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INTRODUCTION

The purpose of the data pool tape is to act as a low-cost but reasonably effective
alternative to a full interactive data de-commutation system. In the latter, data
users are linked by means of terminals to a central computer, and call out data
from a large store for their immediate use. The data pool tape acts as a co-
located store of a fraction of the data from the spacecraft. The time resolution
and selection of the data is limited, but the tape lends itself to a number of uses,

for example

(1) An experimenter can use it as an index, and to identify interesting time
periods. He can then obtain data from other experimenters for a col-
laborative study.

(2) A non-experimenter can use it, or the plots to be derived from it, to
correlate with ground observations, or observations from other
spacecraft,

For these, or any of the other uses which will easily come to mind, the user
needs a good description of the tape and of the algorithms used to generate the
quantities on the tape. He also needs a description of the experiments to enable
him to make an informed judgment of the uses to which data derived from them
can legitimately be put. It is intended that these will be supplied in part by this
document,

Yollowing this introduction, we have included a description of the tape itself.
This precedes sections which have short descriptions of each instrument and the
method by which the corresponding data are reduced to yield the quantities on the
tape. Finally there is a list of Principal Investigators, with addresses, and
telephone numbers,
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Data Pool Quantities From Freiiminary

AT o ges b qnn
Algorithms

Original Preliminary
Proposal Algorithm
(1) Magnetic Field, Russell
3 Components,/Min. 3 Spin Corrected Magnetic
(3 Words) Field Components, Payload Coord's.
(1 Minute Intervals)
25 Parameters
(Hourly)

(2) Plasma-Velocity, Bame
Density, Tempera- 4 Electron Energy Levels
ture, 1 Ton Pseudo Density

(3 Words) 1 Ion Average Energy
1 Solar Wind Peak Speed
1 Solar Wind Pseudo Density
(5 Minute Intervals)

(3) 20-50 keV and Williams
50-100 keV 1 32-50 keV e's
Electrons and 1 32-50 keV p's
Protons 1 80-126 keV e's

(4 Words) 1 80-126 keV p's
(5 Minute Intervals)

(4) Number Density Frank
and Energy 1 Spin Averaged Proton
Density of Low Number Density,

Energy Electrons 1 10 keV Electron Flux
and Ions 1 Energy Range Indicator
(4 Words) (5 Minute Intervals)
Anderson
8-200 keV Electron Flux,
8-200 keV Proton Flux.
(5 Minute Intervals)

(5) E-Field Gurnett
Bandpass Channel, 1 562 Hz Wave Electric Field
400 Hz. Magnitude.

(5 Minute Intervals)
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Data Pool Quantities From Preliminary Algorithms (Continued)

Original

Preliminary
Proposal Algorithm
(6} B-TField Gurnett
Bandpass Channel, 1 562 Hz Wave Magnetic Field
400 Hz. Magnitude

(5 Minute Intervals)

(7) Harvey On-Off

Harvey
6-Level Status Word.
(1 Minute Intervals)

(8) Electron Gun On-Off

Mozer
Gun On or Off Indicator.
(1 Minute Intervals)

(9) Electron Density from

Sharp 1

Sharp
Cold Plasma Density
Flow Angle Indicator
Temperature Indicator
(5 Minute Intervals)

(10) 15 Minute Averages

of Higher Energy 1

Counting Rates.
300 keV-1 maV
10-30 maV*

1
L 30-60 meV* 1

Hovestadt
0.17-0.4 MeV Protons
0.12-0.25 MeV Alphas
Heavies (Z > 2) Greater than 100
keV /Nucleon
5~10 MeV Protons
10-20 MeV Protons
(15 Minute Intervals)

*Simpson was to have provided these.
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NOTES ON THE ISEE A + B DATA POOL TAPE

GENERAL DESCRIPTION AND USAGE

[.  Structure of the Data Pool Tape

(4

(B)

Tapes

Each data pool user receives one reel of tape per week. This tape may
be 7-track 556 cpi or 9-track 1600 cpi, depending upon the user's pref-
erence. All tapes are odd parity. Inter-record gaps are 1/2 inch for
9-track tapes and 3/4 inch for 7-track tapes,

Files

Data pool information for a 7-day period is presented as a single tape
file, beginning with a label record and ending with a standard tape mark
(EOF mark). All tape records, including the label, are of the same
length. The data pool file contains approximately 160 data records
spanning 7 days of telemetry data. Redundant telemetry data (due ito
overlap in ground station coverage) has been removed. The data ool
file coincides in time with a "shipping group' of the usual telemetry duta
(decom tapes) which is sent to each experimenter,

The data pool file appears 3 times on the tape for redundancy backup.
See Figure 1.

Data Words
(1) Word Size

Each data pool tape is written in computer words of a length com-
patible with the intended user's computer, Tapes thus constructed
can be read directly into the user's computer with no reformatt
This holds true for both 7-track and 9-track tapes. For example,
records intended for use with a CDC 6000 series computer would
appear as packed strings of 60-bit fields. On a 9-track tape, euch
such 60-hit field occupies 7~1/2 tape characters. But the total
number of words per record is an even number, so that the 60-hbit
fields can all be written in pairs, 15 tape characters per pair, and
thus can be read normally by the CDC. (Other combinations of
word size and tape type work out in a similar fashion. )
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{2y Floating Point ermat

The entire data pool tape, the file label record and all data records,
are in floating point formut, (This provides a uniform, standard
appearance of all information, facilitates conversion to the various
computer word sizes, and simplifies tape printing and verification. )
The floating point representation used on each tape is specified by
the vser, and, like the word size, is compatible with the computer
which will process the tape.

