events, Starfish, Teak, Orange, Argus 1, II, III, and Russian I, II,
IIT. If possible, the data were to be presented as the number of
e1ectrons/cm2/sec greater than a given energy as a3 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 fiux 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, 8 and L available as required.

Thus a redirection of the effort from the analysis of published documents to
an analysis of data from experimenter data tapes was begun early in 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 data 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
pringipal investigators were able to help in decoding the tapes.
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The Explorer IV Argus data set is 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 exiremely usefuil., At the completion of
the Teak and Orange effort an easy Argus effort was expected. However, it was
found that the entire Argus I, Il and III time period was missing from the
NSSOC tapes. During a call to Dr. James Vette 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 1, II, III time period; however, every single Arqus
crossing was missing. At this point a visit was made to Or. Carl McIlwain at
the Unjversity of California at San Dfego (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. These
tapes had Explorer IV data in varfous forms. These were brought to MDAC 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. [t 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 avatlable.

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

12



The remainder of this report is organized on a sateliite by satellite basis.
The kay to the analysis was the understanding of the instrument, its
calibration 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
3 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
"Analysis of Jason Data" (Reference 1). This report is 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 were found to be a subset of it. A brief
description of the experiment is presented in Section 2.1. This description
is reproduced from Reference

2.1 Experiment Descriptinn

"The radiation-detection instruments consisted of eight Geiger tubes with
various absorbers and collimators. A diagram 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 detertors utilized the same
type of Gefger 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. A1l 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 keV; the detectors in 3 and 4
had threshold energies of about 1 MeV, and the detector in Channel & was alone
with a thraskold energy of 4.3 MeV. '

1. Analysis of Jason Data, AFSWC-TR-61-82, Air Force Special Weapons Center,
K1rtian3 AFB, NM, October 1961. {AD 268400)
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Figure 2-1. Diagram of the Jason Instrument Package (from Reference 1)



The output pulses of the Geiger tubss were sequentially sampled for a time
duration of about 1/75 sec with a multi-segment commutator, and the pulses
were transmitted directly to ground stations, In the telemetry records,
regularly spaced synchronization pulses appeared, followed by pedestal-shaped
sigrals, each of which corresponded to a sempling of the output of a
particular detector, The Geiger tube pulses appeared at the top of the
pedestals. For each Chanaei, the counts per pedestal were determined visually
oy personnel of the Air Forre Special Weapons Center and recorded as a
functinn of time.

These dati, together with the trajectories of the r~ckets and the telemetry
signal strength records received by the six ground stations of the Air Force
Missile Test Center range, were used in this study.

¢.2 Instrumentatior Calibration

The entire data analysis effort was quite straightforward, A1l calibration
and data information was contained in the Lockheed Jasor report. The Jason
instruments were well calibrated and the results are telieved to be quite
accurate. The entire Jason payload was placed in a fixture and electrons of
various discrete energies were used to test the response of the detectors to
the electron beam. The payload was rotated through all possible angies and
ultimataly an effective isotropic geometry factor was derived whirn can be
used to eveluate the flux levels, The detalls of the analysis of this rather
tedious, but well-done, calibration will not be repeated here. Figure 2-2
summarjzes the geometry factors of all of the Jason Channels. These curves
were gbtained from the published tables in Reference 1 (see Table 2-1).

One thus has an energy dependent geometry factor. This data analysis effort
required finding the flux, f, greater than a certain energy, Ei‘

The electron fTux/cmz/sec greater than a specified energy can be written as

F (E> E;) = J F{E)dE (1)
i e
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Table 2-1

GEOMETRIC FACTORS IN cm’

Electron Gl 67 63 G6 G2 G8 G4

Energy

(MeV) -

0.15 0 0 0 0 0 g 0

0.2 0 0 0 0 0.001 0 0

0.25 0.0652 @ 0 0 0.00232 © 0

0.3 0.15 0 0 0 0.0028 0 0

0.35 0.212 0 0 0 0.00309 0 0

0.4 0.275 0 0 Y 0.00326 O 0
0.450 0.330 0 0 0 0.00341 0 -0

0.5 0.374 0.05 0 0 0.00354  0.00085 O

0.55 .0.405 0.17 0 0 0.00366 0.00104 O

0.6 0.43¢ 0.3 0 0 0.00375 0.00174 O

0.65 0.455  0.57 0 0 0.00384  0.00264 O

0.7 0.474 0.82 0 0 0. 00391 0.00298 O

0.75 0.485 1.07 0 0 0.00397  0.00324 0

0.8 0.501 1.31 0 0 0.00403  0.00344 O

0.85 0.513 1.55 ¢ 0 0.00408  0.0036} 0

0.9 0.5623 1.76 0 o 0.00412  0.00374 O

0.95 0.531 1.94  0.01 0 0.00416  0.00383  0.00006
1.0 0.536 2.10 0.05 O 0.00420  0.00391 0.00022
1.0 0.543 2.2 0.0 0 0.00423  0.003%8  0.00038
1.1 0.547 2.3 0.16 O 0.00426  0.00404  0.00055
1.15 0.554  2.47 0.25 0 0.00429  0.00409  0.00074
1.2 0.5659 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 O 0.00439  0.00424  0.00154
1.4 0.575 2.92 0.82 © 0.00441 0.00428  0.0Ci/4
1.45 0.578 2.8 0.94 0 0.00443  0.00430  £.00195
1.5 0.581 3.04 1.0 O 0.00444  0.00433  0.00213
1.55 0.585  3.08 .17 0 0.00846  0.00436  0.00234
1.6 0.587 313 1.29 O 0.00447  0.00438  0.00252
1.65 0.590 3.17 1.40 O 0.00843  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 61 67 G3 @6 ¢4 és &4

Energy

(MeV)

1.75 0.55 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 1.8 0 0.00452  0.00448  0.00336
1.95 0.603 3.3¢ 1.92 0 0.00453  0.00443  0.00345
2 0.605 3.36 1.98 0 0.00853  0.00450  0.00353
2.25 0.612 3.42 2.21 0 0.00455  0.00453  0.00377
2.5  0.619 345 2.39 0 - 0.00457  0.00456  0.00389
2.75 0.624 3.47 254 0 0.00458  0.00457  0.00396
3.0 0.626 3.48 2.67 O 0.00458  0.00458  0.00403
3.25 0.629 3.49 279 0 0.00458  0.00458  0.00410
3.5 0.631  3.49 2.89 © 0.00458  0.00458  0.00415
3.75 0.63¢ 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 3.3 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  1.00451
6.5 0.635 3.52 3.4 0.440  0.00458  0.00458  0.00453
6.75 0.635 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  0.00858  0.00458  0.00455
7.5 0.635 3.52 3.45 0.720 0.00458  0.00458  0.00456



Table 2-1

(Concluded)
Electron G1 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 0.635 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
8.75 0.635 3.52 3.48 1.078 0.00458 0.00458 0.00458
9.0 0.635 3.52 3.49 1.149  0.20458 0.00458 0.00458
10.0 0.635 3.582 3.4 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 f(E) is the differential flux in e]ectronslcmzfseclkev. (The upper
limit of = is mathematically correct; however, when the eguations were
numerically integrated on a computer an upper limit of 20 MeV was used;

© will be used in the text to maintain mathematical correctness.) With a
detactor whose geometry factor is g%ven as 3 function of energy the number of
counts/sec, Ci, that the detector will see can be written as

-]

C; = 7 63(E) f(E) dE (2)
0

where Gi(E) is the energy dependent geometry factor for. the ith detector,

and Ci is the count rate of the ith detector. Given Ci for a number of
energy channels it is then theoretically possibie to invert the integrii and
determine f(E). This {is, however, very tedious and is seldom used, A simpler
and also more accurate procedure can be used if the spectral shape does not
vary rapidly from point to point.

For the ith detector which has a response to electrons ahove energy Ei’ an
average geometry factor, &, can be determined such thr. the count rate,

Ci' for this ith detector is represented as

¢, =B, [ F(E) c- (3
Ey

= Ei FLO > &) (4)

Combining the above equativa for C; with the exact equation, Ei can be
evaluated for a given channel.
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OI 6,(E;) f(E) dE

= (5)
[ f(E) dE
&
and
F(E>E ‘i (6
( >i)=Ei°' )

Ei is, of course, sensitive to the form of f(E). For ultimate accuracy an
f(E) is assumed and the Ei are calculated. E} is then used to evaluate

F(E > Ei)' which can then be used to find the f(E) and if the new f(E) is
substantially different from the initial f(E), then an iteration process is
used to find Ei' In this study an approximate fission shape was used to
determine the Gi for each of the detectors and an iteration procedure was

not necessary. 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
also used in this analysis. These energies are the thresholds where the
counters first start cbunting. The energy labels assigned to the chanrel are
somewhat arbitrary because the procedure evaluating E} uses whatever
assumption is made fur the energy channel labels and determines the
appropriate Ei for the assigned Ei that is consistent with the assumed
spectrum,

The spectrum used to determine E} is
f(E) = 4 x 208 ol-2-38E) E < 1 Mey

(7)
FE) = 1,14 x 108 {111 ED g o g pey
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The Gi for the Channels used in the analysis are given in Table 2-2.

Table 2-2
GEOMETRIC FACTOR FOR JASON

Channel E 1
Number [
1 0.21 Mev 2.62
3 1.0 MeV 0.719
6 4.3 Mey¥ 6.09
7 0.44 Mev 0.582
8 0.44 MaV 286.0

2.3 Data Analysis

Data from the five flights were available in Appendix A of the Lockheed
report. Table 2-3 15 a sample of one of the tables, The tables 1ist the
counts/second for the various enerqgy 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. A function dependent on counts was used to enter
the errors.

