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1. INTRODUCTION:

The documentation for this data set was originally on paper, kept in NSSDC's

Data Set Catalogs (DSCs). The paper documentation in the Data Set Catalogs have been
made into digital images, and then collected into a single PDF file for each Data Set
Catalog. The inventory information in these DSCs is current as of July 1, 2004. This
inventory information is now no longer maintained in the DSCs, but is now managed in
the inventory part of the NSSDC information system. The information existing in the
DSCs is now not needed for locating the data files, but we did not remove that inventory
information.

The offline tape datasets have now been migrated from the original magnetic tape to
Archival Information Packages (AIP’s).

A prior restoration may have been done on data sets, if a requestor of this data set has
questions; they should send an inquiry to the request office to see if additional
information exists.



2. ERRATA/CHANGE LOG:

NOTE: Changes are made in a text box, and will show up that way when displayed on
screen with a PDF reader.

When printing, special settings may be required to make the text box appear on the
printed output.

Version Date Person Page Description of Change

01

02



3 LINKS TO RELEVANT INFORMATION IN THE ONLINE NSSDC
INFORMATION SYSTEM:

http://nssdc.gsfc.nasa.gov/nmc/

[NOTE: This link will take you to the main page of the NSSDC Master Catalog. There
you will be able to perform searches to find additional information]

4. CATALOG MATERIALS:
a. Associated Documents To find associated documents you will need to

know the document ID number and then click here.
http://nssdcftp.gsfc.nasa.gov/miscellaneous/documents/

b. Core Catalog Materials


http://nssdc.gsfc.nasa.gov/nmc/
http://nssdcftp.gsfc.nasa.gov/miscellaneous/documents/
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METEOGAT

EMERGETIC ELECTROM DETECTOR

| 88-pS51A-@4A | [SPMS-00566|

THIS DATA SET CATALOG CONSISTS OF 1 TAPE. THE TAPE IS A 9-TRACK,
620# BFI, BINARY, LABELLED AND CREATED ON A VAaX COMPUTER. THE D AND
C NUMBERS AND TIME SPANS ARE AS FOLLOWS:

Jat g C# FilLEG* TIME SPANS

— — —— i o e AL RSty S By LS ey Skl

Li-Ba282 27620 ed @b/ 22/88 - @8/31/89

*3@ DATA FILES. THE REST ARE HEADER AND, TRAILER FILES.
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MULLARD SPACE SCIENCE LABORATORY

DEPARTMENT OF PHYSICS AND ASTRONOMY
UNIVERSITY COLLEGE LONDON

Holmbury St. Mary Tel (0483) 274111
Dorking Telex 859185 UCMSSL G
Surrey Fax (0483) 278312

RH5 6NT

January 25, 1990
Dr Joe King,
Code 633,
National Space Science Data Center,
NASA/Goddard Space Flight Center,
Greenbelt,
Maryland 20771,
USA

Dear Dr King,

ESA have agreed that we can send you the Meteosat SEM-2 data. I enclose a
tape we have produced which includes fluxes covering the period June 88-Aug 89,
together with documentation on how to read the tape. I hope you can read it
successfully.

We are still processing the data and will be pleased to send you more in the Fall.

Yours sincerely,

findres 37t

Dr A.J. Coates
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Meteosat Archive Tape Specification

P
O,

The tapes will consist of files of the form:

(1) JUN89_ARCHIVE HR.DAT - This contains the high resolution data.
(2) JUN89 ARCHIVE _LR.DAT - This contains the low resolutlon data.

Each of these 2 files will be written for each month of Meteosat P2 data,
by the program [MAB.METEOSAT.P2]ARCHIVE METEOSAT P2.EXE, and the input

to this program is the diisk file produced by H.E.Huckle’'s programs:
MONTH3_P2.EXE, MONTH2 P2.EXE on [HEH.METEQSAT.P2].

The files will be written to disk using the following open and write statements.
All variables are real*4 .

open( unit = lun_high,
& name = archive file(1l),
& status = 'new',
& access - 'direct’,
& recl = 95,
& form = 'unformatted’,
& recordtype = 'fixed' )

do i = 1, num_hr_values

WRITE THE DATA TO THE HIGH RESOLUTION ARCHIVE FILE.

!
t
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!
write( lun_high’ i )
xb_hr(i),
*t 1".1.\.;.),
total_flux hr(i),
y_el0 hr(l),
y_e2l_hr(i),
y_e32 _hr(i),
y_e43 _hr(i),
y_e34 hr(i),
spectral_index_hr(i),
delta_spectral hr(i),
polar flow hr(j,i), j =1, 3),
azim flow_hr(iaz,i), iaz = 0, 5),
polar_azim flux hr(k,j,i), k=0, 5 ), j =1, 53 ),
c¢_el0_hr(i),
c_e2l hr(i),
c_e32 hr(iy,
c_e43 hr(i),
¢_ed4_hr(i),
( ( polar_azim counts_hr(k,j,i), k=0, 5 ), j =1, 5),
anistropy_hr(i),
thetapole hr(i),
phipole hr(i},
kpno_hr(i),
kpvalue hr(i),
latch_hr(i),
( zone_hr(k,i), k=1, 4)

P W e
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enddo
close( unit = lun high )

open( unit = lun_low,
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3 sTatus

S access

& recl

& form

& recordtype

do i = 1, num lr

!
|
I
1

= ‘new’,

= 'direct’,

- 96,

= 'unformatted’,
- 'fixed' )
_values

WRITE THE DATA TC THE LOW RESOLUTION ARCHIVE FILE.

..................................................

write( lun low’ i, iostat = iok )

&

&

&

.

&

&

&

&

&

&

& (
& (
& ¢ (
&

&

&

&

&

& ¢ ¢
&
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&
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enddo
close( unit = lu

These items being the fo

Monchly High Time Resolu

------------------------

xb_lr(i),

xt lr(i),

total flux lr(i),

y_el0 _1lr(i),

y_e2l 1xz(i),

y_232_1lr(i),

y_e43 1r(i),

y_e34 lr(i),

spectral_index lr(i),
delta_spectral 1lr(i),
polar_ flow Ir(j,i), j = 1, 95),
azim flow lr(iaz,i), iaz = 0, 5),
polar_azim flux lr(k,j,i), k=0, 5 ), j =1, 5 ),
c_el0_1lr(i),

c_e2l 1r(i),

c_e32_lr(i),

c_eb43 1r(iy,

c_e34_1r(i),

polar_azim counts_lr(k,j,i), k = 0, 5 ), j=1, 59y,
anistropy_lr(i),

thetapole lr(i),

phipole_lr(i),

kpno_lr(i),

kpvalue 1lr(i),

lateh_lr(i),

zone_lr(k,1), k=1, 4)

n_low )

llowing:

tion Files

..........

These will have time resolution of 500, 500 and 600 seconds. The parameters

£o be included are:

Start Time

End Time

Total Flux
Flux(E)

Speccral Index
Exror Bar of Spectrum
Polar Flow
Azimuthal Flow
Polar-Azim Flux
Counts(E)
folar-azim Counts
Anistropy

(1)
(1)
(L)
(5)
(1)
(1)
(5)
(6)
(5,6)
(5)
(5,6)
(1)




theta (1)

S

phi (1)
Xp (L)
Kp(tau) (1)
MUM (5) recognize startup pattern and

set to zero before adding

Monthly Low Time Resolution Files

..................................