Most data pool tape quantities are originally computed in floating
point and should be interpreted as such. Certain items, however,
are obvious as integer values converted to floating point represen-
tation (day-of-year, seconds-of-day, clock, various indicator flags,
etc, ). The user may interpret such items either as floating point
(in which case tests for equality may be invalid) or as integer (in
which case appropriate precautions should be taken to prevent pos-
sible truncation during conversion to integer).

(3) Missing Data

Missing data items are indicated by a negative value fill code in
place of the missing item. The exact value of the fill code is de-
pendent on the type of floating point used, but will in all cases be
outside the legitimate range of any data item.

Missing data pool items may be the result of gaps in data recovery
at the ground station, or the result of data being rejected by one of
the experiment processing algorithms.

It is possible that uncertain conditions may lead to a data pool re-
sult of questionable validity. Rather than be rejected, such results
may, in certain cases, be presented as the negative of the actual
result. Thus, a negative number other than the fill code, if in a
field which should normally be positive, represents a doubtful re-
sult and may be used, but with caution. (Note that this does not
apply to those values which may normally be negative, such as
magnetic field components. )




11.

Contents of the Data Pool Tape

(&)

(B)

(©)

Time

The time values given on the data pool tape are UTC (Universal Time
Code) at the time the data was transmitted from the spacecraft (i.e.
transmission lag time has been removed). Times have been smoothed

to remove random errors and then verified by intercomparison among

all the ground stations. Time is given as Julian day (1-366) and seconds-
of-day.

Clock

The clock used on the data pool tape is a minor frame counter, at both
the high and the low bit rates, having a cycle time of approximately 97
days. Itis constructed by combining the 24-bit raw spacecraft clock
with part of the frame counter. (This is the same clock as used on the
telemetry data tapes. ) Maximum clock size is 25 bits at low bit rate
and 27 bits at high bit rate.

Since the full clock will not fit in all types of floating point words without
truncation, it is broken into 2 pieces, the low order 21 bits in one word,
the remaining high order portion in another, The full clock can be re-
constructed by converting hoth clock pieces to integer, then adding

them together.

It should be noted that time, rather than clock, is the primary reference
for data pool items. Clock is subject to rollover within the data pool
file, as well as to unpredicted jumps forward or backward,

Timelines

The time versus clock relationship may not be linear throughout the en-
tire data pool file. Breaks occur when the bit rate changes, at end-of-
year, and if the clock jumps or rolls over. A segment of data in which
time versus clock is linear is defined as a time/clock baseline or
"timeline, "

Data accumulation intervals for experiment algorithms do not continue
across timelines; that is, each data pool quantity is computed using data
which begins and ends in the same timeline. See Figure 2.




TIMELINE STRUCTURING

ool
ol
F
y
| ~E
O N
5 /
e / D
C
of ‘ /
p&,c A B
<
oh
— —— - DATA
s ena v e = F[ LL CODE
SPACECRAFT CLOCK ——m
Spacecraft Clock
A. Last record of timeline contains fill beyond the end of the timeline.
B. A new timeline begins due to a clock reset. No gap in data coverage.
C. Data gap within a record results in fill code.
D. New timeline begins due to a bit rate change.

E.  Large data gap resulis in an entire record of fill code. Note that the record following
the all-fill record begins with fill, but has a start time assigned as if data were present.

F.  New timeline begins due to a bit rate change.

Figure 2, Timeline Structuring




(D) Data Records

Data records are fixed length, 310 words long, A full record holds 64
minutes of information, taken from 60 major frames of data at low bit
rate or from 240 major frames at high bit rate.

Within a timeline, each data record represents a 64-minute partition in
time. Data items are positioned within the records by time, relative to

. the start of the record (see "Time Tagging, " below). Fill code is sub-
v stituted where data is unavailable. If a gap in data coverage greater

than 64 minutes occurs, it is possible that an entire record will be fill
code. In this case the dummy record indicator is turned on.

Yhen a new timeline starts, the uniform 64-minute spacing of records

is interrupted and a new sequence of 64-minute records is established,
The first record of the new timeline will not, in general, increment by
64 minutes from the previous record. Subsequent records will incre-
ment by 64 minutes until another timeline begins. Data records which
begin a new timeline are flagged both in the records themselves and in
the file label.

The format of the data record is given in Table 3.
(E) Time Tagging

There are four types of data pool information, according to frequency
of readout: (1) 60 per record, l-minute intervals; (2) 12 per record,
5-minute intervals; (3) 4 per record, 15-minute intervals; (4) once per
record, hourly interval. ('"Minute,' as used here, is more correctly
an "ISEE minute, ' or 64 seconds, which is the time period of one major
frame at low bit rate.)

The start time of the data record (words 1 and 2) is the start time of
sampling interval number 1 at all four frequencies of readout. The
start times of subsequent intervals are computed relative to interval
number 1,

Examples (Refer to Table 3):

ixample 1 — Words 227 through 406 of the data record contain 60 mag-
netic field vectors labeled {Bp(1), Bx(1), By(1)} through {Bp(60), Bx(60),
B}f(GO)}. The vector {Bp(l), Bx(1), By(l)}, in words 227-229, was com-
puted over the 64-second interval beginning at the record start time.




The vector {Bp(GO), Bx(60), By(GO)}, in words 404-406, was computed

over the 64-second interval beginning at t = (record start time) + (59 x

64 seconds). Similarly, vector {Bp(3), Bx@3), By(3)}, words 233-235,

vas computed over the 64-second interval beginning at t = (record start
time) + (128 seconds).

Example 2 — Find the 8-200keV proton flux at a point in time 20 min-
utes from the start of the record.