A second set of tables (see Table 2-4 as an example) listed the trajectary
parameters as a function of time, The time, magnetic field strength, B, and
the logarithm of the invariant, J, were entered into the computer. J and B
were converted into B and L using a simple conversion program and Hilton's L
program, The Togarithm of the invariant, J, given in Table 2-4 s 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:

oY
L= | (&)
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Table 2-3
COUNTING RATES QF DETECTQRS ON FLIGHT 2019

Flight Tiro Avorago of

Interval (sec) Channels Shannel 7 Channel 3 Channel § Channel 2 Channel 8 Chamnel L
From To _1&5

T 184 3850 + 147 2300 + 160 1010 + 100 10+ 20 307+ 68 0 0

192 199 4900 2960 * 1ko0 1570 + 100 18+ 10 138+ 62 o 15+ 13
208 215 6590 3520 + 150 2010 + 115 25 + 12 183 + 52 0 12 + 12
221 23 7360 + 131 3250 + 10 1910 + 88 IT+ 9 665+ 70 8+10 6% §
24 25k 9560 4350 + 136 3kk0 + 150 25+ 9 1320% 122 112 2

261 2713 12,100 4750 + 140 2L20 + 100 26+ 10 1C30+ 76 0 17+ 10
20 294 13,100 £ 170 5200 + 140 2750 + 103 bh + 12 1220 + B3 28+12 9

300 13 14,500 5810 2900 + 10k 29+ 11 1350+ 22 PF12 18 +9
321 328 1k,900 6180 + 200 3360 + 115 66 + 21 1540 % 37 1B+10 I+3
3 348 18.400 6360 3680 % 160 18%¥13 1720+ 130 18%13 2

162 73 17,500 6370 + 180 3960 + 128 bh 4 1% 20804123 13+ 3 2l 412
281 194 18.000 + 210 T190 * 163 3860 + 125 2y 9 2A00F W2 26312 5% 3
Lol kay 20,k00 * 220 TT60 3590 ¥ 120 8% 5§ 2120% 116 66 2ux 12
b2y, k33 20,500 £ 220 TT40 3890 + 123 36+ 13 18310+ 101 45 E 16 S+ 3
L3 ks3 20,100 & 210 8350 + 180 4120 + 126 86+19 2100%115 32+13 £%6
51 A7 2L,300 + 2ho adi0 260 + 120 L6+ 13 2170+ 110 35+ 13 15+ 9
SoL 508 19,500 + 280 8950+ 237 L5294+ 17h L2416 22204 1856 52420 2

516 sk 18,500+ 284 9120 Loy 165 683 21 2270% Ul 29,17 13, 13
533 sko 18,100 + 270 9820 Lbko ¥ 182 Le¥ 18 22804151 27315 07
sy 556 17,L00% 270 9500 k2503 * v W8T 18 2220y W3 167 1 134 13
565 571 19,300 + 290 9630+ 206 L3904+ 187 S, 23 22404 M1 29, 22 13, 13
581 588 22,100% 250 10,900 1680 ¥ 130 2721 2690% 170 ¥l 1T 1
596 18,800% 280 10,700 1720 % 18L 58F 20 20607% 1h9 9% 9 117 In
629 636, 13,500+ 260 11,100 ko0 ¥ 182 617 & 1oy 133 203 1 -
&5 652 10,500% 200 51004+ 250  W6LOY 170 38F 15 12303 19 L9y 22 104 10
&55 667 33,3004+ 170 11,9004 222 5280 4 LS L8413 1320, 88 61,18 15, 9
681 (3-8 11,800% 160 13,000~ ST10% 145 83y 1L 83% 70 3MF 3”
700 7 87203 W0 12,900+ 223  6100F W7 86T 17 ST 53 S5F 16 234 10
()] 727 9380+ 1o 18,600+ 273 8080+ 172 2% 14 k8% S1  2h¥ 12 23+ 10
721 ML 9200+ 10 18,700 8180 + 166 B5% 1?2 L1+ S1 33+ 13 26 12
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Table. 2-4
JASON FLIGHT 2019

Flight Vegt torta Rocket Hagnetle Altitude” Mtitude
e el L = A AT
2.00 T5.61 52.60 282
2.50 7539 52.69 w7
3.20 75,36 53.17 Lk
3.50 75.33 53.45 513 0.b300 10.228 510 139
b.00 75.31 53.72 516 0.4169 10.218 573 259
k.50 75.28 53.99 631 0,4054 10,206 523 33
$.00 7525 54.25 679 0,395k 10.395 STé %6
5.50 75.2h SheS51 ng 0.3872 10,182 - T L9
6.00 T5.21 STV 753 0.3806 10.170 51 i3
6.50 75.19 55.03 T80 0.3753 10.156 1 63
7.00 5.7 55,28 800 0.3710 10.142 19 436
7.50 75.15 59.53 a3 0.3530 10.128° 412 301
8.00 T5.13 55.79 8320 0. 3600 10.112 313 529
8.50 75.11 56.04 819 90,3651 10.095 313 510
9.00 75.08 56.29 812 02,3654 10.030 312 503
9.50 75.06 56. 54 798 0.3687 13.062 75 © 37

10.00 75.0% 56.80 ™ 0.3691 10,063 yor s L33

10.50 75.02 57.05 750 0.372%5 10.022 750 AN N

11.00 75.00 57.31 nse 0.3772 9.399 Ta a2

11,50 74.98 57.57 6T 0.¥13 3.976 515 Ky

12.00 .96 57.83 626 0.3910 7.953 326 325

12,50 %.93 58.10 570 0.k001 9.929 b2 27

13.00 74,91 53.38 507 0.b108 9.903 scd 223

13.50 Tu.89 53,65 Lk

.00 .87 .56 B e et pione st 5 Went Losgiens

T0T8: Single and double asterisks refer to last two columns

of Tables 7 through 12

*nAltitude in southern hemisphere whersa magnetic field intensity
‘(along local magnetic line of force) is sawe as thet at the
position of the rocket.



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 from 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
Teast squares fit in 8, L space was used to evaluate the background measured
by flight 2042, The background function is

B L (9)

/
BK1 8, L) = a, + bis + C; L+d

i i

Where BK1 gives the background in counts per second for the ith channel,
3y, bi’ Ci» and di are coefficients for the ith channel and B and

are the Mcilwain 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 possible for the 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 COEFFICIENTS FOR JASON

CHAN

b

—ew iy wm

c

d

B VWV O W W e

~-.18645724E+05
«13225681E+05
~.97265572E+03
«57948358E+03
-93666545E+04
«31203721E+04

~.33241116E+0%
-+435872|SE+05

.03142711E+04
~.13721005E+04
~.33228643E+05
-+ 7998%3845E+04

. 19674592E 495
-.16899943E+04
+43185220E+03
-, 21212237E+03
-+ 16638987E+04
~.12398078E+04

- .11503467E+05
. 78067239E+04
-.99867263E+03
.52182959E+03
.8748708BE+04
-31920189E+04




Since the raw counts used to determine the counts/second were not given in the
data listing, the standard v N 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

.519
Es = 2,23 (NU) {10)

was fit to the data set. ES js 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 givaes the error due to dead time as a
table.

The function
' -5 2
ED =1.93 X 10 (ND) (11)

was found to fit the dead time error data very well. Ep is the error due to
uncertainty in the dead time and N 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 aver a very limited region of space adequately represents the
background over the entire region of interest and the uncertainty of the
{ntercalibration between flight 2042 and the other flights. The
intercalibration uncertainties were determined to be small. The fit
~uncertainties were estimated to be no Targer 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. Both legs (up and down) gave a B dependence. Since
there were at best two data points for each L, an assumption of smoothness



(1.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 Timited region of
space. Thus

Eg = 0.5 BK, (12)

wheée EB is the error in the background count rate and BKi (see Equation
9) 1s the background count rate as determined from the fit.

-The error in the calibration is also difficult to estimate since the accuracy
of geometry factor evaluations are not included in the Lockheed document. In
evalvating the G; for the various channels (Section 2.2) 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 €238 torm was varied from e=1+9% ¢4 e 288 phig

changed the calibration values by no more than 30 percent. Thus
Eq = 0.3 Ny (13)

where ER ijs the error in the data rate and-ND is the data count rate. The
most probable total, Er, the error in the count rate for a gfven channel due
to electrons injected by Argus, was determined to be

F I T
ET.v€5+ED+EB *Ep . (14)

The flux and error estimates for each channel was calculated using

FE>E, 8, L) __1& (Ny * Ep) (15)
1 :



Section 3

EXPLORER TV

The Explorer IV satellite was the only detector available for the Teak and
Orange serjes and the only satellite measurement of the Argus series. The
Arqus series was supplemented using the Jason sounding rockets. However, the
JASON measurements occurred near the top of the atmosphere and the Argqus
electrons obsarved by the Jason rockets were quickly (in several days) removed
by the atmosphere. Thus Explorer IV is the principal data set for Teak,
lrange and Argus.

A substantial amount of published data was available for Teak in Reference 2,
The data is 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 only a few isolated passes of data were available using the thesis of
Manson (Reference 3), Paikeday (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

f ————

2. D. J., Fennell, J, F. George, J. A,, Hickerson, Jd. L., Maldonado, G. V.,
Webber, A, H,, Review of Artificial Radiation Belts, Explorer 4;
Unidirectional Trapped Radiation, Injun 1, DASA-2309, 1969,

3. M™anson, D. J., Van Allen Radiation Belt and Arqus Directional Flux
Density Distributions, Explorer IV Satellite Data, (Thesis) Saint Louis
University, Saint Louis, I11inois, 1957,

4, Paikeday, J. M., Interpretation of Oirectional Flux Densities in Argus
Shells, Explorer IV Satellite Data, (Thesis) 3aint Louis University,
Saint Louis, [11inois, 1966.

5. George, J. A., Omnidirectional Fluxes; Explorer 4 Satellite Data, Argus
Events 1 and 2, (Thesis) St. Louis University, St. Lowis, I11inois, 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 Orange., However, as described in
the inv.mduction, six different data sets (three from NSSDC and three from
UCSD) failed to locate the required Argus ds'a. The Argus data were finally
found in a report.that was originally classified and then was subsequently
declassified (Reference 6).

The Explorer IV data consisted of data from three different detectors.
These detectors are described in Reference 7, A portion of this description
is reproduced below. '

3.1 Experiment Description

"Channel 2 is a circular disc of plastic scintillator (National Radiac
scintilon), thickness 0,178 cm, diameter 0.762 cm cemented on the face of an
RCA photomultipiier 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/ej, where j is the unidirectional
intensity in particles[cmz sec ‘steradian) of the scintillator was G =

0.040 cn’ steradian through an aperture covered by 0.14 glcm2 of

aluminum, The geometrical- factor as a function of stopping power rose
rapidly for stopping power greater than 1.6 glcmz to-an asymptotic velue

of 6 = 4.2 em® steradian {(or Go = 0.334 cmz) for stopping powers

greater than 5 glcmz. The collimating apertures were such that the area

of the scintillator 'visible' through the foil had fts full value for a cone
of half angle 6° and fell lineariy to zero at a half angle of 19%, Tne

6. Argus I, [1 and 1II Observations . &h Explorer IV Satellite {Supplement
Report) Department of Physics and Astronomy, State University of lowa.