These will have time resolution of 30 minutes. The parameters to be included
are the same as the high time resolution files. Except for the MUM which is a
sum. All the others are averages:

The data contains 48 thirty minute bins per day, with the first bin starting at

midnight. 1If any of these periods contains no data all the data values are
set to -1's, '

Start Time (1)

End Time (1)

Total Flux (1)

Flux(E) (5)

Spectral Index (1) average distribution before calculating
Error Bar of Spectrum (1)

Polar Flow (5)

Azimucthal Flow (6)

Polar-Azim Flux (5,86)

Counts(E) (5)

Polar-Azim Counts (5,6)

Anisotropy (1) average result after calculating
theta (1) Y

phi (L "

Kp (L)

Kp(tau) (L)

MUM (5) recognize startup pattern and

set to zero before adding

All the files will then simply copied to tape, using the following commands:

!

allocate mfal:

ini mfal: metp2 / dens = 6250 / override = owner identifier
mount mfa0: metp? / dens = 6250 / override = owner identifier

copy *.%* mfal:[]*.%
dismount mfal:
dealloc mfaQ:
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¥ Quest for the source of Meteosat anomalies
_ A.J.Coates, A.D.J’ohnétone, D.J.Rodgers
Mullard Space Science Labor'atory. ‘University College Londca,
" . Holmbury St Mary, Dorking, Surrey RE5 6NT, UK
G.L.Wrenn, A.J.Sims
Space Departmentt, Royal Aerospace Establishment,
Farnborough, Hants GU14 6TD, UK

Abstract

diometer has ctopped or jumped requirixig a reset command to be sent.

300 keV electrons.

carlier conclusions from the Meteosat-F2 studies,

1

Three ESA Meteosat geostationary satellites have suffered from a series of

anomalies which disturb routine operations; mcst commonly, the scan of the ra-

Experience with Mecteosat-F1 launched in 1977 (Robbins, 1979) prompted the
itis.:al!ation of an AFGL electron spectrorﬁcter (SOeV-?OkeV) on Meteosat-F2, in an
atterﬁpt to demonstrate a direct link bctwéch the anomalies and surface charging.
Data spanning August 1981 to March 1987 have provided interesting evidence for
differential charging {\Wrenn and Johnstene, 1987) and permit the establishment of
an erpirical model of charging fluxes through a solar cycle. However, th= reported
anomalies do not fit the pattern for surface charging effects and no real link was
found. Decp dielectric charging has now become the most iikely explanation and

conscquently Meteosat-P2, launched in June 1988, carries a LANL menitor of 43-

The Meteosat anomaly chronicle is the result of reliable recording procedures at
ESOC and it represents a unigue data base for an important class of ESD effects
which oceur at Geosynchronous orbit. This paper gives some preliminary resuiis

irom Mcteosat P2 and atiemptes to assess their relevance within the sontext

Presented at Spaceeraft Charging Technology Conference, $I Oet-8 Nov 1252, Monterey, C4




INTRODUCTION

Since \’Ic.eosat-l’l suffered many opera honal anomalies it waa decided to include
A spacerraft chargmg momtor on F” to see whethcr the anomalics were related 10
spacccraft surface chargmg Wh:le that experxmem‘. ce:t.unly showed strong evi-
.dcnce of chargmg on F2 ’here was ro correlatlon w:th the occurence of unexplained
anomahes, which were aiso present on F2. The dec.lslon was then made to investi-
' ga.*c the hlgher energy range of electrons a.ssocxated with depp dielectric charging.
" Thus SEM-2 was commissioned to study the 30-300ke V range of electrons.
. The sensor unit was prdvi:‘.cd by Los Alamos Naiional Laboratory, USA a3 a
spare Lo-E qenso- [Aello et 2, '1975] from ot her progra.mmes to the Mullard Space
Science Laboratory of Umvers;ty College London (\{SSL) which provided the power
supphﬂs data processmg unit and interface to the Meteosat spacecraft. MSSL was
further responsible for mte"rntton, testing and calibration of the instrument, and
dehverv of the m.,trument to the spacec'a.ft. MSSL also provided a memory upset
momtor (\{U\d) in this instrument, as requested by ESA.

Thls paper ducrlbu bneﬁy the hwtory of the FI and F2 studies, in partxcular
; .the role of spa,cecra.ft charging in generat.mg thc anomaha and the possibility of
deep dle{ectnc cha.ramg as an etplanahon 'We ‘then go on to a description of the
SEM-2 mstrumeut. and the conversion of thc obserVed counts tu physical units.
“Typical natural events in the spacecralt environment as seen by SEM-Z are shown,
.‘ The correlation of the energetic electron fluxes to the occurence of anormalies, which
" on P2 occur at a rate which is about four times that of F2, are the major resulits. As

ata have a.ccumula.ted we have been able to show a striking correlation beiween the
E energetlc electrcn ﬁuxe:s and the spacecraft a.nomalzes For the first time it appears

" t}'at. tnc measurement.. provxde a good mdlca.tlon of a.nomahes.

1 '-'Metébsat opetatidnal aﬁomalies and spacecraft
charging |
1.1 Meteosat-F1

When Meteosat-F1 was launched in 1977 many operational anomalies occurred
(about 150 in 3 years) for which there was no immediate explanation. However, their
occurrence was related to geophyﬁical factors outside the normal realm of spacecralt

engineering, namely that they were more likely when there was string geomagnetic




ACLIVIDY AlC ey €X1IDLE & LEUUENCy WU Ull.l d. Cerialn imes of day Robbins,
1979]. It had recently been discovered then that geosynchronous spacecraft could
charge up to many thousands of Volts [deForest, 1972] in the ambient plasma so it
was natural to attribute the anomalies to charging, or more precisely to differential
charging. Unless the complete outer surface of the spacecraft is conductive and
electrically connected, it is normal for different parts of the spacetraft to charge
to different voltages. At times, adjacent surfaces can be more than a thousand
volts apart. This in turn leads to arcing between the surfaces and results in large
electrical transients in the spacecraft harness. After the problems were encountered
by Meteosat-F1 a series of laboratory tests was carried out which demonstrated
that arcing occurred if the spacecraft was illuminated by an electron beam, and
that electrical transients could induce anomalous behaviour. It was not possible to
simulate in-orbit conditions completely and thus it was not possible to establish the

causal chain completely.

1.2 Meteosat-F2

Before the second spacecraft Meteosat-F2 was launched some changes were made
to reduce the susceptibility to differential charging, namely grounding of thermal
shields and hardening of some critical electrical interfaces, and to include two charg-
ing ﬁ:tonitors to complete the link between the anomalies and spacecraft charging.
One of the monitors was designed to detect arcing transients on a short antenna
within the spacecraft. In flight no such events were detected, but it is not known
whether the instrument was sensitive enough, or whether it was not operating cor-
rectly or whether there were no significant transients. Therefore we can say no
more about it. The second monitor measured the ambient plasma electrons in the
energy range 50eV to 20KeV and therefore could measure the charging current di-
rectly. Not only that but it was anticipated that in the event of spacecraft charging
the energy spectrum would be modified in a manner which would allow the space-
craft potential to be measured. Briefly, the objective of the instrument was to see
if the anomalies occurred when the spacecraft was charged. The results of this
investigation have been published in a number of reports [Johnstone et al, 1985,
Wrenn and Johnstone, 1987). Although no direct link between differential charg-

ing and anomalies was found there were several interesting and significant (for this

problem) findings which we summarize here.




1. Two types of differential charging were observed. One type occurred during
eclipses and had been expected. The second type, called a2 “barrier event”,
only occurred when the radiometer mirror was completely in shadow and was
therefore probably because the mirror was charging up. The two types are

illustrated in Figures 1 and 2 and explained in the figure captions.

2. A charging index based on an estimate of the net electron flux to the space-
craft (incident electrons minus secondary emitted electrons) was 95 percent
successful in predicting whether the spacecraft would charge up in any par-

ticular eclipse.

3. There was an indication in the electron spectrum during eclipse charging that
the voltages in differential charging were limited by discharging currents of

secondary electrons from one part of the spacecraft to another.