. The required information set is from the Anderson algorithm, words
635-646, labeled PFLUX (1) - PFLUX (12). This data is given at in-
tervals of 5 ISEE-minutes or every 320 seconds. Let RST equal the
record start time. Then,

RST + 20 min = RST + 1200 sec = RST + 3.75 intervals

The desired value would thus be best approximated by interval No. 4,
word 638.

(F) File Label

The file label record, Table 1, contains identification and accounting
information for the data pool file. It also contains the minimum and
maximum spin periods encountered over the 7-day file period, a sum-
mary of the shadow periods, and an index to all timelines in the file.

The record is padded to the length of the data records.

As indicated in Table 1, the first 1440 bits should be ignored by the
user. These bits are used for internal accounting purposes by God
Space Flight Center.

EXPERIMENT DESCRIPTION - ANDERSON EXPERIMENT

The Aﬁd@rmﬁ experiment on ISEE/A and B consists of identical pairs of
of solid state telescopes and two fixed voltage analyzers. The solid stat
scopes are mounted on cold plates and operate around -56°C.

are mounted to view along the spin axis of the spacecrafts
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Table 1
Data Pool File Label

Word Description !
Number* (All Values are Floating Point)
I
1440 bits for Goddard Space Flight Center internal use. (1440 bits = n
r words. where n depends on the word size used.)
no
n+l Satellite ID number.
n+2 Intended recipient of this tape. (See Table 2.)
n+3 YY. start of file, 2 digits of year.
n+4 DDD, start of file. Julian day 1-366.
n+s SSSSS. start of file, seconds of day.
n+o6 YY. end of file, 2 digits of vear.
n+7 DDD. end of file. Julian day 1-366.
n+8 SSSSS. end of file, seconds of day.
n+9 High order bits
> Clock at start of the data pool file.
n+10 Low order 21 bits
n+ll Group number (corresponds to telemetry data tape group numbers).
n+l2 Minimum value of spin period found within this file, seconds.
n+13 Maximum value of spin period found within this file, seconds.
n+14
Spares.
n+29

*Word size is dependent on the intended recipient,




Table 1 (Continued)

Word

Numbe

n+76
n+77
n+78
n+79
n+80
nt+&1
n+82
n+83
n+&4
nt+&5
nt+&86
n+87

nt656
n+657
658
n+659
nt+660
n+661
n+662

810

Description
(All Values are Floating Point)

Number of shadow periods (maximum 10)

Start time of shadow period (1
Seconds of day> ’ ! i

) > Stop time of shadow period (1)
Seconds of day

Day of year
Day of year

Start record number of shadow period (1)

Day of year . R .
Start time of shadow period (10)
Seconds of day

gt?;i;:iii;;i::> Stop time of shadow period (10)
Start record number of shadow period (10)

Number of time lines (maximum 80)

Start day of year (1)

Start seconds of day (1)

High order bits of start spacecraft clock (1)

Low order 21 bits of start spacecraft clock (1)

Bit rate (1-low bit rate: 4-high bit rate) (1)

Start record number (1)

Start day of vear (80)

Start seconds of day (80)

High order bits of start spacecraft clock (80)
Low order 21 bits of start spacecraft clock (80)
Bit rate {1-low bit rate: 4-high bit rate) (80)

Start record number (80)

Fill to equal data record length

spouad mopeys 1 01 dpy

SaUT aulll 0Y 01 dn




Table 2

Experimenter Identification Codes

Experimenter ID Code

Experimenter Name

201

204

205

206

207

208

209

210

211

212

Anderson
Bame
Frank
Gurnett
Harvey
Helliwell
Hovestadt
Heppner
Mozer
Ogilvie
Russell
Sharp
Williams
Egidi

Keppler

(ISEE-A/B)
(ISEE-A)
(ISEE-A/B)
(ISEE-A/B)
(ISEE-A/B)
(ISEE-A)
(ISEE-A)
(ISEE-A)
(ISEE-A)
(ISEE-A)
(ISEE-A/B)
(ISEE-A)
(ISEE-A)
(ISEE-B)

(ISEE-B)

Paschmann (ISEE-B)

10




Table 3

Data Pool Record

Word
Number*

1

2
3
4
5

10-21
22
23
24

Description
(All Values are Floating Point)

Day-of-year, record start
Seconds-of-day, record start

Clock, record start. High order portion.
Clock, record start. Low order 21 bits.

Recovery factor:
For LBR = (minor frames processed)/(60. x 256. )
For HBR = (minor frames processed)/(240. x 256.)

Bit rate:
1.0 = LBR (Low Bit Rate)
4.0 = HBR (High Bit Rate)

Dummy record indicator:

0. = at least one minor frame of data within this record's span.

7.0=no data within the span of this record. The record is a
dummy.

Timeline indicator
0. = this record lies on an existing timeline
7.0 = this record begins a new timeline

Data record number

Spares
GSEX(1)
Satellite position in GSE coordinates,
GSEY (1
@) interval No. 1 (of 60)
GSEZ(1)
GSEX(60)
s Satellite position in GSE coordinates,
GSEY(60) interval No. 60 (of 60)
GSEZ(60)

*Word size is dependent on the intended recipient.