7. Van Allen, J. A., Mellwain, C. E., Ludwig, G. H,, Satellite Observations
of Electrons Artificially Injected into the Geomagnetic Field, Journal
of Geophysical Research, 64, 877-891, 1959.
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electronic bias was selected so that about five per cent of the g-rays from a
T1204 source on the ogutside of the stopping foil were recorded. The upper
limit of the g-ray spectrum of 11204 is 780 keV. A weak T120¢ 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, Qverall response of the system was well represented by the
following edquation: :

RS e (16)

in which r = apparent counting rate, T = 91 usec, R = true counting rate,

Two scaling factors were provided in order to extend the dynamic range of the
system: Channel 2 with a scaling factor of 2048 and Channel 5 with a scaling
factor of 16.

For channel 3 the basic detector was an Anton Type 302 Geiger tube. It was
not deliberately shielded but was more or less surrounded by a miscellany of
electronic components and mechanical structure such that the omidirectional
geometric factor G0 was 0.14 cmz for a stopping power of 1.2 g/cmz and

rose to its full value of 0.705 cma for stopping power of 5 glcmz. The
material in the low stopping power case was mainly stainless steel. The
performance of the overall circuit was found in detailed calibrations to be
well represented by the following equation:

ra= Re'RT (17)

where r is the apparent rate, R the true rate and t=x 62.5 *+ 1.3 usecs. The
useful dynamic range for filtered 50 keV 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 intensity at rates below
1000 counts/sec. No difficulty was experienced in practice in resalving the
ambiguity presented by the fact that r was 3 double valued function of
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radiation intensity. The maximum value of r was easily read an the
telemetered record due to the large scaling factor, namely 2048.

For Channel 1, the basic detector was again an Anton type 302 Geiger tube.
The tube was surrounded by a lead cylindar of 1.6 g/cmz thickness and was
further shielded on the ends by lead plugs of somewhat greater thickness.

- 0 14 cmz for a total stopping power (lead + stainless stete of 2.8
g/cm » and G, has substant1ally jts full value of 0.823 cm for stopping
powers greater than 6 glcmz. Channels 1 and 3 were located side by side
with center line separation of 3.6 cm. The maximum observable counting rate
"of Channel 1 was determined by the infarmation-band-width of the telemetering
system. It was about 1500 counts/sec under favorable conditions. The low
scaling factor, 64 was selected in order to get a determimation of radiation
intensities at low altitudes during the often-brief periods of satisfactory
telémetering reception by a given station on a givan pass, Periods as brief
as one or two minutes were anticipated and did indeed occur not uncommonly,
though many 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 September 3,
Channels 1, 3, and 4 continued to operate properly until September 19, The
higher powered transmitter ceased sanding signals on October 5. There is no
reason to believe that the demise of the apparatus was due to any other cause
than simple exhaustion of the baiteries,

3.2 Calibration

The Explorer IV instrumentation consisted of two separate detector setups.
Channels 1 and 3 are Ge1ger~Mul]er counters. Channel ? is a plastic
scintillator,

3.2.1 &Geiger Tube Calfbration

Channels 1 and 3 consist of two Anton 302 Geiger tubes. These tubes have
reasonably isotropic response, The geometry factor varies with energy and 1s
given 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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wherelﬁ} is the average efficiency for converting counts to the eiectron
fiux, F (E > Ei)' greater than energy E.. Gi(E) is the energy dependent
geometry factor (Figure 3-1); f(E) is the differential fission spectrum (see
Equation 7). Thus

(18)

F(E>Ei)=c—1 ' {19)
L'i :

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

Table 3-1
AVERAGE EXPLORER IV GEOMETRY FACTOR
i
Channel No. E; 51
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
data obtained before the Teak burst against the predictions of the Vette
environments. To facilitate this comparison, an iso-intensity contour plot of
the Exptorer IV calculated glectron 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 if 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 used to determine the natural
electron fluxes. Therafore 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 proton spectrum gives an average geometry factor for
protons of about ~ 3. wuhen this proton geometry factor is used one gets the
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proton counts in Table 3-2, From Table 3-Z it is apparent that the Explorer
couni rate in the absence of a nuclear-burst-induced 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 two detectors are similar, no
special problems are expected.

Table 3-2
VERIFICATION OF CHANNEL 2 GALIBRATION

L B  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 .8 1.5 x 10t 2900 . 235 2300

1.5 .16 3 x 10% 5800 400 3000

1.6 .16 1.3 x 104 2500 . 680 2000

1.6 .12 2.7 x10% - 5300 390 4000

1.7° .16 9 x 103 1800 39 1300

3.2.2 Calibration of Plastic Scintillator

The plastic scintiliator is a directional instrument and was strongly affected
by the tumble of the spacecraft. The theses of Paikeday (Reference 4) and
Manson (Referance 3} work out in great detail how the obsarved counts were to
be converted to true counts and how these true counts were then converted to
omidirectional 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 relationship follows:

¢
. bs

= 349 —225 (20)
Crrue T= (.

where Crp e is the true omnidirectional count rate, Copg 15 the observed
directional count rate and v is the dead time (91 psec). Figures 3-3 and
3-4 from the publication verify this conversion. To convert the true count
rate to omnidirectional eTectrons/cmzlsec greater than 700 keV, the
foliowing relationship (Reference 5) was used

F (E > 700 keV) = 28 Crrue (21)

As in the case of Channel 3, the Explorer IV measured elegctron fluxes (the
maximum fluxes from the data tape were used) are compared with the fluxes from
the Vette environment. Figure 3-5 is an {so-intensity contour plot in B-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 Explorar 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 keV ELECTRON COMPARISONS

L ' 8 Explorer IV Yette Electron
Fluxes Environment
1.4 0.18 1.5 x 109 2 x 109
1.4 0.18 3 x 108 5 x 105
1.6  0.14 1.5 x 105 1.8 x 108
1.5 0.13 2 x 105 3 x 10°
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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 Analysis ‘

The NSSOC data tape gave the data for omnidirectional counts for Channels 1
and 3 and the maximum, 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 1/G to give
elertvons/cmzlsec. 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 values 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 ODrange are well above background,
For Orange the flux {s 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 intp 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 Arqus Data Analysis
The Argus data analysis consisted of analyzing. the graphs from Referencc 6.
These graphs contained the true count rates for the 3 MeV and the 6,2 MeV
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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 digitization procedure produced only counts versus time.
The plots did not have any position information. The University cf lowa
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 Explorer 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 8-L values were merged with
the digitized data set., The final data tape was then produced with relative

ease.

3.4 Error Analysis
Error analysis of the Explorer 1V 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 data were given as countsfsec. 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 Channal 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 Aﬁgus 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 estimated that the error in this conversion is
no worse than 50 percent. Since response 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 in the
calibration factors were possible using reasonable changes in geometry factor
and energy spectrum. The bremsstrahlung effect was impossible to estimate. .
It 1s expected to be small for Channel 3. However, the 6.2 MeV channel may be
influenced by bremsstrahlung. 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 run
using electron and X-ray transport in matter. This was outside the scope of
this effort. 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 small.

Background errors for Teak .and Orange as well as Argus are 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 typidal]y no worse than 10 percent and almost always better than
20 percent. The statistical flux error is Es - M2 /’ﬁb?, where M2

is the multiplier to convert counts/sample to flux and Np, are the data

counts in channel 2, The error equations used in this analysis were

for Channel 2

Erp e /My 72+ (056,02 + (0.3 )% + (0.2,,)2 (22)

57



where ET2 is the flux error, F, is the channel 2 flux, and FBZ is the
Channel 2 background flux,

for Channals 1 and 3

Ery = /i1, /N307+ (035 F2+ (0.2 Fyp)? (23)

The definition of variables is the same as above, except i represents Channels
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,
Inftial attempts to work with the published data sets and rectify some of the
known problems with the TELSTAR data were complicated by the Jack 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 wonld 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 is now believed that the TELSTAR data is reasonably
consistent with the other data sets.

4,1 Experiment Description

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

“The BTL electron detector is mounted so that it protrudes through the
satellite skin and looks out perpendicular to the spin axis. Particles are
accepted in a cone having an angle of 20 degrees with an 82-mi{l-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

8. Brown, W. L., Buck, T. M., Medford, L. V., Thomas, E. W., Gummel, H. K.,
Miller, G. L., Smits, F, M., The Spacecraft Radiation Experiments, The
Bell System Technica) Journal, 42, 899-.942, 1963. -
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{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 unfoided 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 thgy produce, but their energy cannot be
directly deduced.

In the Telstar electron detector, particle pulses are sorted into four pulse
height channels: 180-280, 285-430, 390-615, and 635~300 keV, The bottom
edges of these channels correspond to 215, 315, 420, and 660 keV, taking into
account the energy lost by etectrons in penetrating the 0.3-mil detector can
window and an additional 1.6-mil aluminum absorber used to remove protons of
less than 2.3 Me¥, Pulses from two of the four channels are fed to the l4-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 1imit of the
channel,

The electron detector is potentially susceptible to background problems from
protons. The addition of the 1.6-mi1 aluminum absorber eliminataes the problem
for very low energy protons. In addition, the top pulse height channel is-
closed. Pulses in excess of 990 keV will not be counted. To be recorded,
protons must have energies greater than 2.4 MeV to penetrate the entrance
window and leave at least 180 keV in the detector, but energy less than

2,7 MeV, so they do not leave more than 990 keV (a shield that stops 2.3-MeY
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protons will extract less than 2.3 MeV from 2.7-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 1-MeV Van de Graaff generator and also with 17-MeV protons from the
Princeton cyclotron (these calibrations wera 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 junctien
detector, particularly in the case of the electron detector, where pulses
corresponding to particle energy losses in the detector of less than 200 keV
are to be measured, Spurious noise pulses which even approach this threshold
level are serious because of the distoertion they produce in the pulse hefght .
distribution. The noise in low-noise devices can be examined most easily, not
in terms of the probability of finding a spurious pulse equivalent to 200 keV,
but as a broadening in the distribution of pulse heights produced in response
to a series of uniform electrical pulses artificially introduced in the
detector. The full width at half height of this pulse height distribution is
measured and expressed in terms of an equivalent particle energy. Such noise
1inewidth measurements were obtained in all detectors under standard
conditions, and in a number of cases whole sequences of nojse measurements
were made throygh a series of environmental tests.”