4. Only one anomaly, in more than 100, occurred at any time near an observ-
able differential charging event. In all cases there was no evidence that the

spacecraft was charged to more than a few volts.

5. The anomalies attributed for lack of a better cause to arcing did, as before
on Meteosat-F1, show a dependence on geophysical parameters, ie local time,

solar aspect angle and geomagnetic activity [see Figure 3|.

6. When separated into four types of anomaly the solar aspect angle, and local

time dependence was different for all four groups.

7. The most common type of anomaly, the radiometer stoppage or position jump
was most common at the equinox and was associated with a period of sustained

high geomagnetic activity.

The conclusions of the analysis were that the anomalies were not the result of
differential charging but that they were caused by some external geophysical effect.
The four types of anomaly were caused by four different mechanisms.

Frezet et al {1989] have made an analysis of the charging of Meteosat with the
NASCAP charging analysis code. They find that the differential voltages developed
are greater at equinox and suggest that this is the explanation for the occurrence
of radiometer anomalies at this time. The charging levels they obtain are many
thousands of volts. However the only differential charging of the radiometer is

observed away from equinox, when the radiometer mirror is totally in shadow. Also

i
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developed such a charging scenario when extreme plasma conditions are used and
such extreme conditions were not observed by the monitors on Meteosat-F2 itself.

We were left with the situation that we still do not know what caused the anoma-

lies on Meteosat-F1 or F2. Spacecraft surface charging, or differential charging, ap-
pears to be ruled out. In their final report Johnstone et al {1985} suggested that it
might be caused by penetrating electrons producing deep dielectric charging. This
was partly based on the observation that a sustained period of high geomagnetic
activity was required to develop the effect, and that the trapped energetic electrons
are known to be slower to respond to geomagnetic activity than the plasma at en-
ergies of less than 20KeV. Therefore it was suggested that the third Meteosat flight
should carry a detector of more energetic electrons. Accordingly it was decided to
include in the payload the SEM-2 detector which measures the energy and angular
distribution of electrons in the energy range 30KeV to 300KeV.

The behaviour of electrons above 30keV at Geosynchronous orbit has been stud-
ied by the Los Alamos group [Baker et al, 1981]. In Figure 4 the average fluxes for
the whole of 1977 and 1978 are compared to the particles’ range in aluminium as
calculated by the SHIELDOSE program: this shows that higher energy particles
can penetrate appreciable distances before being stopped. To penetrate 0.5mm into
polythene, an electron requires an energy of 200KeV (see Figure 5 from Powers et
al. {1981}}. Deep dielectric charging, where penetrating electron fluxes may cause
buildup of charge and eventual breakdown in insulators, has been postulated as the

reason for anomalies on other spacecraft [eg Baker et al, 1986].

2 Instrumentation

The measurement of electrons above 30 keV implies a different type of sensor to the
F2 instrument, which consisted of two electrostatic energy analyser/channeltron
combinations, giving differential energy measurements. The standard technique
for tens to hundreds of keV particles has become the surface barrier solid-state
detector [eg Aiello et al, 1975|. Using electronic thresholds this technique aiso gives
differential energy measurements.

SEM-2 contains five surface barrier detector-collimator systems, arranged to
accept particles from 5 different angular ranges. The 5 ranges are of spacecraft polar

angle: azimuthal angle measurements are achieved by timing. Each of the detectors




ST gy steeg iy st SLEIE) acCEplances were found by calior. . .n at

the Goddard spaceflight center and are as follows:

Energy level | Epin (keV)
E5 42.9
E4 59.4
E3 90.7
E2 134.9
E1 201.8

Table 1: Lower level discriminator settings for SEM-2

Full details of the operation of the instrument are given in the final report to ESA
(Coates et al, 1989). Here we restrict ourselves to a description of the information
transmitted.

A transmission list is accumulated in 4 formats, approx 100 seconds. A complete
experiment cycle takes 500 or 600 seconds since one polar angle is sampled in each

4-format cycle. The raw parameters received on the ground are as follows, every
100 seconds.

* A 5-point energy spectrum, compressed counts E1-E5, for a particular polar

angle, summed over azimuth.

* A 6-point azimuth array, compressed counts Al-A6, for a particular polar

angle, summed over energy.
s Overflow information as appropriate for each of the above bins.
¢ Timing information to relate azimuth to spin phase.
* Synchronisation information for data checking,
¢ MUM parameters on SEU and latch-up.

Counts are converted to flux and plotted. The principal result of the data
Processing was the provision of summary plots of the data from SEM-2. It is
essential that users of the SEM-2 data be able to tell from the plots alone, the general
behaviour of the plasma environment at all times and be able to identify times of
particular interest. To enable this, the plots contain parameters that sumnmarise
the data, parameters that interpret the data further and associated parameters for
comparison. This led to the choice of eight panels of data presented on a single

page with one page per day; an example is shown in Figure 6. These panels are:

6



..0la. 1.UX; ¢ .UX; SPECiTa. .BCEX; .04l £ .0w; AZINUA. 1 .0W; ANISOtropy mdex

and axis of symmetry; Kp; MUM and Latch-up.

2.1 Total Flux

Total flux of electrons within the energy range of the detector (42.9-300keV) and

summed over all polar and azimuthal bins.

2.2 Flux

This is the Flux (expressed as a grey scale level) in the 5 energy bands of the
analyser, from 43 to 300KeV. These energy bands are: 42.9 to 59.4KeV, 59.4 to
90.7KeV, 90.7 to 134.9KeV, 134.9 to 201.8KeV, 201.8 to 300(nominal)KeV. These
data are summed over all polar and azimuthal angle bins.

The analyser returns integral measurements of counts versus energy. Counts
are measured as the energy cut-off or threshold of the instrument is progressively
raised. To calculate the counts in one energy band, the counts measured with the

cut-off at the top and bottom of that band are subtracted.

2.3 Spectral Index

This index determines the ‘hardness’, or shape of the energy spectrum. This is
generally negative because, except in extraordinary cases, there are less particles

at high energy than at low energy. The index is simply the slope of the log of the

energy spectrum.

2.4 Polar Flow

This is the flux (expressed as a grey scale) in the 5 polar angle sectors of the
analyser. These sectors look in the polar directions 30°, 60°, 90°, 120° and 150°
to the spacecraft spin axis. The spacecraft spin axis is to a good approximation

parallel to the Earth’s spin axis. The angle bins cover a nominal £5°.

2.5 Azimuthal Flow

This is the flux {expressed as a grey scale) in the 6 azimuthal angle sectors of the
analyser. These sectors cover the angles 0° to 60°, 60° to 120°, 120° to 180° , 180°
to 240°, 240° to 300° and 300° to 360°, in spacecraft coordinates. Note that at 0°

the analyser looks towards the sun.
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The anisotropy index describes the angular shape of the plasma distribution relative
to its axis of symmetry, shown as theta and phi. A trapped particle distribution is
a ‘pancaked’ i.e. enhanced perpendicular to the magnetic field compared to along
it. Where plasma is newly injected it tends to lje along the field line in a ‘cigar-
shaped’ distribution. The index is positive for pancaked distributions and negative
for cigar-shaped distributions. The anisotropy index is calculated [using techniques
adapted from Sanderson and Page, 1974, Sanderson and Hynds, 1977, Higbie and
Moomey, 1977 by fitting the data to a set of spherical harmonics. Since we believe
that the magnetic field organizes the plasma, then the axis of symmetry represents
the magnetic field direction. However, it does not distinguish between positive and

negative field directions.