11




Table 3 (Continued)

Word Description
Number (All Values are Floating Point)
Russell Algorithm:

202 A )
203 R,, = AM,/AM,

204 R3; = AM3/AM,

205 Sy

206 Cy,

207 S5,

208 Cyy

209 Apy

210 T,

211 T,

212 FS

213 AS, Analog status

[ ety ot om
215 MD-SD, Mag delay-Sun delay
216 SP, Sun period

217 MP, Mag period

218 SE, Sun elevation

219 DS (of first sample in hour)

220 T

221 0,

222 0,

223 (OR

224 RS,

225 RS,

226 RS, J




Table 3 (Continued)

Word Description
Number (All Values are Floating Point)
227 Bp(1) - spin axis coordinate
e . . . Magnetic field vector,
228 Bx(1l) - satellite-sun line coordinate interval No. 1 (of 60)
229 By (1) - 3rd coordinate of triad
404 Bp(60)
) Magnetic field vector,
405 Bx(60) interval No. 60 (of 60)
406 By (60)
Harvey Status:
407 HASTAT(1) Status during interval No. 1 (of 60)
466 HASTAT(60) Status during interval No. 60 (of 60)
Mozer Status:
467 MOSTAT (1) Electron gun status during interval No. 1
(01 60)
526 MOSTAT(60) Electron gun status during interval No., 60
{of 60)

Bame Algorithm:

527 ESPEC1A)
- o 4-level electron spectrum for inter No, 1
528 ESPEC2(1) ey P interval N
{of 12)
529 LSPEC3 (1) J

13




Table 3 (Continued)

Word Description
Number (All Values are Floating Point)
530 ESPEC4() 4-level electron spectrum for interval No. 1
(of 12)
571 ESPEC1(12) ’
572 ESPEC2(12) 4-level electron spectrum for interval No. 12
573 ESPEC3(12) (of 12)
574 ESPEC4(12)
575 IONPD(1) Ion pseudo-density, interval No. 1 (of 12)
586 IONPD(12) Ion pseudo-density, interval No. 12 (of 12)
587 IONAE(1) Ion average energy, interval No., 1 (of 12)
598 IONAE((12) Ion average energy, interval No. 12 (of 12)
599 WINDPS(1) Solar wind peak speed, interval No. 1
(of 12)
610 WINDPS(12) Solar wind peak speed, interval No. 12
(of 12)

14




Table 3 (Continued)

Word Description

Number (All Values are Floating Point)

611 WINDEN(1) Solar wind pseudo-density, interval No. 1
(of 12)

622 WINDEN(@12) Solar wind pseudo-density, interval No. 12
(of 12)

Anderson Algorithm:

623 EFLUX(1) 8-200keV electron flux, interval No. 1
(of 12)

634 EFLUX({12) 8-200keV electron flux, interval No. 12
(of 12)

635 PFLUX1) 8-200keV proton flux, interval No. 1 (of 12)

646 PFLUX(12) 8-200keV proton flux, interval No. 12 {of 12)

Gurnett Algorithm:

647 EF362(1) Wave electric field, 562 Hz, interval No, 1
{of 12)
658 EF562(12) Wave electric field, 562 Hz, interval No, 12

(of 12)




Table 3 (Continued)

Word
Number

659

.

670

ME562(1)

.

MF562(12)

Williams Algorithm:

671

694
695

ELOW(1)

.

ELOW(12)
EHIGH (1

»

EHIGH(12)
PLOW(1)

PLOW (12

PHIGH(1

Description
(Ml Values are Floating Point)

Wave magnetic {ield, 562 Hz, interval No. 1

(of 12)

Wave magnetic field, 562 Hz, interval No.

(of 12)

32-50keV electrons, interval No. 1 (of 12)

12

32-50keV electrons, interval No, 12 (of 12)

80-126keV electrons, interval No. 1 {of 12)

80-126keV electrons, interval No, 12 (of 12)

21-50keV protons, interval No,

32-50keV protons, interval No.

80-126keV protons, interval No.

=

80-126keV protons,

16

interval No.

1 {of 12)

12 of 12y

1 of 12,

12 wf iz




Table 3 (Continued)

Word
Numbe r

Sharp Algorithm:

719 PLADEN()
720 PLANGL(1)
721 PLATEM(1)
752 PLADEN(12)
753 PLANGL(12)
754 PLATEM(12)

Frank Algorithm:

755 PRODEN(1)
756 EFLX10(1)
757 FRANGE(1)
788 PRODEN(12)
789 EFLX10(12)
790 FRANGE(12)

Description
(All Values are Floating Point)

Cold plasma density, interval No. 1 (of 12)

Plasma flow angle indicator, interval No, 1
(of 12)

Plasma temperature indicator, interval No. 1
(of 12)

Cold plasma density, interval No. 12 (of 12)

Plasma fiow angle indicator, interval No. 12
(of 12)

Plasma temperature indicator, interval
No. 12 (of 12)

Proton density, interval No. 1 (of 12)
10keV electron flux, interval No, 1 (of 12}

Energy range indicator, interval No. 1
(of 12)

Proton density, interval No. 12 (of 12)

10keV electron flux, interval No. 12 (of 12)

Energy range indicator, interval No., 12
(of 12)




Table 3 (Continued)

Word Description

Number (All Values are Floating Point)

Hovestadt Algorithm:

791 PROLP(1) 0.17-0.4 MeV protons, interval No. 1 (of 4)

794 PROLP#) 0.17-0.4 MeV protons, interval No. 4 (of 4)

795 ALFLA() 0.12-0.25 MeV alphas, interval No. 1 (of 4)

798 ALFLA#) 0.12-0.25 MeV alphas, interval No. 4 (of 4)

799 HEAVYS(1) Heavies (Z > 2) greater than 0.1 MeV,
interval No. 1 (of 4)

802 HEAVYS®) Heavies (Z > 2) greater than 0.1 MeV,
interval No. 4 (of 4)

803 PROHP1I(1) 5-10 MeV protons, interval No. 1 (of 4)

306 PROHP1 ) o-10 MeV protons, interval No., 4 (of 4

807 PROHP2(1) 10-20 MeV protons, interval No. 1 (of 4)

819 PROHPZ(4) 10-20 MeV protens, interval No, 4 (of 4)

18




lose very little energy in the foil. The foil is chosen so that it stops protons up
to the energy of electrons which just penetrate the detector. In the absence of
protons energetic enough to penetrate the foil, the foil-covered detector counts
only electrons while the open detector counts both electrons and protons. When
the energetic protons are present, their fluxes are obtained by subtracting the
foil detector counting rate from the open detector counting rates.