4,2 Telstar Calibration

The Telstar calibration used in the literature converts the counts to total
fissfon electrons greater than O keV, The Telstar 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 spectrum of the observed electron fluxes led us to a complete review of
the Telstar 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, -2 and 3 have an enhanced
response over 3 limited energy band, there is a3 large response at much higier
energies. To check the effect of this high energy tail in the efficiency
curve, the response functions were folded into a fisston spectrum, f(E) «
e"l'1 E. The counts seen by the 1-MaV 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 énergy Jess 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 time to remove the high enerqy tail of
this response function and create a detector response that is limited to the
specified anergy. Since the response of Channel 4 looked similar to the high
energy tail, various percentages of Channel 4 wera subtracted from Channels 1,
2 and 3 in order to make the response of the detectors more specific.
ATthough this effort made the response functions 1ook more like true
differential detectors, this technique produced spectra which were
inconsistent and could not be interpreted (the correction was too energy
dependent),

1t 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 hiave an integral response. Thus the entire BTL calibration was
reworked beginning with 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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Ci = Gj: e, (E) f(E) dE (24)

where C; is the counts/sec of the {th channel, & is the geometry factor of
the fixed acceptance cone, Ei(E) is the energy dependent efficiency curve,
f(E) 1s the electron specirum in e1ectrons/cm /sec/keV.

The integral flux, the flux of electron above some energy E1 is given by

-n
—
m
m
P
——
[ 1}

l " ey o (25)

i

To simp1ify the conversion of counts/sec to integral flux, we need to deter-
mine an average efficiency-geometry factor such that

Gf e.{(E)f(E) dE
0

= (26)

o

f{E) dE
E.
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The above integrals were initially evaluated using the fission spectrum.
However the resultant E} E} produced spectra stesper than the fission

5f$cgga. Thus the G E} ki
e "7 and the resultant G,

seen by Telstar.

were reevaluated using a spectrum of the form
€

; were used to determine the integral flux as

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 spactrum must have a negative slope,
Considerable affort was expended at this point checking the calculations and
reevaluating the efficiency values for many differing exponential and power
Taw spectra. Nothing helped very much. The spectra continued to have a
positive slope. We began to doubt our ability to decode the tapes properly
ang 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 is sensitive to protons only
in the range of 2.3-2.7 MeV and that the number of protons in this range is
insufficient to produce any contamination of the observed count rate,

However, the Vette AP8 environment was usad to determine the number of protons
in the specified energy range; thic 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 was 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 spectrum
between 2,.3-2.7 MeV is flat to within 15 percent (i.e., the change in
intensity over such a small energy interval is small). Thus an energy
independent 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
absorper (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 AP8 2 MeV-proton curves
into the computer and using a linear interpolation routine to evaluate the
2-MeV flux values at a given B and L, Figure 4-5a and 4-5b are copies of the
APB curves used to evaluate the proton background. The AP-8 curves gives 8
and L a dependence of the proton flux. The geometric conversion factar 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 flux
curves to'proton counts was found to be 2.0, Multiplying the Vette APB 2
MeV protonslcmzlsec‘by the factor 2 produced a correction 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 counts/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 YALUES

T Channel Energy ;l:
Number G e
1 220 keV 7.3 x 103
2 320 ke 6.6 x 103
3 420 keV 6.5 x 103
4

660 keV 1.3 x 104

4.3 Telstar Data Analysis

Initial work using published data was unable to produce the integral flux
values 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 contamination. The
proton contamination would not have been discovered if only published results
were used.

The Telstar data tapes were writtan in IBM packed format and an assembly
language program for the CDC Cyber computers was developed to read the tape.
After the tapes were finally read and converted to COC useable numbers, the
published geometry and correction factors were applied and comparisons 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 several weeks it
was still impossible to rectify published and calculated data. Finally,
iso-intensity contour plots in B8, L space covering the same time interval as
{so-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 tecihnique solved the mystery. The four channels had
different 8, 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
pecorded data contained a bit indicating high and low amplifier bias. If the
sense of this bit was changed, the 8, L dependence matched the published data
within a multiplicative constant, This multiplicative constant was calculated
and found to agree with the pubiished geometry factor.

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

Once the channel identifications were unambiguously defined, the data set was
ready for processing. [f tae data quality control bit {contained on the NSSDC
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, B, L, look direction
and data were generéted.

4.4 Background Evaluation

For the Starfish bufst,_the most important background source was the above
described proton contamination, The electron fluxes observed by Telstar were
well above what is now our current understanding of the natural flux electron
Tevels., 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 electrcn flux is the background lavel.

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 B and 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 [ 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 much 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 conversion to isotropic flux.

The Telstar detector was designed to be a differential instrument. However,
sensitivity to high energy electrons permitted its use as an integral
instrument. [ts non-uniform response over the large energy range can
introduce substantial possibilities for error, The efficiency factors were
strongly dependent on the electron spectra. Sma]l 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 ail of the
data for a given channel the same way) error of approximately a factor of 2.

The statistical error is given simply as the square root of the number of
counts/sample. Additional errors such as conversion from the spin-averaged
isotropic fluxes, to the true isotropic fluxes, errors in ordit, etc., are
quite small and are less than 30 percent. Changing the proton background up
by 30 percent produces negative flux values over a substantial space region
and decreasing the proton contribution by 30 percent produces a substantial
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region where the fluxes cause an integral 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 errvor for the Telstar count rate is

£ = /Es2 « £ + Eg (27)

D
£ = /Ny (28)
Ep = 0.3 Hy {29)
Eg = 0.4 Ng (30)

where ND is the counts/sample, NB is the background counts, and ET is
the total counts rate error, ED is the deterministic error in the channel to
channel calibration and Eg 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 Il 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, DOne was a BTL instrument measuring electrons in three
different energy ranges, and the other an instrument bv C. McIlwain measuring
electrons in a single energy. The initial analysis was started using the 8TL
instrumentation 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 tape read program is usyally 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 minor ¢hanges.

5.1 Explorer XV Experiment Descripticn

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.

“The 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 regjon by high altitude nuciear
explosions and the subsequent disappearance of these particles by atmospheric
scattering and other loss mechanisms, Explorer XV was launched on October 27,
1962, three and one-half months after the 8.S. Starfish nuclear test in the

9. Documentation of the BTL Satellite Data Tapes, Bell Telephone Laboratories,
Murray RiT7, N.J.
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Pacific and five days after a hign altitude nuclear test by the Soviet Unibn
on Jctober 22, On October 28, a few hours after launch, the satellite
observed the addition of new particles 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 Scviet series. There were thuys opportunities to observe
transient phenomena associated 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. [t was also possible to carry out measurements on relatively Tow
energy protons whose distribution in space had not previously been determined.

All of the particle experiments by Bell Laboratories on Explarer XV made use
of semiconductor p~n junction detectors as their particle-sensitive elements.
The p-n junction region of the detector contains a high electric field
developed by an applied bias potential. This region is a solid state
ijonization chamber in which holes and electrons creatéd by a high energy
charged particle are c611ected and produce an output pulse., Holes and
electrons are generated in silicon in proportion to the energy lost by
incident .particles. Thus the output pulse of charge is in magnitude
proportional to the amount of energy the particle 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 100. 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 change in bias, it is
possible to distinguish electrons and protons firrom one another in this type of
davice. These detactors have autput pulse rise times of less than .2 usec.
As a result, they can readily be used to study the particle distribution in
the high intensity regions af the inner and cuter ¥an Allen belts.

Particles are intended to reach the detector througn an aperture 2 mm in
diameter in the 1id of the can. This aperture is covered with a 0.3 mil Kaval
diapnragm which completes the vacuum tight encapsulation of the device to
avoid changes in its surface. This window aiso serves the important function
of excluding lignt and very Tow energy particles which are heavily 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 mg/cmz.

The experiments ut:lize six detectors of the type described above, mounted in
different arrargements of shielding and provided with different thicknesses of
absorber 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 dete: 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 this lower value, the active thickness is reduced to
approximately .12 millimeters. 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 Me¥ in such a thin active region, The
detection efficiency for low energy protons is essentially 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 discrimination jeve], the detection efficiency for
eiectrons is éxtremely small and the detector counts onl:* Tow energy protons."

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

§.2.1 Calibration of 0.5 MeV Channel

The detection characteristics of this detector have been measured with a
sr0 beta suurce and with monoenergetic electrons up to 2 MeV, The angular
response of the detector is shown in Figure 5-1 with the Sr'90 source.
Measurements were made with essentially point source geometry, The detector
i« displaced behind the truncated end of the entrance cone of the shielding
block in order to reduce the probability of electron scatter into the
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Tabie 5-1

EXPLORER XY INSTRUMENT SUMMARY

Pulse
Height
Oiscrim, Absorber
Detector  Channel MeVt _g/em
) £l 0.408 0.020
£4 2.7 0.020
B E2 0.411 0.42
C E3 0.408 0.84
D ES 0.402 6.3
£ £6 0.410 0.020
3 €7 0.413 0. 41

Effective
Threshold Math. Geometrical
Energies Full Geometrical Factor
Electrons Protons  Angular actor for Electrons
MeV MeV Aperture  cm® ster. cn? ster.
0.5 2 20° 2.9x107° 6.5x 107"
2.8 4.0 20° 2.9 x 1073
1.9 15 or (20°)  *2.0 x 1073 5.5 x 107%
2.9 22 2r (30°) *6.5x 1070 -9 x 107
background . 2 x 1071
0.5 2.1 10° .7 x1w0% 1.6 x10™
1.9 15 14° 9.4x 10 %  _1.5x107

*Assyming uniform scattering over 2w solid angle for electrons penetrating a hemispherical dome.

tEnergy equivalent of charge pulse required by the discriminator.
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detector. The sharpness of the cutoff in the detector response 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
elactrans. For energies up to one MeV, an electron Van deGraaf at BTL, Murray
Hill, was 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 mq/cm2 entrance

window and satisfying the 0.4-MeV pulse height requirement of the
discriminator., The mathematical geometrical factor given in Table 5-1 is
approximately 29 x 10’4 cmz steradian. Thus the peak efficiency of the -
detector, which occurs at an energy of about 1.7 MeV {5 between 35 and 40
percent. The active thickness of the silicon p-n proton detector is 0,37 mm
and a minimum fonizing 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
probabjlity in the active thickness and slowly increases toward higher energy
a5 the mean energy loss drops below the discrimination level.