2.7 Kp and Kp(7)

Kp is an index of planetary magnetospheric activity for the whole of Earth, in a
three hour period. In the monthly plots, Kp(r) is plotted. Thisis a weighted average
of successive Kp values and was devised by Wrenn {1387]. Many magnetospheric
Processes are more dependent on the general level of magnetospheric activity in the
recent past than on the present level. Wrenn showed that anomalies on Meteosat-F2
was better correlated with an appropriately time-averaged activity index than with

the real-time index.

2.8 MUM

The Memory Upset Monitor results are displayed as lines in the bottom panel.
These display the number of ‘single-event upsets’ i.e. errors found in a known
memory pattern, in the 4 memory zones of the test RAM. A test pattern is seen in
the plot when the instrument is first powered on. A fifth line in this plot shows the
occurrence of ‘Latch-ups’ where the test RAM attempts to draw excessive current.

This line can take only values 1 - Latch-up and 0 - no latch-up.

3 Typical events

To illustrate the envoronment at Geosynchronous orbit as seen by Meteosz -P2

SEM-2 we include some data examples.



27th June 88 (Figure 6): On the dayside, eg at 1300Z, a “pancake” distribution is
seen in the polar angle plot where fluxes are peaked at the equator: this is typical for
a trapped electron distribution diffusing into the loss cone. At approximately 0200Z
there is a typical isolated, injection event which shows some important features.
First the total flux drops by two orders of magnitude, relatively slowly. Then it
increases sharply to a level greater than before. Finally it decreases slowly to the

initial level.

In Figure 7 we have looked at the results from 4 satellites simultaneously to
the injection in Figure 6. Local time around the Earth is seen in the small inset
diagram; spacecraft 1 and 2 (Meteosat) see the injection, while 3 and 4 show velocity
dispersion with higher energy electrons arriving first.

The monthly summary example in Figure 8 shows the wider view of the dra-
matic events during March 1989. The spacecraft was outside the magnetopause for

significant times on March 13 since the magnetosphere was severely compressed at

that time.
4 Meteosat anomaly correlations

When comparing the occurrence of anomalies with the results from SEM-2 on a
monthly basis it soon became apparent that anomalies, particularly radiometer
anomalies, nearly always occurred when the flux of energetic electrons was high.
The problem then becomes to verify such an association statistically and then to
try and determine a causal link. While we have been able to achieve the former,
the latter is still some way from a satisfactory conclusion. In other words there is
no doubt that anomalies and high energetic electron fluxes are linked but we do
not yet know if the energetic electrons cause anomalies and if they do, how they
do. Alternatively the high electron fluxes may themseives be the consequence of
another agent which is the actual cause of the anomalies.

A plot of the anomalies we have used in this study is given in Figure 9, where

we have organized the anomalies as follows:

RPJ Radiometer position jump
RDS Radiometer stoppage
RGC Radiometer gain change
BAT DBattery anomaly

SIC  SIC anomaly

OTH Other anomaly



RDS is by far the most frequent type of anomaly.

First we establish that the radiometer anomalies show the same systemat:- be-
haviour as on the previous Meteosat flight models. Figure 9 shows the local time
and annual distribution for the 76 unexplained anomalies seen in the first year.
They are essentially identical with distributions obtained for F2. In local time the
peak occurrence is in the period 02 to 05 local time but there is a non-negligible
rate of occurrence throughout the day. This distribution is reminiscent of the dis-
tribution of a type of charging event on Meteosat-F2 which were called barrier
events [Johnstone et al, 1985|. However none of the Meteosat-F2 anomalies was
concurrent with a barrier event. Anomalies are, as with F2, are most likely at the
equinoxes and least likely at the solstices. This demonstrates once again essentially
a dependence on solar aspect angle. The main conclusion we wish to draw from
this diagram is that the radiometer anomalies are caused by the same mechanism
as on Meteosat-F2. It is interesting to note that the anomaly rate is approximately
4 times that of F2, which suffered 80 anomalies in 4 years.

In the next series of plots the statistics of the average daily flux is examined.
Figure 10 is a histogram of the number of days in the year a particular value of
the daily average flux was recorded. For example the column labelled 7 contains
number of days the average fluxes were in the range 7000 to 7999. Thus this graph if
normalized would show the probability that the average flux has a particular value.
It could be used for example to calculate the amount of radiation a geosynchronous
satellite would encounter. Figure 11 shows the yearly total number of anomalies
which occurred on days with that average daily flux. Compared with the distribu-
tion of Figure 10 it is clearly strongly biased towards the higher fluxes. By dividing
the distribution of Figure 11 by that in Figure 10 we calculate the average number
of anomalies in a day if the average flux has the given value. This produces the very
striking distribution shown in Figure 12. Once the flux exceeds 19000 the average
daily rate is greater than one. This can be interpreted as the probability of an
anomaly in given flux conditions. It is the first time we have achieved a connection
between a characteristic of the plasma environment and the occurrence of anoma-
lies. No such connection was found between the low energy plasma (E < 20 KeV)

environment and anomalies on Meteosat-F2.
This does not yet establish a causal connection because the high fluxes ¢ 1 be

caused by the same unknowr phenomenon which causes the anomaly. W sut
the annual variation in the occurrence? This could arise because th tic
10
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(dotted line) is plotted with the monthly number of anomalies. Both show a peak
in March and April which were two of the most active months magnetically for a
long time. In Sept and Oct where the anomaly rate peaks the monthly mean flux
actually has its minimum value for the year. This suggests that there are at least
two independent factors responsible for radiometer anomalies; one is associated with
high fluxes of energetic electrons fluxes, and the other with the solar aspect angle.

It is possible that there is a third factor, which we see in the form of the local time
variation of anomalies. This is likely however to be linked to a local time variation
in the energetic electron fluxes. We have not been able to test this hypothesis yet
because of the need to develop some specialised software to access this aspect of the
data.

These results give us a positive result on the cause of anomalies for the first
time. It is difficult to achieve a better level of proof without having a clearer idea
of the mechanism which will allow us to develop a physical model which can be
directly tested. An attempt to do this based on deep dielectric charging will form
the next stage of our investigation.

The interaction between Meteosat and the environment is clearly a very complex
one which we do not yet understand. Although spacecraft charging is significant,
and needs to be minimized as we have now learned, there are other things going on
for which we have not yet found the appropriate ameliorative methods.

Clearly the investigation should continue. Ideas of such effects as deep dielectric
charging are still vague and need to be sharpened. This may require laboratory
testing to try to replicate the phenomena, and the development of physical models
which can be tested against the observations. There is also still a need to observe
in more detail the interaction of a spacecraft with its environment and over a wide

range of energies.

5 Summary of results

o Unexplained anomalies on Meteosat-P2 have continued at a rate about 4 times
higher than that observed on F2. The P2 and F2 anomalies show a similar

local time and seasonal dependance.

o The anomalies show a good correlation with electron fluxes in the range 43-

300keV. This is the first time that a correlation of anomalies has been demon-

11



sirarec. wita i.ae Meteosat in-situ environment monitor data - the charging in-
strument on F2 saw charging events but they did not correlate with anomaljes.
Taken on its own the P2 correlation would confirm deep dielectric charging

as a possible mechanism. ~

¢ However the seasonal dependence of anomalies, which strongly peak at equinox,

show that at least one additional process is at work.

s We still maintain that spacecraft charging cannot explain the observed Me-

teosat anomalies, although it should still be minimised to avoid others.

6 Further study

Future study will be pursued on the following items:
¢ Processing of further SEM-2 data (already underway at MSSL).

¢ An explanation should be sought for the seasonal variation of anomalies on

Meteosat.

* Further study is needed on the deep dielectric charging mechanism.

o Further effort should be put into calculating dose rates and penetration depths
from the SEM-2 data.