Two fixed electric field analyzers complement the solid state telescopes to de-
tect electrons and protons below ~8keV, The analyzers consist of cylindrical
plates, and the particles are detected by means of channel multipliers. One
array is made up of funnel-mouthed multipliers (for large geometry factors)
while another is made up with multipliers without funnels (small geometry
factor).

Relevant information concerning the geometry factors, apertures, dynamic
range, temporal resolution, and energies of the particles detected is summarized
in Table 1. Some of the numbers shown are preliminary and may be modified at
a later date. It is highly recommended that all users of the Anderson experi-
mental data verify and/or clarify with the Principal Investigator any uncertainties
or peculiarities concerning the data.

Algorithm for Processing the Pool Data from the Anderson Experiment

From the Anderson Energetic Particle Fluxes Experiment, the data pool con-
tains the following quantities:

a. energy-integrated electron fluxes in the energy range of 8-200keV,
designated EFLUX in the data pool format,

b. energy-integrated proton fluxes in the same energy range, designated
PFLUX in the data pool format.

The fluxes are averaged every 5 minutes and 20 seconds, which precisely covers
5 major frames at low bit rate. Only the measurements from the mother space-
craft are inciuded in the data pool. The electron fluxes are directly measured
by the foil telescope, labeled in the experiment as FT8. Besides the foil tele-
scope, the experiment has an open telescope, OT8, which measures both electron
and proton fluxes. The proton fluxes are then deduced by taking the difference

of OT8 and FT8, OTY - FT8.

OT8 and FT& can be located in the telemetry stream as follows:

(1) Note that the experiment can be operated either in slow or fast telemetry
format. For each format, the telemetry structure is different. The
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operation mode can be checked every 16 seconds or 64 minor frames.
To know the telemetry mode, first obtain the housekeeping bits at the
word 39 of minor frame 14, Counting from left to right, the last bit
specifies the mode. Note that each word has 8 bits.

(2) Acquire the 24 bits of the data select word, DSEL. DSEL consists of
three words, word 39 of minor frames 30, 46, 62. These three words
are assembled from left to right as received to form a 24 bit word.

(3) Divide DSEL into 8 3-bit groups. The content of the 3-bit group speci-
fies the detector and its experimental condition. Eight possible types
of measurements can be assigned for each group. It is therefore nec-
essary to check through DSEL to find out which group has the measure-
ments FT8 and OT8. FT8 is specified as 010 and OT8 specified as 000.

(4) Corresponding to each 3-bit group, the telemetry stream has a pre-
assigned word, called data accumulator, containing the measured data
from the specified detector. Dividing DSEL from left to right in se-
quence, the corresponding eight accumulators are called F1, F2, F3,
F4, F5, S1, S2 for the slow mode. For the fast mode, the eight ac-
cumulators in sequence are called F1, F2, F3, S3, 54, S5, S1, S2.
Table 1 and Table 2 give locations of the accumulators per 64 minor
frames.

(5) The eight bit output of each accumulator comes from a type 623 con-
verter, operating in the ''19 to 8 bit, " "clock normally low' mode. To
recover the original 19 bit count rate, a decoding algorithm is needed.
For completeness, the decoding algorithm is included.

(6) Multiply the count rate by a detector efficiency factor to obtain the par-
ticle flux. The efficiency factor is determined empirically.

(7) Note that the content of accumulators depends on the telemetry mode
(slow or fast). The average algorithm should also consider the fact
that FT8 and OT8 can be contained in either F-accumulators or
S~accumulators. NOTE: Zero is represented by "0, the letter "oh"
is represented by "O". All counts start with 0.

CONVERSION ALGORITHM FOR 623

The following algorithm is used to recover the original binary count (C) from the
telemetered values of X and Y. In the serial data the value of Y is shifted out
first followed by X. The most significant bit of each is transmitted first.




Table 1

Slow Mode

Location

Accumulator NE;Zi . Minor Frame

F1 36 All

F2 37 All

F3 38 All

F4 100 All

F6 101 All

F6 102 All

S1 39 0, 8,16, 24, 32, 40, 48, 56

S2 39 2, 10, 18, 26, 34, 42, 50, 58

Table 2
Fast Mode
Location

Accumulator N\:r(;;ir Minor Frame

F1 36 All

F2 37 All

F3 38 All

F1 100 All

F2 101 All

F3 102 All

S3 39 0, 16, 32, 48

S4 39 2, 18, 34, 50

S5 39 4, 20, 36, 52

S1 39 6, 22, 38, 54

“82 39 | 8, 24, 40, 56




For the 19 to 8 bit mode:
(a)y ifn, Xare 14, 15C =0
b) ifn=-0C=X+1

(¢c) Otherwise, C =1 + (X +16) 2" where n is given in Table 1.

For count values less than 129 only the last value of X given in the Table should
ever occur.