The energy dependent geometry efficiency factors were folded into a fission
spectrum as described in Section 4.2 and an overall effective average geometry

factor for jsotropic fission electrons was determined.

f ?G(E) £(E, %) dE d
4v o

o
H
-~
w
ey
L

§ ?f(s,sz) dE d2
4 0

where G(E) is the energy dependent geometry efficiency factor in
cm2~sterad1ans, f(E) is the fisgion flux in e]ectrons/cmzlsec/sterlkev,

and G is average geometry-efficiency factor for converting flux greater than
0.5 MeV to counts/second.
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figure 5-2. Energy Dependent Geometry Factor for 0.5 MeV Channel



5.2.2 C(Calibration of the 1.9 MeV Channel

The angular response of this detector is shown in Figure 5-3 as measured with
a‘SrgO source. This detector depends on the properties of the trace
scattering disc for its wide angle characteristics. The curve 1/2 {1 + cos e)
shown on the figure is the response that would be obtained if the electrons
were isotropically distributed in angle when they penetrated a truly
hemispherical disc, The actual disc -is elongated to compensate for the
incompleteness of the scattering, but the detector {c nonstholoss g factor of
approximately 2 down in 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 shows the effentive geometrical factor for monoenergetic electrons
up to 2.8 Me¥. The brass dome, 0.42 glcmz in thickness, broadens the rise

of the detector response because of the statistical variability of electron
energy 10ss in penetrating the dome. It was not feasible to extend the
medsurements above 3 MeV and the dashed 1ine is a reasornable extrapolation to
higher energles. 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 slawly if at all,

The effective average efficiency geometry factor to convert total isotropic
flux above 1.9 MeV to counts/sec was determined in the same manner as for the

0.5~MeV detector.

5.2.3 Calibration of 2.9 MeY Detector

This detector has a brass scattering dome 0.83 g/cm2 in thickness., This is
too thick to make measuremants with a Srgo source and too thick even using
the high energy Van deGraaff to sse more then the start of its energy
dependence. As a result, the geometrical factor and the equivalent threshold
energy for this detector have been estimated by analogue with the 1.9-MeV
detector.
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500 ke¥ and the 1.9 teV channel, Note the increase on day 301 due to Russian
[I. Figure 5-9 shows the Russian [II peak above the earlier detonations.

5.4 Error Analysis

The detectors for Explorer XV were similar to Teistar. The random errors were
more or less the same and the function used to evaluate the errvors for
Explorer XV were the same as for Telstar. The reader is raferred to Section
4,5 for the functions used to evaluate the errors. Since the Explorer XV
detectors were evaluated as integral datectors, it is estimated that the
factor of 2 deterministic error which was applied to Telstar is much smaller
for Explorer XV,
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Section 6

ALQUETTE 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 omnidirectional geometric
factor is 0.55 cm2 for particles capabia of penetrating all of the
surrounding shielding material, The effective shielding consists of about 1.4
glcm2 of medium Z material (A1 and Fe) over about 2.4 steradians which

extend in a “quadrant® 140° along the satellite equator and from the equator
up to the spin axis.  The shielding is much greater over the remaining solid
angle. The minimum shialding corresponds to approximately 50 percent
transmission Tor 3,9-MeV electrons.

Datector 2 consists of an Anton 223 thin-window (approximately 1.2 mglcm2)
Geiger counter placed at the end of a cylindrical brass collimator which is
inclined 10° 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 3 slice, 200° in the equatorial plane and 359 avove
the equator, and it is much greater over the remaining solid angls.

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 ke¥. The angular aperture of the collimator is 6.6° 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 tco hard (the number of electrons at high energies is too
great and more high electrons penetrate the shield than low energies 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 shielding thickness of 1.4 glcmz. This
shielding was inadequate and thus the primary response of the Alouette
detectors was to electrons having an energy greatsr than 3.9 MeV, Thus,
instead of having three detectors looking at three different energies, the
Alouette detectors measured the same electrons with three different detectors.

6.2 Detector Calibration - _

Very little calibration invormation is available for the Alouette detectors
since they responded i. an anomalous manner. The pertinent response
characteristics are given in Tablie 6-1.

Table 6-1
PHYSICAL PROPERTIES OF ALOUETTE DETECTORS

Detector Geometry Minimum Soiid Angle
St ielding Over Minjmum
Shielding
(cm?) (gm/ cm?) (sr)
1 0.55 1.4 2.4
2 0.22 1.4 ' 2.0
.3 0.22 1.4 0.5

If an approximate response curve i1s folded into a fission spectrum and
allowances are made for detection efficiencies, then within the 1imits of
error which are larger than normal (since the response curves for electrons
penetrating the shield are not known), one can derfve an approximate geonmetry
factor that does not differ substantially from @ = (A (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/fA. This factor was used to convert counts/sec
o the flux of electrons/cm’/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 GEQMETRY FACTORS FOR ALOUETTE

Chaanel Energy 1/G
1 > 3.9 MeV 9.52
2 > 3.9 MeV 28.56
3 > 3.9 MeV 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
uniguely identified the channeis. The tape, haowever, was not in time
sequence. Data from separate ftracking stations were recorded on separate
files.

The initial data analysis effort stripped tue pertinent information from the
tape and used the CDC SORT/MERGE rautines to place the data in time Sequence.

The first step in the data analysis was to verify that the three detectors
were indeed measuring identical electrons, Cigures 6-1 through 6-3 show the
flux of electrons groater than 3.9 MeV as measured by the three detectors.
The three results are very close, although on the average for Channel 3 reads
about a factor of 2 low. Detectors 1 and 2 exhibit special problems for
fluxes in excess of 10°. This is attributed to telemetry and data reduction
pratlems,
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6.4 Background

The background for the Russian series could easily be evaluated by fitting the
data prior to the Russian I and the Russian [I burst with least squares
functions in B and L, This fit removes any contamination due to Starfish,
natural electrons and protons. As with all other experiments up to this
point, this least squares 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 error

bars,

6.5 Error Analysis

Since the calibration information in the literature was incomplete, error
analysis i3 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 is just over a factor of 2, Channel 2 is
consistently high, Channel 3 consistently low. Unfortunately, it was
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 not
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 usuval 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 Q to an

order of magnitude {i.e., the error in the logarithm of the flux was zero at
10> and + 1 at 109),

The total random error, ET* then was given by

2

2
s T F

‘ 2 2
Er = VE ¢ tE *Eg {(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); E_ 1s the special large intensity error function
and EB ts the background error. For Alouette, the background error 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 avaitable for the Traac satellite.
Furthermore, only a very limited description of the instrumentation exists.

7.1 Experiment Description _ _

The Traac instrument consists of an Anton 302 Geiger counter with a gecmetric
factor of 0.75 cm-2 and subiends a solid angle of 3n steradians

{Reference 10). The shielding thickness is ~ 0.66 glcmz.

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. First, using
the above described geometric constants one can write

3r * 0.75 - )
E' = —4'!{__— = U,56 (33)
A second method can be used to determine G. The Traac instrument was exposed
to a fission spectrum and Hess 1963 and others 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 of 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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OI G(E) f(E) dE - o8 (34)

f(D
o! f(E) dE

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

: EOJ f(€) dE -
B =Rk (35)
oIf(E) dg :

This ratio was calculated by numerical means and was found to have the value
0.298 (i.e., R = 0.298). By definition one can write that

G(E) f(E) dE
£ ol 8(E) f(E) | 36)

jcf f(E) dE
EO

Substitutions into the above equation give

0.18 [ £(€) d
5. o T(E) (37}

0.298 Iof(E) dE

_0.18

= 0.6
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This nethod yields a result almost identical to the previous geometric

vaiues,

The value % = 1.66 was used so that

F(E>E)) =1.66 *¢C (38)
where C is the counts/second.

7.3 Data 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
electronslcmzlsec and thus the numbers scaled from the graph were muitiplied
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 evaluations 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 zereo.
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Section 8

STARAD EXPERIMENT

The description of the Starad experiment calibration, inciuding accuracies of
the calibration, are best described in Reference 12, Part of this description
is reproducec in Section 8.1 beiow.

8.1 E.pe iment Description

“The pertinent parameters of the sa.311ite orbit at early times were as
follows: apogee 5580 km, perigee 198 km, arbtal inclination 71°%, orbital
‘period 148 ninutes, apsidal rate 0.8° per day. The pitch period was 127
"seconds and the roll period 53 seconds. The pitch and rell periods, coupied
with the data acquisitfon rate of onte per second for each data channel, were
ideal for obtaining angular distributions. A three-axis magnetometer provided
aspect information. Real-time data transmission was provided throughout the
useful 1ife of the satellite. Tape-recorded data were available during atout
the first week in orbit. The spectrometer sorted electrons according to
energy by means of a uniform field using the principle of 180° focussing.

The magnetic field (about 1800 gauss) was produced by the ferroceramic Incox V,

The electrons were detected by solid state detectors of 4.5 x 4,5 mm and of
various 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 in
order to minimize bremsstrahlung detectior. Bremsstrahlung in 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. 1., 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 8. M, McCormac,

, 0. Reidel PubTishing Company, Uordrecht, Holland, Gordon and
Breach Science Publishars, 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, (Differentfal 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 radioactive sources
placed in front of the aperture of the speétrometer. These securces accurately
simulated a field of isotropic radiation in which we knew the number of
electrons per cm2 sec keV as a function of energy. The principal radiocactive
sources used were Sr90_¥90 and K42. For the highest energy channel a

cross comparison was made with 1ts lower nefghbor using C13°, If FIE),
denotes the electronslcmzlseclkev coming from the calibration source, then
the geometrical factor A AEQ is given by 4« AN(E)CIF(E)C in

which AN(E)c is the counting rate of a given channel, The measured space
fluxes F(E, °)s are then F(E, o)s = [AN(E.O)S/41 AN(E)c]F(E)c
electronslcmzlseclkeVIstr.