¢ Further instruments should be included on future spacecraft, not only Me-
teosat, to look at both charging and deep dielectric effects. For the Meteosat
series, higher energy electrons measurements extending up to 1MeV are en-

couraged to study the deep dielectric charging in more detail.
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& figure captions

Figure 1 - An eclipse charging event seen by the F2 experiment. From the change
in the energy spectrum it is inferred that the potential of the whole satellite went
S5kV negative relative to space in this eclipse. The rising peak is due to differential
charging of another part of the spacecraft at an even more negative potential (up

to 600V more negative). [from Johnstone et al, 1985].

Figure 2 - Example of a “barrier event” on F2. This is where part of the spacecraft,
electrically isolated from the rest, is shadowed and charges negatively as the whole
spacecraft does in eclipse. High potential differences between adjacent parts of
the spacecraft may then result in arcing. The low energy electrons observed in the
event are due to reflection by the potential barrier of photo- and secondary electrons
back to the spacecraft. While these events were correlated with radiometer mirror
shadowing they were not correlated with observed anomalies. [from Johnstone et

al, 1985].
Figure 3 - Distribution of ¥2 anomalies in local time and season [from Wrenn, 1989].

Figure 4 - Average electron flux spectra averaged over the 2 years 1977 and 1978. 90%
of the samples are below the top curve and above the bottom curve. Mean electron
ranges are also plotted. [fluxes from Baker et al, 1981, range from SHIELDOSE
code developed by Seltzer (NBS 1116)}

Figure 5 - Electron range in polyethylene [from Powers et al, 1981]
Figure 6 - Daily plot for 27 June 88 showing an injection event at 0220Z.

Figure 7 - Energetic electron measurements from various positions at Geosynchronous
orbit around the earth (see inset), showing the 27 June injection on spacecraft 1
and 2 (Meteosat) and velocity dispersion effects on 3 and 4. 1,3,4 are US spacecraft,
those data courtesy LANL.

Figure 8 - Monthly plot for March 89
Figure 9 - All P2 anomalies as a function of local time and date
Figure 10 - Number of days with given average flux (thousands of flux units)
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Figure 11 - Anomalies as a function of daily flux

Figure 12 - Average daily anomaly rate (anomaly probability} as a function of daily

flux

Figure 13 - Anomalies (solid line) and monthly mean flux (dotted line for different

months

16



dy

¥l

o~



METEQOSAT F2,S55J/3 DATA

1 41.8 ON 25/ 7./872

3

STARTING AT

640eV

- Barrier Event —

e




Dec

Nov
Oct
sep
Aug
Jui
Jun
May
Apt

Mar
Feb

Jan

METEOSAT ANOMALIES (1981-85)

17 T 17 1771 1 © | IOI 1T 171 1T 1 T, 1t T [ 1 1]
° (@]
@.
'. ® & R
p— + - . + ﬁ._4
o q .
] / B o + . . 0 © °e ]
W= 5 x _
- K 9
o X o a .
T+ @ -+ a__
+ x * e °
— ) " xS + —]
x* + *
. * 4 ® 9 N +,
N o H . . -
O - . -

. O * O +, +©’ x XUJX :u * a ==
} 5 a o - ° .. u © / |
S . . "o feze

.
4] A .
. . ° + ]
b | y ©

S I N D O I U [ T O SN VU N N SO NN SN I |
0 3 6 9 12 15 18 21 0
HETEOSAT-1 HETEQSAT-2

L OCAL TIME (h) RADicmeter ™ o

CALibration a

Power SS/DAT O X

ADCS/SYC +




ENERGETIC ELECTRON FLUX and RANGE
ALL LOCAL TIMES, 1977 & 1978

]

3.

]

W

Of— am 2 T — T T T -0 -

10 100 1000
ENERGY (keV)

— - 10% =*—50% —— 90% ~—— Range

e

RAE_SPIM



(A¥W) ATETE NOKLTZ

10°C

T°'0

0°1

0°ol

ELECTRON RANGE IR POLYET|WLENE {cm)

g 5 & 2 n | 9

T T TTITT] I T TV T T 1T 1 TTTT10] 7T T11m
C el Lo eyl et L1t L L1
=3 : (=3 [=] ’ =] . = =
% § B - o



METEOSAT-P2 Space Environment Monltor
DALY SUMMARY FOR DAY 179 (27 JUN) 1988

Total
Flux .

Flux «

W?

Spectral
Index

.

by
r

156
Polar 2o
Fl()w - co-
ErS
100
Azlmuth .
60"
Anlso~ 4
tropy
Axis O e |7|f‘|_
s 166 ‘Ju-h,_‘,,,,_,]'llw B
I:) .

Kp bé

ey Fol PO Aat) RI%E F"l [Leadiin

g [ s | R R | N

W I e

At |

’u Ilj}

. b a i -= e b
L atch | - — R ‘" - :- ——
MUM Upsal A |- —— - e e _— —— — - -
Upast 3 | - — — e — — -
Upset 2 ——— i ———- =
Liest — | | 1 i | | B I | B I I 1 T 1 1 l l

¥ omsrls T KeV!

4

(1590

167

(L5




TTTUXTGIT T

107

108

105

104L

103

102

1987 -097, -38.4 deg

10!

107

106

10%

104

103}

102

10!

23 Jun €, 1585

i 2

107 r I | .
1 - Meteosat P2, -18.3 deg : o
I -
|
105} : N
B Ve
([PETRee D ! W«Q’Jﬂ
10 :W'\_\_\/\ i W\ﬁ/\\/;\/v\ﬁjﬁ_fw
m’m\/\f B N
103 i m ]
102} LT-01:07 .
1 i N
1015 2 "
10‘7 T I l 1
1982 -019, -165.1 de !
105}- g | 4]
= S ]
100 4—— wﬂ“‘*’%‘i—-“”, . . -
T —— e R ———— —
‘——**-—u—»-—-———_.-_--;___,____‘ﬁ"h.*-r“—__-—f T .
14— — T T ——
5 103} ! -
- 102} I\LT=15:19 -
i
l 1 1 A
4 0%, 2 4
Sun at 02:20 UT
Time (UT) !

Fle 7



,tal
Flux .«

Flux .

Spectral
Index

Folar
Flow .

Azimuth .,

Anlso—

tropy

-
METEQSAT-P2 Space Environment Monltor
- MONTHLY SUMMARY FOR MAR 1983

BT

Axis WL AL 8 i

Kp() e !

Latads |—-—

MUM

Upset 3 f-- -
oot 2 |om e e
Upset I

1 3 5
25(‘-15-“'(&\/_'

3

¥ cm

et b ] e e

SR I R R B

- 1R

IRT-E

S E B Rty R IR IS IR I I E R B N

13 15 17 19 21 23 25 27 29 31
DAY OF MONTH

9 11

127




Month (1=Jan)

13

12

11

10

Meleosal P2 anornaties; Jun 88—Jun 89

o CcLibse

Plot Dconar 12-00T-69 212506

Fromu

4

7 Dewirr A

Loca! lime (Liours)