Table 1
Y to n/P Conversion for 19 to 8 Mode
Y n
0 0
1 11
2 10
3 1
4 12
5 -0
6 14
7 13
8 8
9 3
10 2
11 9
12 4
13 7
14 6
15 5




FAST PLASMA EXPERIMENT
MOTHER AND DAUGHTER

Principal Investigator: S. J. Bame

Address: Los Alamos Scientific Lab.
Los Alamos, New Mexico 87545
505-667-5308

Co-Investigators: J. R. Asbridge
W. C. Feldman
J. T. Gosling
E. W. Hones, Jr.
G. Haerendel
G. Paschmann
H. Rosenbauer
K. Schindler
N. Sckopke

EXPERIMENT DESCRIPTION

The primary focus of the joint Max Planck Institute - Los Alamos Scientific
Laboratory experiment is an investigation of the thicknesses, motions, and
structures of the permanent and transient plasma discontinuities found in space
about the earth. Nearly identical plasma instruments on the Mother and Daugh-
ter spacecraft comprise the whole experiment designed to discriminate between
permanent and transient structures. Primary interest is devoted both to per-
manent structures such as the bow shock, magnetosheath, magnetopause, plasma
sheet, neutral sheet, and plasmapause and to transient structures such as shock
waves, tangential discontinuities, and the various types of waves which are found
in the solar wind, magnetosheath, and plasma sheet. Only an incomplete list
can be given here of the specific phenomena which can be studied with the coni-
bined observations from the plasma analyzers on the Mother and Daughter space-
craft: (1) Evolution of structures in the solar wind propagating over 0.01 AU
from the Heliocentric spacecraft to M/D. (2) Alfven waves in the interplanetary
medium. (3) Phenomena in the solar wind caused by the downstream bow shock,
such as bow shock protons, solar wind electron heat flux from the bow shock and
upstream waves. (4) Discontinuities and waves in the solar wind propagating
into the magnetosheath and magnetosphere regions probed by M, D, (5} Bow
shock thickness, structure, and velocity. (6) Magnetosheath structure and prop-
agation of waves and discontinuities within it. (7) Magnetopause thickness,
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structure, and velocity. (8) Reflection of ions and electrons at the magneto-
pause. (9) Boundary layver of the near magnetotail. (10) Thickness, structure,
and motions of the plasma sheet and its boundaries. (11) Plasma flow within the
plasma sheet. (12) Thickness, structure, and motions of the plasma-pause,
ete.

- Measurements of the electron and ion velocity distributions in one-, two-, and

’ three~dimensional form are made as fast as possible and repeated as often as
possible. The determinations are made on both spacecraft using identical ex-
periments. The fast plasma experiment package consists of three 90° spherical
section electrostatic analyzers. Two of the analyzers have oppositely directed
look angles and are devoted to making two-dimensional measurements as fast as
possible. These analyzers have an electron multiplier counter with an added
special large first dynode which accepts analyzed particles over a +55° polar
angle range. Complete energy distributions with 16 levels are made at 16 evenly
spaced angles for both electrons and protons in one spacecraft revolution, 3 scc,
The measurements are repeated every 3 seconds at the high bit rate. A single
energy spectrum is obtained in 0.16 sec. At the low bit rate there are two com-
mandable modes. With one, the same 16 x 16, E and P measurements are made
in a single revolution but measurements from only every 4th revolution can be
telemetered. With the second mode, interleaved sets of counts at 8 levels and
8 equally spaced angles are telemetered, so that partial data are obtained every
revolution and a full set every 4 revolutions.

A third 90° spherical section analyzer has its first dynode divided into four purts
in front of the multiplier which detects the analyzed particles. Secondavy elec-
trons are separately counted from the four parts, on which the polar angle dis-
tribution is imaged, giving three-dimensional measurements. These meusure-
ments take longer than 2-D, of course, being completed in 24 sec. At the low
bit rate data are acquired four times slower.

<
[©]

All three 907 analyzers operate over two commandable energy ranges, 50eV <
E, = 10keV and 5eV < E, < 3keV for solar wind and mugnetosheath measure
ments, and 70eV < E, < 40keV and 11 eV < E_ < 20keV for magnetoshcuth o
magnetosphere measurements.

To support the fast plasma experiment studies as well as the other experin

T on M/D, the Mother package includes a solar wind experiment. This instrumen

consists of a single 1507 electrostatic analyzer with two entrance apertures nid

two multiplier-counting systems. lons entering the entrance apertures from fun-

’ shaped acceptance solid angles are analyzed and counted in four sets of energ:
sweeps of 14 levels each. The sweeps are made at 8 angles centered on the

solar direction. Two sets of interleaved angles are used so that by combining




sets of measurements, a total of 16 angles are covered. The acceptance fans

are tilted in opposite directions from the vertical (spin axis) by 45°. Combining
data from the two counters permits determination of the 3-D flow vector of the
solayr wind and information on the 3-D moments of the velocity : ‘ The

of 180eV to 71

ates over a prot{on energy range
high

1

pit rate the complete range

1.4

ht-angle subsets of data

wramelers
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FAST PLASMA EXPERIMENT PARAMETERS
SUPPLIED FOR THE DATA POOL

It must be emphasized that rather sophisticated data manipulations and editing
are generally required to construct accurate plasma parameters from the data
acquired with plasma instrumentation. Data processing at these levels is too
complicated and lengthy to be appropriate for the pool data so somewhat simpli~
fied "pseudo' parameters are supplied. Caution should be exercised in the use
of these parameters because at best they are only rough preliminary approxi-
mations to the parameters which are obtained with more sophisticated treatments
and at worst the pseudo-parameters could be seriously misleading., It should be
kept in mind that main objectives of the data supplied are to permit identification
of the regions of space through which the spacecraft is passing and to identify
times of particular interest for which more accurate values of the plasma param-
eters may be of particular importance.