The properties of the spectrometer are gfven in Table 8-1.
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Table 8-1
PROPERTIES OF THE STARAD ELECTRON SPECTROMETER

Energy Effective Discrim- Detector Depletion Geometrical

Channel inator Type Depth Factor
Width Bias
(keV (kev) (kev) (cm? keV Str)
325 137 213 PN ~0.2  1.76 x 1072 x dn
955 162 680 PN 1.2 3.60 x 1073 x 4=
1630 18 - 1120 PN V2.5  3.30 x 1072 x 4
2400 214 850 PN v2.5 4,30 x 1072 x 4n
(2590)* 219 850 PN 2.5 (3.72 x 1079)x 4n
3250 224 850 PN 2.5 4,50 x 1072 x 4x

*Background channel

The energy of the channels was determined using detectors calibrated in 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 reasonabiy 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 chamnels, The three
lowest anergy channels were not accurately matched to a background channel and
hence the normalization factor varied siowly from place to place depending 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 charnel data
were often lost in background. In the high-background Starfish region,
however, the signal-to-background ratio of the 3250-keV channel was about

5 tol.

Timing errors in the tape-recerded 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 occurring at an L = 1.34
and caused by the USSR high-altitude nuclear detonations. This was a
well-defined peak which in our data appeared to snift slightly in L-value as a
function of B. A suitable time shift invariably brings the three peaks we
cbecerved in a given data acquisition into good alignment. This correction was
made on all tape-recorded data.

Errars in pitch angle of about *+ 5 degrees occurred due to magnetuneter error
and possible error in the transformation connecting the look anjle of the
spectrometer to the magnetometer axes."

8.2 Data Analysis

The Starad analysis effort pr-ved to be the most difficult and frustrating.
Even though many difficulties ~vere encountered with the Data Center tapes, the
problems with the Starad dave -apes were many orders of magnitude more

severe, Some of the basic prabi2ms encountered with this data set were:

1. The data tapes were not ls.elaed as to content and format.

2. No documentation of any forn existed on the tapes.
3 Description of instrument calybration functions did not exist.

17



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 snalyzing the data tapes were contained in the
comment 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 array
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 = 1, NPOINT), I = 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 attempted to duplfc;te
the tapes before turning them over to MDAC for analysis. This effort was
unsuccessful, The tapes were then physically transferred to MDAC. MDAC's
computer equipment differs From AFWL's equipment and thus it was hoped that
the tapes could be copied at MDAC. We at MDAC 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 and deteérmine the
format of each tape. The tapes proved to be a very interesting lot indeed.
None of the tapes were free from parity errors, Some of the tapes were
readable a3t 556 bpi and some at 800 bpi, some were written in CDC § format and
some in COC SI format, some had Starad data matching the above described WRITE

13. Kuck, 6. A., Yitch Angle Diffusion on Relativistic Electrons in the
PTasmos Lere {PhD Thesis), AFWL-TR-73-116, Air Force

eapons Laboratory, Kirtland Air Force Base, NM, 1973.
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statement and some had a totally undecipherable format and one tape was

blank. Table 8-2 1ists the tapes, the specified density, the density at which
the tape was rgadable, 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), A1l records that had errors on the first
read attempt were fgnored and not used in the analysis. Any other form of
error recovery proved futile., Table 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 I1 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 was 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 3 manageable data base with 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 day of month
2 time of day in seconds
3-5 data channels for an experiment not used in this effort
6-8 By, By, B, magnetometer voltages

9-11 By, By, Bz alternate magnetometer voltages
12 McIllwain L parameter

13 local magnetic field value in gamna

14-19  West experiment counts/sec

20 spare
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STARAD DATA TAPES

Table 8-2

Tape No, Density Format Comments
XDA55 Not Starad
BF95 800 )

FFob Not Starad
NF145 Not Starad
D812 Not Starad
DE1l6 Not Starad
ET109 Not Starad
EF45 800 S

AD104 800 s

AF33 800 S

AF34 - —_— ot Starad -
BA58 800 S

B8D24 556 SI Bad Tape
BFlle 800 S

CAl26 556 S

CGag 556 S

CI9 Blank Tape
DAlS Bad Tape
DB9Z Not Starad
D179 Not Starad
£8105 Not Starad
FD82 556 S

FO111 556 S

FDl12 556 S

FDle3 556 S

FE33 556 S1

FE34 556 St
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VDH. 1401

VDH. 1481
VYDH. 1401
VDH. 1401
VDH. 1401
VDH, 1401
VDH, 1401
VDH. 1401
VDH. 1401
VDH. 141
VDH. 1401
VDH. 1441
VDH. 1401
VDH. 1401
VDH, 1401
VDH. 1401
VDH, 1401
VDH, 1401
VDH, 1401
VDH. 1401
VDH. 1401
N]

J

)

ORBIT
ORBIT
OFBIT
ORrRBIT
DPBIT
ORBIT
oFBIT
ORBLT
ORBIT
DRBIT
ORBIT
ORBIT
ORBIT
ORBIT
ORBIT
ORBIT
DRBIT
DRBIT
ORBIT
ORBIT
ORBLT
At VEH,
A1 VEH,

A1 VEH,

18/1
15/1
1721
18/1
23/1
24/1
25/1
2671
20/1
3571
35/
43/1
49/1
€6/1
g8/1
63/1
1401
1401

1401

Tahle 8-3
STARAD TAPE HEADER INFORMATION

FBK
F8K

FBh

s
0%

64
65/1
o671
73/1

12

271062STIMD=
2710625T1IMD=
2710625TIMD=
271052STIMD=
2710628TiND=
£710625TIiMD~
281062STIMD=
2810629+IMD!
231062STIMD»
2910625TIMD=
2910625TIMD=
2910625TIMD=
291 062STIND»
231 062STIMD=
301062STIMD=
301062STIMD»
2110G2STIMD=
31106G2STIMD=
011162STIMD=
$11182STIMD=
021162STImMD=
FBK &6
FBK 67

FBK 74

§3998.0
3549?.0
24000.0
33536.40

061270,
¢18018.0
26000.0

4£984.

11330.0
20003.0
29411.0
75236.
022548.0
031719.0
7238.0
61291.0
$19233.0
055661.0
011566.0
0211625TIME=
0211625TIME=
031162STIME~



The AFWL data tapes contained 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. A call to Or, H. West at Lawrence
Livermore failed to produce any corroboration. Or. West said that it would be
fooihardy 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 spectrometef data.

Since the spectrometer ic hfgh]y directional, the look direction of the
instrument must be obtained. This once again proved to be a major detecttve
Jjob. 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 program
contained extensive B smdothing'algorithms and other B field baseline
correction elements, The pertinent lines of code were discovered only after
tonsiderable 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 V,, Vy and V, to B, By, 8,.
B, = 0.219027 * (V, - 2 54256)
By = 0.221356 * (Vy - 2.587481)
B, = 0.216310 * (V, ~ 2.517688)

l 2. Determine the local pitch angle a cos{a) = (Bx * 0.86603 - By * 0,5 *
0-57736 -~ Bz * 0-5 * 0-8192)/8

=VB2+BZ+B§

g X y

mag

where Bma
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3. The equatorial pitch angle, a_, is then given by

0

cos(ag) = 1. - 0.315 (1-cos’ a)/(L> * B)

where L is the local Mcliwain L parameter and 8 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. [f the local
look angle was found to be in or close to the electron loss cone, the data
must be ignored. The following approximate algorithm was used to determine
the equatorial pitch angle of the loss cone, a .

sin e = [ /33012 (39)

Any measurement within 10 degrees of the equatorial loss cone was ignored.
Data further from the loss cone is Feasonably constant with pitch angle.
Corractions 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 enerqgy 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 diffarential form. The calibration 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
3t L = 1.84 is due to Russian I bremsstrahlung and not due to electron fluxes
directly. When the data are corrected for the background observed by Channel
6, the peak disappears. Figures 8-9 through 8-11 show the background
corractad rates before the Russian [I event. Figures 8-12 to 8-16 show the
data during October 29-30, 1981, just after Russian II. The lowest 4 energy
channels show a distinct Russian Il enhancement, hewever, 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 2
background function for determining the true injected fiux component for the
Russian II and Russian iI, 11] data set.

B.3 Error Analysis

H. West (Raference 12) indicates that the basjc errors are on the order of 30
percent, Pitch angle uncertainties, as well as noise in the pitch angle data,
substantially increase the size of the errors. The total errors of the raw
data corracted by the measured background channel consists of the statistica)l
error, the uncertainty in knowing the exact intercalitration between the data
channel and the background channel (a 25 percent uncertainty was assumed) and
the error 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 uncertainty, the exact shape of the pitch angle function is
unknown and a single directional 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 Ng is the number of counts in the background channel, the error in
the background count rate, EB, is

IR 2 s
Eg = 7 (YT)? + (0.25 N2 (40)
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If ND is the number of counts in one of the data channels, The error jn the
data channel directional counts, Eps is

Ep =/ (/‘»TD)?~+ (0.30 #y)° - (41)
The error Ferror in the flux, F, of a channel is then
2 2 2
Farpar = ¥ (0.5 F)2 + (g (0.25 Np)? + Ny + 0.30 WD) G (42)

where G is the geometry factor.

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 protens is large. The error very often
approaches a factor of two. Additional errors are introduced when the Russian
I/Starfish background 1s subtracted gut of the data set, The r.m,s. error of
the least squares fit to the data was 45 percent, Thus the total probabie
flux error

(Ferror)Tota1 = '/(Ferror)z *+ (445 Ffit)z (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 bélieved to include all errors. Calibration
errors for the spectrometer in excess of those discussed are small, Energy
ambiguities are also expected to be smali. It is felt that no additional
errors are present. Furthermore, agreement hetween Telstar, Explorer XV, and
Alouette 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 Telstar observations.
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Section 9

THE INJUN T 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.

5.1 Detector Description

The detector is an Anton type 213 Geiger tube encased in 3.5 g/cm2 of lead.
This detector has an approximate geometry factor of 0.2 cmz. The detector
shielding is adequate to stop the penetration of electrons with energies of
less than 10 MeV.

9.2 Instrument Calibration

The Injun ! spacecraft was calibrated in a flux of fission electrons at Los
Alamos, The Injun detector measured 1/4000 of the total fission flux. These
calibration tests showed that the detector responded primarily to bremsstrah-
1hng 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 MeV 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 transpert computer codes. The
analysis shaws that the response of this detector is not particularly sensitive
to 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/& can be multipli.ed by
counts/sec to obtain the number of electrons/cmZ/sec greater than 1.5 Mel.