FIG 9

S 'Y Y N Y R N SR N R N Y RN (N NN R A NN NS R N
L G—ﬂh L! | L'J /L +RIPJ
- KRDS
KDRGC
B Al * ABAT
¥ ITIsic
K om
Z * G
o *# - X
2
= X ]
A K +
| % 1}
¥ * " \A
A A s P
— A Ko ¥ ¥ * -
* 3
2 Bk A kx K et X €
Z 7 o Z -
‘% A: ,EKH\ o \
K . &
3K K + + ~{
1 [ | t.f‘ NN T T U T Y N N Y - T Y O
W12 s v 58 7o 0 10 11 12 1314 16 16 17 16 19 20 21 22 23 24



number of days

july 1988 to june 1989

K& o

1 2 3 4 % & 7T 8 9 10 1t 12 13 14 15 16 17 18 19 20 27 22 23

Daily Flux




anomalies

July 1988 to June 1989

4 5 § 7 38 9 10 %1 12 13 14 15 16 17 18 18 20 21 22 23

Daily Flux

rie |l




Average Daily Anomaly Rate

July 1988 to June 1988

24

3

7 8 9 10 11 12 13 14 1% 16 t7 18 19 20 21 22 23

Daily Flux

6L




o

anomalies

July 1988 to June 1989

20 15000
18 1
A 14000
16 1 2
- 13000
- 12000
L 11000
- 10000
J - T T T T T T T 9000

Jut.y' Aug Sept Qct N

ov Dec Jan Fed Mar Apr May Ju

na

month

F& 1y

monthly mean flux - —-



JUMP OF TAPE JROUTC2

T INPUT TAPE JROUTC2Z ON HT1

D-80182

LI

___ CATA INPLT FS NF=9 ) SR=2 1 1 SR=85 LAST 1
R FILE INPUT DATA RECORDS MAX, READ ERRIR SUMMARY INPUT RETRIFS -
Y RECS. INPUT S1ZE PERM ZERQC B SHORT UNDEFe H#RECSe. TOTALSH
1 5 s 81 o 2 I a ] i
 FILES 2 REC ORD 1 LENGTH 20 48BYTES
( a) 90020000  0000GO00 B547AZ40 AE46ABEF  QD4756DD CC4T79IS3F  2248E0B3 36481E61 BDCEIBAZ2 523F67D6
A0 3848ADS2 90040994 30119319 900800000 090004899  8d00¢ S —
¢ 8.1 B N NS TR T d04604990 090400000 0G0000CC  N0000CGE 09093000 00DJ000G0C 00900001
( 124) ; G83y sgenanel € L 0 COCOUGOG §e000000C GOGCI0000 O0OCOGGD  G0A0GOOD L S
[ 16 1) uoouoaos 00000000 sna&aoﬁe 00000DOD 00000000 O000A0000 00000000 oouooooe 000GC000 00000000
¢ 211) Ji 900069999 09990909 00409906  40000Q¢09 00900000 90000000 g S
4 241 893 SOGO0LO0 G9xd5259 N0000939  AVOSOGEN  Gua0n0nd  J000C0G0Q aaaoancu G800000C 00000000
¢ 281%) aﬁagoase C000CCODO0 00050000 O000SUB00 O0CGO0O00  LUGHONOCGO 20000000 00OCGOOD d N
( 32 agd480993 2390848930 04930970 29000300 30000000 04900000 00000000 00000000 O0O0CO0000 00000000
( 36 1) 088.3093  JO0Ld4dd 40949040 J0B00099 905900600 0A0000C0  J00N0QLEO  OF3FAS2A AA47FSF1  ABFA4L5DDY
i Y 4;%) 2A476295 C£347FA62 5D48g3DE 8A488FE3 EACEEI358 323F1967 43489260 65483897 SA4856CS  S3 484895
« 44:) 3F4898C6 000G00GO 00090040 00000000 00000000 i I
( 48 1) i 19059390 33432039 00000939 90000000 00990000 00DOCOO0 d0900000 O0000D00C 0Q000DI00
3 523 SOG0Nes0  GOluweig G000G03€ 00900099 N08390L0 09090008 00300000 0QS0008C  fnaanann
¢ 5&51) ﬁsu,aaas G00000GOC 0000CON0 GCO000000 00000000 0DCJ0000 OB0GOCN0 00000000 COGONOOC O0OCCOODD
(. &3n) 484504993 3900993d  900409%0 90009930 40009000 99900000 9D0NOC0O0 00000000 0GGOOO _ B}
y ¢ T Ean i IR NI JU03343  J0020455  AuI902C4 A0ANAGOY  ANDD0AC0 NDA0GOA80 40005900
C 68:) SHGU0oGE 2023 2 ©40000C0  CcGLOd00O  2T00GOO0 68 £ ; N
( 724 30050660 00003000 ©O00O0OD O©OOSA000 0ONOOODO0 OO000000 24430000 80400000 30420000
\ ( 75 5) _F84204329 JFIFAS2A SD3FBETB  AA4TATTI7  BPR461502 53471011 F2477QAT _S648CO78  T348282C
¢ 8% ; SF3FDUBE 4F4871FB T724E81A32 8C485D%1 6E4823S& CF486FFB 64003008 ©93a0000 03400890
poo € 843) ggacs aoss 0000000 00200GC2D  COOJ0000 00UBJ092  %200CE00  0DOOOHOO0 GGGOCOO0  GOLOOOOO  QogOocBoO
AR | 88 1) Je 19093 300639499 90199390 90009909 G0QUAB0Q 00003000 nooaooon 06069000 O00CO0CGO0 0Q0CO0000
4 S2 1) } 1983519 113 :a A044G909 30000609 A70900C6 098¢ HWEI B 0} T f _
€ S62) Ceuciloe G ULEeoDLC oGOCRODO  0CDODOGO oansﬁsﬁa 00%e0000 ©QGROCGOC GOGDOOOGU
) C 18¢d §00c0000 60000000 000GO0O0C 00CODOCOC 00O0COO00 QCOONOO0G GOCOOOO0A  0400Q0AD ,
¢ 1244} fsagcuag 120499949 i 20000990 20000089 009009000 J9800008 00200000 0008000€ 00009009
( 13580 R B 1Nd5du4dd SR ER BN d32649344 doggaang 33990000 2930430080 g03ana¢€a na4aa00a¢g aganaanqg
; « 1126» aecgraﬁs 00060000 00000000 24440000 80412000 37430000 AB430080 FB43U0O0C 9D3IFBETB ITS3FLI11
C 1161 A2476617 88465803 4B471548 ED471BC4 S94B8NEGF 60488677 DICOQ4CT BAZFCFAS 53486895 &cS48AQ2D —
¢ 121D 53486895 614844FD SA4856CS 12490902 adJ209849 990433CC 90990000 030030CH 00000000 0O030000D
; (1242 GL3.08089 Q0000060 £OGHBUSO  CGDJI0OGD  GCOUSO0DD  DOCDOCL0  QGODOGSE 0 0
¢ 12886) EQDuODGU 000000066 0O00000GO COOQO0OOD 00000000 O0CO000CO0 OGCOUCOGCO0 000CO0GOO0 DOONOOO0 O0OJCO00D
« 1321 180;5333 00002900 090034490 000089230 30000007 0299000608 000 i}
} ¢ 136 5 a FOOGHLED G0GT0 14T 99U0UNLY DANE0070  annddeCs  0a0@n0a0y 00000900 00450DO0OC 00004704
C 143 aasuasaa CG0J0000 0QUNGHNO0 00O0OOCO0O000 3JUOGRONE  GOLCJ0CO0  00GOOGOC  QOCOCAGH  QQOC t -
(1441 aas;au1a 9940040390 239004490 959900939  J000000D Q0000906 0DDOQCHO ocooouo 00000000 00G00000
( 1481) 0403303 290384958 JuGeU900  30GE00U9 00GNNGE0  Dagoon 3
¢ 152%) 84435008 FC&e35300 34440000 ES3F9811 15402E53 "'9C4T7414D qussscs 38473F40 FB84798C3
C 15 1) 5548 078 4AG82D05 DECO1F73 A83F8018 55486462 484883C7  3348BA2B 53486895 65483B97 00000000
) C 1&i1) JOL.Tudy 1JdEda00 09u9d9d0 J00499990 30000008 00000000 00000000 000090C0 0000000C 0300093040
C 1643) 3C3 00598 COOOUTGE  S0L86E°06 40008999 30030000 ana096¢0 030900680 200000C0  G0A0000C  agu0unon
¢ 18 GoOUOUCL O00GODODDOG O0O0JJYUuO0 ODOOODOO OCOOUOOOD QGCOOLGO O0GCOCOIY OOCGROUOG OOCCO0O00 0000CO0O
) «C 1721 20030033 100493940 90930739 90009900 00000009 00099900 00000009 00000000  Q00C0CCO 00000000
« 1781 PRl st aalEnayt 99510399 ANAEgNsg 99007909 95900600 00000C00 007192008 0000000C A00000030
C 183 OO 8455 eblbulub  G0seRn0 GGOCOCCD  OC0OCUOLD. QRGOODOD 00000000 0CLOGEOS OOCOO0O0C 0DO0OGODOO
U ¢ 1840) 0CQC0000 0000COO00 00000000 00000600 00000000 00000000 00000000 00000G00 OCO00Q00 000C0OD0DO0S
) 1881 GLZ U3l Galiuddd 0994 €948 PUOGJU900 00000099  4D4400CC  A04310C00 SC432000 D2430000 124409400
« 19275 SESESESE BS5ESESESE SESE3SESE SESESESE  SESESESE  SESESESE  SESESESE  SESESESE  SESESESE  SESESESE
1964 SESESEBE 5Z3ESES5E  SESESESE  SESESIST  SESESESE  SESESESE  SESESESE  SESESEST  GESCGESE. SEGEGERT
C 297 S5ESESESE SESESESE BESESESE SESESESE SESESESE SESESESE SESESESE  SESESESE  SESESESE  SESESESE
¢ 241y  SESESESE  S5ESESESE N - -
)
FILE  INPUT DATA RECORDS MA Xo READ ERROR SUMMARY INPUT RETRIES