For FPE the parameters are derived from basic sets of data consisting of elec-
tron counts C; (i, j) and ion counts C; (i, j) at 16 energy levels, E;, and 16 meas-
urement angles, ¢j.» The energy levels extend from 5eV to 3keV for electrons
and from 50eV to 10keV for protons when the lower ranges, appropriate for the
solar wind and magnetosheath are used. When the higher ranges, appropriate
for the magnetosphere, are used, the levels extend from 10eV to 20keV for
electrons and from 67eV to 39keV for protons. Angular separations between
measurements are ~22.5°

FPE ELECTRON SPECTRA

For enabling identification of the spatial region a 4-level spectrum is supplied.
Data from 16 consecutive electron sweeps are generated as follows:

8! 16

2 > GGirm=1,5913n=m+3

i=m j=1

in the data pool format, these numbers are designated ESPEC1, ESPECZ,
ESPECS, and ESPEC4 for m =1, 5, 9, and 13 respectively. After some experi-
ence, experimenters should be able to look at these four numbers and tell whether
the S/C is in the solar wind, magnetosheath, plasma sheet, or high latitude tail.

For the low energy sweep the energy bands are approximately SeV to 21 eV,
2 Jto 86eV, 86eV to 355eV, and 355¢eV to 3.0keV. When the experiment is

o
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operating from the high sweep level, the bands are 10eV to 52eV, 52eV to
287eV, 287eV to 1.57keV, and 1.57keV to 20keV,

FPE PSEUDO-DENSITY

In the data pool format this is designated IONPD.

FPE COUNTS-AVERAGED AVERAGE ION ENERGY

16 16
_ =1 j=1
I:P =

16 16

2 D GG

i=1 =1

In the data pool format this is designated as IONAE.

SOLAR WIND EXPERIMENT PARAMETERS

For the SWE a basic set of data consists of a matrix of counts C,, (i, j) from two
counters (a = counter 1 or 2) at 56 energy levels E; and 16 angles ¢; centered on

the sun. This experiment is expected to generate useful data only when the space-
craft is in the solar wind because of the limited angular range of measurements.

SWE PEAK COUNT SPEED Vp

In order to ascertain that the experiment is probably in the solar wind, the maxi-
mum count Cy, max @» ) is determined for a complete cycle. This count is then
compared to the sum of all the counts obtained during the cycle. If Cy,, ,.x €X-
ceeds a certain fraction Ky, of the summed counts, the proton spectrum is rela-
tively cool and the experiment is probably in the solar wind instead of the mag-
netosheath or magnetosphere where the energy distributions are much broader.
The energy level E; associated with Cy,, .y 1S then used to calculate the peak
count speed V,.
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SOLAR WIND PSEUDO-DENSITY
When in the solar wind, a pseudo-density is calculated,
16 1 16

Nop = Kyx Z = Z Cor )

=1 VE T

K,  is a constant related to the analyzer geometry. Solar wind pseudo-density
is designated WINDEN in the data pool format.




QUADRISPHERICAL LEPEDEA
FRANK EXPERIMENT

(ISEE Mother and Daughter Spucecrait)

The observational objectives of the Quadrispherical LEPEDEAs on the ISEE
Mother and Daughter spacecraft are (1) to obtain directional, differential inten-
sities of electrons and positive ions, separately and simultaneously, over the
energy (I,/Q) range of 1eV to 50,000eV, (2) to measure the apgular distributions
of electron and positive~ion intensities over all but 27 of the 4n-steradian solid
angle at the satellite position with good angular resolution, (3) to provide ade-
guate sensitivities, dynamic ranges and energy resolution for comprehensive
measurements of these plasmas in the magnetosheath and all regions of the mag-
netosphere accessible to the spacecraft, and (4) to obtain these plasma observa-
tions with meaningful temporal resolution.

The mechanical configuration of the Quadrispherical LEPEDEA comprises three
concentric, quadrispherical plates with radii of curvature 10.8¢m, 11,2 cm,

and 11.7 ¢m, respectively. The outer two plates are grounded and the center
plate is biased with a stepped, programmed voltage. This electrostatic analyzer
geometry allows simultaneous determinations of the directional, differential in-
tensities of electrons and positive ions as well as determination of their angular
distributions within a fan-shaped field of view, 162° x 6°, via suitable positioning
of individual detectors at the exit apertures of the electrostatic analyzer. For
the ISEE Quadrispherical LEPEDEAs, seven continuous-channel electron multi~
pliers are employed at each of the exit apertures (electron and positive ion) to
divide the fan-shaped solid angle into seven contiguous segments. A thin-
windowed Geiger-Mueller tube has been included in each of the Quadrispherical
LEPEDEAs for determinations of the directional intensities of electrons E 2 45
keV and protons E 2 600keV in directions perpendicular to the spacecraft spin
axis. The field-of-view of each Geiger-Mueller tube is conical with full-angle
25°, The capabilities for plasma measurements of the two ISEE Quadrispherical
LEPEDEAs are identical in all important aspects such as energy range, angular
coverage and temporal resolution.

The energyv range and resolution of the Quadrispherical LEPEDEAs are lev <

E < 50,000eV and AE/E = 0.17, respectively. E is the energy per unit charge.
The entire energy range is spanned by 63 contiguous energy passbands, Four
sequences of energy passbands are available: all 63 energy passbands, every
other passhand, the lower 32 energy passbands and the higher 32 passbands.
The desired sequence of energy passbands is selected by ground command.




Intensity ranges and thresholds have been chosen to yield definitive measurements
of all the known divers plasmas in the earth's magnetosphere and its environs,
excluding only the solar wind ions and electrons. These plasmas within the
capabilities of the Quadrispherical LEPEDEAs include those in the ring current,
plasma sheet, high-latitude magnetotail, and magnetosheath. The practical
threshold intensities for positive ions are 7 x 10° and 1.5 x 107} (cm2 ~3eC-
’ sr-eVy! at 1eV and 50keV, respectively. The corresponding threshold electron
intensities are 2 x 104 and 4 x 107! (cm? -sec-sr-eV)"! at 1eV and 50keV, re-
spectively. These threshold intensities vary approximately as E™! over the in-
. struments' energy range. The maximum positive-ion and electron intensities
within the ranges of the Quadrispherical LEPEDEA are a factor of 3 x 10°
greater than the above corresponding thresholds.