Using the equations from Traac,

}‘E(E) f(E) dE
0 .1 -4
- * 2600 2.5 x 10
of F(E) dE (44)
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~ 2.5 x 107 - _4
it can be shown that G = ':ﬁ'igﬁ“" and thus that G = 8.4 x 10

when f(E)

is a fission spectrum.

9.3 Datas Analysis

The Injun I data were available on a NSSDC data tape in 8CD 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 casées where 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 1 to specify a measurement of electrons abové 1.5 MeV is
arbitrary. If the spectrum is an exact fission spectrum then the results are
valid to within a factor of 2 or better. However, deviation from a fission
spectrum can produce large errors in the calibration. The changes are not
calculable, sifce no response curves are available for the Injun detector.
For the tape generation a simple 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 E; = 1/6 /'ﬁb, where

YNy is the statistical error.
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Section 10

INTERCAL IBRATION

A npumber of comparisons were performed to check the results of our anaiysis,
Hess et al (Reference 11) also extensively compared Injun, Traac, and

Telstar. In that analysis it ~as 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); whereas the Telstar resultc
are ﬁ%gh by a factor of 2 to 3. Figure 10~} 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 varjous satellites is
difficult at best since the sateliite is moving through different regions of
B, L space. Figure 10-2 is a sample comparison. Tr: 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 separated by several days can be.used. The
data from ihe 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 jis much steeper than the fission spectrum, f{E) a 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 low energies is seen by both Telstar and
Starad. Furthermére, 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).

161



L=1.20 ~1.24

L=1.16 - 1.20

B gauss

‘.-:_.__ T~ munyy-° ﬂ::_‘_{.l‘gq -'ﬂ-:qu.-l ﬂ_-_:q.] .‘ﬂ_::\- & ._a:J.jl.. tHiaman Yy 1920 e T Y ONTrr YT T Ty
e e “, - -4 {- | u ~ S D
! * _ i b e
. ‘. 0
, : s WS 'y B o B
N g o 3 = ] K
' LE] L2 - i
' \J _ o] o) !
: — W] 2 N Ay t4
. i - 3 B X
=% \C | ]
. 33 ] 31
L1t .. §$333
P ¢Sz = - ol s
3 onab ongb
S T L .
[TET R A Hosiy 1Y PR I RO J] 1 FF 9 ) g . Jucests Lo YW lasegg b b u ALAS VIR (JUN N | i dA L 4 NITO N SN N aalad g NP E )
1 - [y . 1 “" T Y ) E] - Y u Y Y a
A“ .”L.v-. e m“hr. SR

162

B {gauss)
Comparison of Injun, Traas and Telstar (Reference 11)

ﬁ::.n.n.l Tt -(nf.séjlﬁ:jl mTeT Y T TS 4.::.:- T pnee Ty 1343 83 S ¢ NI R m jl.gj
.‘.I —f— z - .
§ | i
. o) 8
' H ..I. —— - D a
' |
q u \LmzL91m1Lm i ala e .
P s R BT .
-qa 7 - 2 U. |4 -
m\w\\ 5 . \\ .
[ - %y
¥ 33 -
Tz H n > 32 z
R af ¢ 15
6046 ¢ r oadb -
busgas s Sounnss [IVES .LE:FE:FFFLEEEI.; bepacdt oo Jomgas o bumers s luesaa 2 duesirgr pans 1 lguer oo )
v * : * * u ¥ [ * 7 R % * + Y «
Nﬂfn.v-!_.-i.:_- —_H.u APSTeT
o cJ L)) (e ] P~ w w0 (= ™ N
40 80 _/n.u 50 50 40 o (=4 [~ o o [« o o < o
— — ~— ~— [ aad ~— — — — - ~— Ll r— - Lo - ~—

umm\NEU\m:OLuua_m uwm\wsu\mzoguuw—m

Figure 10-1.



€91

ELECTRONS/CM*-SEC

100000000

— LEGEND
0= FISSION
o - TELSTAR
a = STARAD
+.= EXPLORER XV
10000000 - » - ALOUETTE
o
2 "_"'-\
1000000 =
e
i w
\
100000- \%i,%
10000
G 0.5 1.5 2 2.5 3 3.5 4

Figure 10-2.

ENERGY IN MeV

4.5

Comparison of Telstar, Explorer XV, Alouette and Starad to the Fission Spectrum



OMNIDIRECTIONAL FLUX (NOxCm~2xSEGC™!x Mev~!}

0% |—  OIVIDED wgTy

3

T

03—

FISSION BETA SPECTRUM

1 H i |

FISSION BETA SPECTRUM

BEST FIT SPECTRUM

2 3 4 5

ol

ELECTRON ENERGY {Mev)

Figure 10-3. 0mnid1‘rec1;1'ona1 Flux at the Center of the Argus Shell
as Determined by the Jason Rockets (Reference 1)

164



3. If the Telstar channeis 1 and 2 were to be used to estimate the number of
fission electrons (i.e., a e'l'UE sTope curve were fi{ 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 intp the third
and fourth charnels, the total number of fission electrons would also be

Jverestimated.

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 alsoc 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 8 and 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; hawever, no firm conciusion 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, Argus I, II, and I1I, 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 have 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 AES environments the counts
observed by Explorer IV during non-burst times match those predicted using AP8
and AE5. This calibration check increases the confidence level for the
Explorer IV data.

The Teistar 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 agreement with the measurements of Injun, Traac, Explorer
XV, and Alouette. The spectrum, however, does not have 38 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 complctely successful. Additional work would probably be able to
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retrieve extra data. The initial tapes received for Explore: .V 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 effort using the BTL
detectors. Additional tapes containing the MclIwain single channel detector
were obtained but could not be included. The McIlwajn tapes contain data at a
much higher energy and would be a valuable addition,

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

A number of major "breakthroughs" were made during this analysis. The most
important is the reevaluation of the Telstar data in integral spectral form
and the determination of the proton contribution to the Telstar count rate.
When Telstar is combined with the data from Starad, Explorer XV, and Alouette,
a complate 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 effart 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 bpt
tapes. Data are written -to disk using formatted write statements. The tapes
are theﬁ 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(I), I=1, 8)
10 FORMAT (8 Al0}

The succeeding files contain data; the number of files and the data type
within the files are identified in the header record {Figure A-1 is a copy of
a header file).

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

100 WRITE(10,100)KYR, IDAY,KHR,TIME,EL,B, XLONG,N,
((M(I),FLUX(T),ERROR(T),BKG(1) ), I=1,N)
FORMAT (213,12,F5.2,F6.3,F5.3,F6.1,12, 3(12 3£10.3),/,
4(12,3£10.3)

‘where

KDAY LAST 2 DIGITS OF THE YEAR

IpAY DAY OF YEAR JANUARY 1 IS DAY 1
KHR HOUR OF DAY UNIVERSAL TIME

TIME MINUTES OF HOUR

EL MCILWAIN L PARAMETER

8 MAGNETIC FIELD IN GAUSS

XLOKG GEOGRAPHIC LONGITUDE
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JATA FI? ARZUT 2 LUIIKRSG THE JASON WCCKITS -
DATA IS FIR THZ JASIN FLISHT 2017¢2021420244+2024492027
JATA FOR FLIGHT 2027 AA&5 USED TJ JETIRMINE THE BACK3IROUHND
IT 15 IANCLUJED T3 5r0s BACKGAIUNMD ACLURACY

ALL 2ATA FOR TALS &FFOAT WAS SIVEN IN TIMI SINCI LAUNCH
AND LAUNCH - WAS-GIVEN.-IN _-TIML. SINCE CVENT - . -
TIMZ OF ZVEINT WAS AS3SUMEZD TO BE 03:20 UTs 30 AUGUST 1958
ANSOLUTE REAL TIME JAS CALCULATED FROM THE THREEL DESCRIBED

TIMCS. — S —

ALL DITECTOR:ART SHIELDED GM TUIES
JATA CHANNELS INCLUDE IN THIS ANALYSIS ARE.
CHANNEL 1  ELECTAONS SREATER THAN .21 MEV
TFTICIENCY-£STONSTRY-_FACTIOR USID T3-GENCRATE TAPE 13 2462-——-
CHANNEL 3 ELZCTRONS GREATEZR THAN 1.0 MEV
FFFICIENCY /GEOMETRY FACTOR USED TJ GENERATE TAPE I3 4713
CPANVEL 6 . ELUZTROMS. GREATZR.THAN 4.3 MEV .. i T
ZEFICISNCY /3COMITRY FACTOR U520 TO GENTRATE TAPE 1; 6403
CHANNEL 7  ELECTRONS SREATIZR THAN .44 MEV
—. .. EFFICIZNCY. /3Z0MITRY. FACTOR USED T2 ssm:anrsnrnee-xa o582 . .
CHANNEL 8  ELECTRINS SREATER THAN .44 MEV .
EFSICISNCY /3E0¥STAY FACTOR USZiO TO GENERATE TAPE 15 286.
DATA 15 WRITTEN ON A SINGLE FIL‘ Accoaaxuc TO THE FORMAT DESCRIBED
BCLOWS

THE DATA WAS WRITTEN HITH THE FOLLOWING FORMATED WRITE STATEMENT
WRITEC109200)<YReIDAYyXHRy TIME sEL 339 XLONG Ny

- — (LML IDSFLUXCIYZRRORLTII ¢8BXGCINIoI=19NL -

100 FORMATC2I39I2¢F5¢29F0039F5.30F5a1912¢3(1293E10. 3),/9
4C(1293E10.3))

HH'RCA_Q

KDAY LAST 2 BIGITS OF THE YEAR

ISAY . DAY _OF.YEAR.JANUARY..1 IS DAY. 1. . o
KHR HOUR OF QAY UNIVZRSAL TIME

TINC MINUTEZS OF HOUR

EL MCILLWAIN. L. PARAMETER e e
;] MAGNETIC FIELD IN GAUSS

XLAING GEQSRAPHIC LONSITUDIE

N . . -NUMBER . OF._CHANNELS IN.THIS.DATA.REFORB_-__ i aam m— e
M CHANNEL NUJUM3ER SEE OCFINITION ASOVE

FLUX BACKGROUND CORRECTED FLUX IN ELECTRONS/CM*«2/SEC GREATER
. - ... THAN. THE REFEQENCE _ENIRGY_ ... .. .. e e e e
£R3IIR UNCERTAINTY IN THE FLUX

3KG SACKGROUND JHICH wAS SUBTRACTED TO GIVE THE FLUX

Figure A-i. Copy of Argus Header File
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N NUMBER OF CHANNELS TN THIS DATA RECORD

] CHANNEL NUMBER SEE DEFINITION ABOVE

FLUX BACKGROUND CORRECTED FLUX IN ELECTRONS/CM**2/SEC GREATER
THAN THE REFERENCE ENERGY '

ERROR UNCERTAINTY IN THE FLUX

BKG BACKGROUND WHICH WAS SUBTRACTED TO GIVE THE FLUX

Flux values set identically to zero indicate that the data values are for some
reason not available. The channel number fdentification is in all cases the
same as that used in the literature.