" "RECS. INPUT’ SIZE

PERM ZERO

B SHORT UNDEFee #RECS. TOTAL®
- o 2 962 962 2048 g n a 1] b I | _
FILE 8¢S RECORD 289 LENGTH 384BYTES . e -
( 1) CO5 N30 Lginutes E0vLuuld CCNJGRY0  GCoUD000  OOCODDOCO COODUGO0 OOLOQGO0 QUCROGO0O 060C0000
( 43) 0000000 QOCODOGE  0O6UOGUCO OOGOO0OO0 00004000 00CO00000 00ADQ00D 0OG00000 _ODACOOAD . _0OKOOQRO0
¢ 81) 2006030y 230839430 JU309999 9900490400 170009000 90003000 00900000 00900GC0 ©COQOO0OC 00090080
' ( 124y ELd.gaud CORNNL U0 HHRDRL AR HDD] 4BJR0OCEd 999304000 90000000 aaaanccn nARNNANN  Jaanaangg
J ( 1630) Coocgon0  0OCOORGO 0020O0CD  COLLJIO0GE OCOBOGOO0  GRCO0O0D GDOOOGCOC COGOCCG0 COCEGOOQ 00600000
( 2:94) 00040909 09069990 9094¢344 20004000d0 400000010 Aa¢ S
¢ 24 1) SRR T FAG LA A 13gid:a9 J0924a%09 J08004603 ANN3I0E0 D3000C00 90993000 gooogcoo0 00080000
( 2817) GLagupius SPOELLUG sloaBdgig Hguadoecn i3 Redakvli i poiaan : af d d
( 324) CCO:0000 00000000 000000C0 ©0O000000 0O0OODO0G0 CODOJOOOD O©OOCO0OC 0O000D0O0G 00000000 ©0000G00
¢ 361) 90040493 49669990 0009034939 40040090 00080003 a9nagaaen
FILE INPLT DATA RECORDS MAXe READ FRROR SUMMARY INPUT RETRIFES _
RECS e« INPUT SIZE PERM ZEROD 3 SHORT UNDEF o #RECS. TOTAL#
89 289 2990 21048 a c a 1] n ]
___EoJ DUMF_STOPPED AFTER FILE 9 : # OF PERMANFNT READ FRRORS 19

START TIME .9/22/9% 11:13:89 S T0P__TIME

L9/22/3¢ 11217341

N
i
|

$3
) $EXE TPJOUMP BsS




Ll

" INPUT TAPE

JROQUTC2 ON

DATA INPUT HS NF=9g
FILE INPUT
Yoo RECS.
s 1 5
 FILE 2 RECORD
« n 334589E1
¢ L&D HE4E9841
< 8 C446BEEL
12 BD462013
¢ 16 1) B74619CA
_C 23¥3)Y E54612AC
( 24 4) 0000080
¢ 28 9894192493
( 321 i gdu
( 367) Gyl 0oay
- FILE INPUT
RECS.
- 2 962
o FILT .83 _RECORD
< ) FELEN LR
¢ 4 1) TE47102 )
< 8 42468019
4 1200 2E45C2E1
¢ 164) F A45D92 1
y 2B 3845315
/ [ 24 9) 00050000
4 28 1) 40640930
« 32:) I EPE
( 36%) 24000800
« 4:2) B245A82F
U a4 n B44TL6A7
( 48%) 2746B8CS
< 52%) 984554F1
< 563 414665BA
4 £41) REE !
< 54%) i
_(_ s80) 0G0I000G
¢ 72 i)
¢ 767) |2l 343
¢ 830) 21C156CD
UL - I B 12461ECH
< €8 1) 1S46AGGE
4 s23) 094554718
4 961) U34637E6
¢ 1539) QGG 00
C  1ua49) eEnlgong
C 1080 DOBU00G0
T 1121 2E443C48
€ 1163) ES464 115
T 1299y 4C477861
« 124 1546C OC 4
« 1281 224€ES2
( 132:4) 104 6F N6E
C 136Q) Geou0000
¢ 1431 an0aadd)
T 1aan S0P QU
¢ 1483 60000600

DUMP OF TAPE JROUTCZ2

“T1
SR=2=_AST=1 SR=89
DATA RECORDS
INPUT
5
962 LENGTH
3345452 C 3A4T0412
1F48ECSC F34716FF
814677uD AG466D066
B2468930D D245E9AE
C846DC1C D2456E9AE
2OGUBNEG £0 Tug1:4
U0s8o00C00 00260300
1904030090 3494993939
T CHaa Jutduan
E144GE680 36423250
DATA RECORDS
INPUT
S63
1 LENGTH
32400990 Al46253FE6
4B4 7FCTA F34617FF
B7458952 264662C7T
034&5AD8 E3455562
Duas261lB 93455286
FOCCTOL 300371
20000000 GOOBDOQDIEG
40009090 29994343
PI3E33909 99 IR
244440uC0 86412549
B546F3E8  TA4T47CHO
EA45D8IC E945415A
D54575EA 8C45C1DB
AA455E066 38B4307DC
374678F8 1446837
d3CCH99a 931 iedld
cU00oLsL  U0uaTuud
0000000 (D00QO00CO
42483320 11416B8B4
23445555 8G4 1IN0
3D3FF4A0 S524T7BFFSB
IC466F35 1346A586
514698EC 494674335
35463123 FC45D332
1T 469 1EE 234618CA
FASCaaad 9dditanig
SCHBOGGE SO338900
00000000 00GR20LD
900A93I 909394398
TA4S 3119 AT7456C51
SZ474D63 TE471E20
1U046A249 15467045
12467411 11468DL8
174612DA 2B462620
40000000 00306000
32499400 SU1203:409
IRV R SRVI IS 0 S IS B AR R
000000300 00:.1303C

=11

MA Xe
s$Izt
84

384BYTZS
23478713
1B48F&C2
C346C67T0
B2463B45
D246E9AL
Ja4aaguain
00000020
090040009
13040008
F24305006

MA Xeo
SIZE
27148

2:48BYTIS
78453080
37472FAC
46462906
B34555€C
D745C4B1
3043940
00000000
28000900
A0 UG5
304300080
DC47301A
F245FC19
S745DCAD
A7452307
DE45F853
a9d4goann
¢6000950
06000000
92425D6E
CB408U00
80476573
EAGS63AT
1A46EA3S
F545677%
B0000000
49080900
COOLUGSOD
u0000000
5444 ABAA
B44632B1
18462793
19464800
164640UC
27468323
00000000
90400020
F00CHI00
CGEGDOCO

READ ERRJIR SUMMARY

PERM ZERC B SHCRT
[ 0 4
ED462898 3947A808
S34848B35 BC46EDDF
DO046CBTE D246 6AE
Al146344B BA465686
CT462EAS F246BCES
290300060  9d90290CC
oceo0nad  a0Dd0000
0486300400 n8a000C¢
249400280 94900008C0
67442000 AA4450G80

READ ERAROR SUMMARY
PERM ZERGC B SHCRT
ji] il ¢
DB45BACD D3a4s81BO
86473BB7 FLD4531A¢€
IB46CAF8 (03466CG6
8D45C85F E1453ChC
2B463536 47466850
438600850 349998¢9
0000¢0u2  OLCRAGGO
240004030 252060000
Anagga4a9 naagA0Ca
AB433030 ~843GU00
14C1CAB9 633F1708B
E4458FCF E4454107
C845A4 AE 1B467D3A
A343SACDD 22460AAC
BS45SE94A (03468BER2
400404349 40a9300¢
30003000 ©0CB 002000
g00Cco000 BOCUCOOD
32442C62 203000C0
C1l46ES9A TA454000
13478758 55476362
2904663C8 15464 AA0
AD462FCC  D74537B3
EC45C9B2 0F467S7B
0C0CU0000 O©GOO00000
40040049 904900040
g00o00 20 nasgooc
g0G00000 0COOD000
AA41ABAA 6A435ABAA
AD477355 3948AFSU
194659F 0 1F46Z AG 6
07467FDF 22465CFS
124636C5 1646F&4AD
1846BE7TC 15463102
go0o000000 00000000
10000000 9200400000
ungaeoocn nga99J3gc9
BE3EB202 3443B8CA

UNDEF
6

Bl147697E
C34621C7
Ch4s52619
B2463845
CD46cFB8e7
g0guagoe
806000000
302008900
96 3ED6F1

UNDEF
£

8047DA6T
FF4535B5
A5453EC
BO4SFFDS
1E462C8C
sog00606
000000600
10000000
1D48S1C6
00400000
37475BSF
ED451C38
2046E A28
4452578
1£646D871
0000009
60000630
00000000
600030000
CE45FS88
90473CAB
20466100
D245A848
41465F8E
00000000
900040000
a0000000
00000000
EQ430000
2BC1E3F9
14460FAG
22464763
14460230
62645 BSS5
80060000
a0000000
20040000
3E44D405

INPUT REITRIES

HRECSe TOTAL#Y

[ a
F347282C 75C0ESSD
B74686CEe B4467327
D348 EF18 D44 7FSHF
A2461AF9 BEARESESF
C34628BBA €446608E
00308080 0ag00anc
00000000 oOOCOOCC
00600000 000COQOC
2A43BD23 52449076

INPUT RITRIES

HRECS. TOTAL#

a 2
97472B0C 0@5Cl128FB
d94606F7 F7453B13
B545E878 EC4 50663
9045A25D C34SFABGS
C64SEE1d Bg45L0018
93004008  00004000¢
03000000 GoOGoOOOO
00000000 ©OOCOQOOC
CC42A5SEC 384423F8
80400G00 p0422C3 ¢
2C477591 C2463F2D
BA4537A2 20460510
05463713 B14S9F 06
A3453AC5 99459143
000030C0 000000900
00004908€0 0008000
g0d00068G C©OOCOCODO
ge0o00000 00GOGO000D0
SA44ABAA AA41ABAA
AE46T74EQ 9C47CHBE
QOF 462572 0G34£CE82
0E46293D D14668F8
F44585B3 DA4525D3
34452D23 1846BF37
00000000 4ODOOOOCO
000000C0 GO0Q00OOQ
00000GCH 000032600
00000000 B8F3F453C
25445555 C0400000
8C3F4362 &4C4T1B9B
1B468367 17464525
454648BDA 2C468BA2F
1B4680A8 1F460824
iB462889 (0D46C2CS
00000000 ©000000O
029000C0 00000000
24730090¢0 04000000
0cooGLe00 00GCOOJTO

363F€9B7
B746C64F
BD462913
B746428%
8F46690A
a4aa2a0009
cas500000
30000000
0930940090

783F5663
F74521C8
3546DD0C
22461173
1E462A0E
EREELEL!
90¢00000
000098000
90080000
74450008
2p47C8Ca
2BA6BOF &
8BA451BA7
£A45285)
90000000
80003000
00000000
GOG00000
6A43ABAA
1E489E87
14461CC4
8746CC59
£C45155D
0745832%
00000009
20000000
8000000
ID42F BS54
20410000
794TA8IF
8346E415
1E4616C4
140463500
nounaaco
60000000
990000080
1099009
£144008¢



‘Brai1daan

72433009

E743940.18

2A448780

vd413000

274100006 2F47DO3F 7A450000 O0F462875 1E4716CF
14483838 73481954 35C1F&57 46 3F 7829 CS472061 Cl47EDFS SS94T7SOCF AC4TT7551 CA4T7R84CT? £54K0RB9R
SE463579 6546CF37 5546578C EA4671CC 6D4SARB4F 3C46CF51 66465C76 8T74657CH 8145539 F AF46E728B
83459892 5C4610F1 7446A78B4 SA4661ET 88464138 BD46BSFE 87460347 4346FE5D7 4343033 4D4&BF T
424684F2 38462u49 424673 J8 94465296 4D46CBEN 4S466C3D 414681F9 37466356 £346738E 6546BBB0O
5C460B9F 2566638C 14468512 2C4867709 774633C1 a%0994¢49 20000000 2899030cC4 21u00000 a40:00304
0CULUUU0 O0OUOUGUO 000GOUGGO 0DODODOD OROGOO00 LCSAOBCO0 OLOUODDO 60000000 QUUGGUGO O0O000G0OO0
1000342 4009930 2490483373 Yd84¢aaa3a 900244099 000099300 900G0000 QA0GOOO0 00000000 00000000
34 . guaa FASCag g Ty JOaAgGa0a09 Aguddag A00500C0 a00a0gdc a3g8g0ndo 0030000¢C 0966939090
STIFGUEC C142F(3B 5B44758%9 GCUSUUGt  QOOC0UDON SA44ABAA AMGIARAA AAGIARAA  FL430000 25845555
S5ESESESE 5ESESESE SESEZESE SESESESE SESESESE SE5ESESE SESESESE SESESESE SESESESE SESESESE
SESESESE SESESESE SESESESE SESESFSE SESESFSF SESFSFSE  SESESESE SESFESESE SESESESE  SESESESE
SESESESE SZI3ESESE SESESESE SESESESE SESESESE SESESESE SESESESE SESESESE SESESESE SEEESESE
SESESESE S3ES5ESESE
FILE INPUT DATA RECORDS MAX e RFAD FRROR SUMMARY INPUT RETRIES
RECS. INPUT SIZE PERM ZERC B SHCRT UNDEFe. #RECS. TOTALH¥
89 2893 283 2¢48 1] 1] ] 0 o G
£0J DUMP STOPPED AFTER FILE 92 #_OF PERMANENT RFAD FRRORS G
START TIMFE ©¢9/22/93 11:18:52 STOP TIME 99/22/9a  11:22:41

R