The following is a 1isting of tapes available at the AFWL library.

ALOUETTE Russfan
TAPE IH99 - This unlabeled tape has four files. A header file for

Russian with the Starfish subtract followed by the data
file. Then there is anuther header file for Russian Il
with the Russian [ subtract followed by a data file.

TAPE HF92 -~ This is a labeled duplficate tape {L = ALOUETTE).

EXPLORER 15 Russian
TAPES GE90 and GE125 are unlabeled tapes with short and expanded data sets
of the Russian II and III burst with Russian I subtracted.

TAPES HF93 and IC96 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 GG50 and GGl44 are the unlabeled tapes and
TAPES HL150 and IAl25 are the labeled duplicates (L = TELSTAR).
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JASON Argus
TAPE ID112 is an unlabeled tape.
Duplicate {s at MDAC

EXPLORER 4 Teak and Orange
TAPE KD12 15 an unlabeled tape.
puplicate at MDAC

EXPLORER 4 Arqus
TAPE GB63 1s the unlabeled tape and
TAPE 1029 §s the labeled duplicate.

INJUN
BK 72 is an unlabeled tape
Duplicate at MDAC

TRAAC
GK71 is an unlabeled tape
Duplicate at MDAC

STARAD
GK64 is an unlabeled tape
Duplicate at MDAC,
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APPENDIX B

DRIFT VELOCITY CALCULATIONS

As a part of this effort a MDAC developed B and L program, LDINT, 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/Pfitzer model
(Reference 8-1). A brief summary of this effort is given below.

Development of the Drift Program

The instantaneous 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 1s considerably more difficult. It
requires the evaluation of two integrals having singularities. These
singularities are integrable but do generate formidable programming 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 drift. The
gradient and curvature drift may be written as

c"“’12 EXVE
Ug % —53‘——- (B‘l)

<)

2
CnV
11 . 8 B
¢c™ e *s "T‘Bx (8-2)

g-1. 0Oison, W. P., K, A, Pfitzer and G. J. Mroz, Modeling the Magnetospheric

Magnetic Field in Quantitative Modeling of Magnetospheric Processes
Geogﬁzgica' Monograph 21, AGU publisher, W. P. Olson, editor, 1979.
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Where

the gradient drift

the curvature drift velocity

the velocity of light

the charge of the particle

the magnetic field

the velocity perpendicular to the magnetic field
the velocity parallel to the magnetic field

the unit vector along the principal normal to the

magnetic field

Ug is
U, 1s
C is
e is
B is
V1 is
V11 is
Fa

Y is
3B is
s

mn is

the change in B along the field direction

the relativistic mass.

Additicnal equations useful in the solution of the problem are

M = fligy

where my is the rest mass

since

y 15 the relativistic factor

1
Y »
/1= Vzlc2
oL
2 2

192

(B-3)

(8-4)

(8-5)

(8-6)



where Bm {s 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

U= Ug + Uc (B-7)

If one is interested in the drift velocity of charged particles one geherally
needs to know the average drift velocity. That is the rate at which particles
move around the earth, Since the geographic coordinate system is not aligned
with the magnetic field we must determine the drift motfon in the minimum B

plane.

vecto; to instantaneous drift point
vector to minimum B

unit vector to minimum B
dl=lul dt

r! -?.‘é\

dl = ' § = T.Rds

= =f 1

Then in a time dt a particie moves a distance Udt perpendicular to the field
line plane. The angular motion, ds, is given by

ds = g}- where d1 = Udt (8-8)
s {ul ot

- = (8-9)
*.R
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As the particle moves from mirror point to mirror point the total angular

displacement, o, is given by

t=t
o= B é¥¥i tg s the bounce time (B-10)
The average angular velocity is
8
" = — (8-11)
ts
<> = wfRf (8-12)

The integration of a particle's motion is parameterized in terms of the

distance, s, along the field line such that
ds = Vy, dt ' (B-13)
Thus
ds
ty = fv'ﬁ (B-14
o~ fUds (8-15)
Vllf‘.R

since vu = Vo
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The average drift velocity, U, can be written as

By _U:|R| ds
E?rd -F b RV 1 - B/BM
<U> - B - i
M ds
By  J1-8/8,

Substituting the various functions into the above equation gives

2 2 “
f[cmv-‘-. B x ¥ + 1 Igp_ B x Y1|R|

d

S

| 2e 453 e as! B
| AL
<> =
de/»“i-B‘/BM‘
(‘r-—) 8|2 [ /,_ ]
<> - & (7« K-8 L%By l- "‘“B"

n—.—m;
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The current field line integral which is used to determine the second
invarfant is of the form

ds

P e

/1 - a/Bm‘ (B-19)

Since B, the mirror point field is not known until Bmin is determined,

the initial integration along the field lines saves the values of B and the
step size ds. Thus in order to evaluate the drift velocity, the values

[v 8] and }3B/as| must also be saved along the integration trajectory.

The vector R to minimum B must 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 sinqularity near the end
points. This is an integrable sinqularity, and proper step size control near
the end points is required to produce accurate results.

Drift Program Test

The arift 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, when using only the dipole field, are consistent with Hess (Hess,
1968). There are, however, a number of surprising results. Hess indicates
that the drift perijod increases 50 percent for off-equatorial particles (a
decrease in drift velocity). Figures B-1 and B-2 indicate that this is true
for very large B/8 . However, for particles having equatorial pitch angles
between 30° and 90 s the drift velocity change in a dipole field is less

than 10 percent,

The drift velocity is also very model dependent. Even at Lw3, the difference
in drift velocity between the main field and the main plus external fields is
12 pemcent. Furthermore, once the external field is included, the B/B°
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denendenca becomes much stronger. At L7, near local midnight (see Figure 3),
tha change in drift velocity due to the external ficld is over 30 percent.
Figure 3-3 shows the dependence of the drift velocity for the main field and
the main field plus dipo‘e fields. This plot is for a longitude of 0° and a
universal time of O hours, and shows the effect on the drift velocity as aone
approaches the near tail region.

We belfeve that this drift program will be of general usefulness to the
scientific community.
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APPENDIX C-
CONVERSION SUBROUTINE FOR STARAD VOLTAGES TO COUNT RATES

lJbl‘“J\JTINt AL CRM(MT)
Svesetsues4THIS PROGRAN CHANGES LCRM VOLTAGES INTO COUNTING RATES
DIMENSION Nc T15)
COMMON /CONV/ TEMP(12),0UT(20)
EQUTVALENCE  {WEST(1),3UT(14))
X = TEMP(2)
Y = TzMP(1D)
IF(X.GT. 1.25) GO 10 4
WESTIY) = 4. 0+EXP(Y+,52899)
GO TQ 10
4 JHuK.ET, 2.5) GO T0 6
3 70 !
-6 CIF(X,GT. 3.75) GO TO €
WeSTt1) = B50,+cHP(Y»,63746)
GO 70 10
WeSTI1) = GO00.<EXP(Y*,70941)
CONTINLUE
X = TEMPr4)
Y-« TEMP(3)
IFEX,3T. 1.25) G0 TQ 14
NEST(2) = 4,0#EXP(Y»,55274)
GO 0 20
14 . IF(X.6T, 2.5 GO TG 16
WEST(2) = 39.0«EXP(Y+,65708)
GO TO 20
16 IF(X.GT. 3.75) GO 10 18
WEST(2) = S20.0#EXP(Y#,659634)
GO T0 20
18 MWEST(2) = 4300. 0*EXP(Y®,70€30"
20  CONTIMUE
X = TEMP(B)
Y = TEMP(5)
IF(X.6T. 1.25) GO TO 24
WESTI(3) = 4,4»EXP(Y+,56825}
GO TO 20
24 IF(X.5T, 2.5) GO TO 26
WEST(3) = 37.%EXP(Y*,B3685)
G TO 20
26 IF(X.GT. 3.75) GO 70 26
WEST(3) = 480.+cXP(Y+.68966)
GO .TO 30
< WEST(3) = S9N0,+EXP(Y*,562088)
30 CDNTINUE
X = TEMP(8)

D
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34

36

2
>

40

4y

a6

48

54

56

S8
60
100

Y = TENP(7)

IF(x.6GT. 1.25) GO TU 34
AEST(4) = 3.7+cAP(Y+,55247)
GO 1D 4C

IF(X.GT, 2,5 GO TO 36
HEST(4) = 37,#EXP(Y*,57873)
50 TO 40

IF(Xx.GT. 3.75) GO TC 38
AE53T{4) = 320.#EXP(Y+,66298)
GO TO 4C

AEST(4) = B100.<CAP(Y*,62087)
CONTINUE

X = TEMPC10)

Y = TEMF(3)

IF(X.GT. 1.25} GO TO 44
WEST(S5] = 4.0#EXP(Y%*,55c74)
20 70 =0

IF(X.GT, £.5) GO TO 4%
AEST(S) = 40,4EXP(Y+,53651)
GO TO SC

IFIX.GT, 3.75) GJ TO 48
WEST(5) = 530.#EXP(Ye.57372)
G0 TJ 50

WEST(S) = B0O0C.*EXP(Y«x.64864)
CONT INUE :

X = TEMF(12)

Y = TEMP(ID)

IF(X.GT. 1.25) GO TO 54
HEST(6) = 4,3#EXP(Y*,57315)
GO 7O 6C

IF(X.6T. 2.5) GO TO S6
NEST(6) = 45, #EXP(Y#,64753)
Go 1O &0 '
IF(X%.6T. 3,75) GO TQ 58
WEST(B) = 500.+EXP(Y»,70138)
GO T0 6C

WAEST(B) = 4200.+EXP(Y*.69831)
CONTINUE

CONTINUE

RETURN

END
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