Comprehensive coverage of the angular distributions is provided by the combin-
ation of the wide field-of-view, 162° x 6°, of the Quadrispherical LEPEDEAs and
the spin motion of the spacecraft. The axes of the ficlds-of-view are directed
perpendicular to the spin axis with the 1627 dimension lying in a plane parallel

to the spin axis, The seven fields-of~view comprising each of the two vwide {ans
of acceptance, one each for positive ions and electrons, sweep out seven lal
inal bands on a unit sphere as the satellite rotates, 1If latitude is measured
the spin axis direction at 0°, these seven latitude ranges are 9°-18°, 187-39°,
39°-71°, 71°-109°, 109°-141°, 141°-162°, and 162°-171°, The only portions of the
4p-steradian solid angle for charged-particle velocity directions at the satellite
position that are not sampled by the Quadrispherical LEPEDEA are thus two
small cones with half-angle 9° and directed parallel and antiparallel to the spin
axis, respectively. All but 2% of this 47-steradian solid angle is sampled by
these plasma analyzers., Each of the above latitudinal bands is further divided
into sectors as the spacecraft rotates. This sectoring can be slaved to a sun-
referenced pulse or to the spacecraft clock pulses via ground command., Typical
inflight operation of the instrument will yield 16 sun-referenced sectors. Hence
the angular distributions of electron and positive-ion intensities would be usually
telemetered for 7 x 16 = 112 directions.

The temporal resolution of the Quadrispherical LEPEDEAs for measurements
of various plasma parameters is dependent upon the spacecraft telemetry rates,
the energy passhand sequence, the sectoring mode and the specific parameter
of interest, Specific examples of plasma measurements and the corresponding
temporal resolutions are (electron and positive-ion intensities, separately
simultaneously): pitch-angle distribution at fixed energy, 250 ms; full coverage
of angular distributions at {ixed energy, 4 seconds; three-dimensional bulk
velocities of ions, 128 seconds; comprehensive (7056-sample) three-dimensi
distribution functions, 2356 seconds. The combination of operational modes,
hence the temporal resolution, is tailored by ground commands for specific
plasma regimes and phenomena,

and
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ALGORITHM FOR PROCESSING THE POOL DATA
FROM THE FRANK EXPERIMENT

GENERAL DESCRIPTION

The Quadrispherical LEPEDEA provided by the University of Iowa supplies two
measurements to the Data Pocl tape: (1) spin averaged proton number density,
designated PRODEN in the data pool format, and (2) spin averaged flux of elec~
trons E, ¥ 10keV, designated EFLX10. The data are obtained from detectors
measuring charged particle intensities perpendicular to the spin axis of the
spacecraft (71° < 0 < 109°) and are read out once per minor frame. All data
during a given energy step are averaged to obtain a spin averaged flux at that
energy.

The number density is obtained by numerically integrating the spin averaged
proton differential flux over the energies sampled by the instrument. Depending
on the instrumental operating mode this energy range is l1eV < Ep <50,000eV,
leV < E, < 200eV, or 200eV < Ep < 50,000eV, and is identified by the "energy
range flag' (designated FRANGE in the data pool format) values of 1, 2, or 3
respectively. The time required to obtain observations at all energies can be as
long as 1024 seconds and limits the temporal resolution of the proton number
density to that time period. The units of the number density are ions em)™?;
isotropy is assumed.

The spin averaged flux of electrons, E, ~ 10keV, is available whenever the in-
strumental operating mode includes that energy, i.e. whenever the "energy range
flag" is equal to 1 or 3. Depending on the instrumental mode the average is ob-
tained from 16 or 64 samples during a 4 or 16 second time period. The units of
the electron flux are electrons (c:m2 -sec-eV) ! ; isotropy is assumed.

At the high bit rate, data pool measurements for the Frank experiment are com-
puted over intervals of approximately 5 minutes. At low bit rate, the same
measurements are computed over intervals of approximately 20 minutes. The
data pool tape format specifies 12 time intervals for the Frank measurements.
At high bit rate, all 12 will be used. At low bit rate, only one of every 4 inter-
vals will be used, with the other 3 set to the negative fill code. The intervals
used at low bit rate are No.'s 1, 5, and 9. These represent 3 intervals of ap-
proximately 20 minutes each.

METHOD OF COMPUTATION OF DATA POOL QUANTITIES

The University of lowa Quadrispherical LEPEDEA (FRM) is to provide two quan-
tities for the data pool type, the spin averaged proton number density and the flux
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of 10keV electrons, and a flag (= 1, 2, or 3) indicating the energy range covered.
The following items in the telemetry stream are used in the algorithm: (a) words
15 and 63 of Analog Subcom 1 (word 58) provide experiment ON/OFF status,

(b) word 28 of the Digital Subcom (word 59) provides the instrument mode/
stepping sequence, (c¢) telemetry word 103 from frames 6 and 7 (modulo 8) pro-
vides the energy step number, (d) telemetry word 2 provides the electron data,
and (e) word 3 provides the proton data.

The spin averaged proton number density basically consists of a weighted sum
of the decompressed data from word 3 of every minor frame. To perform the
sum three vectors of 64 floating point numbers each are required. The first
vector consists of 64 constants to be supplied following final calibration of the
flight instrument. The second vector contains the sums of all data for each of
the 64 possible energy steps, and the third contains the number of samples com-~
prising each of the above sums for each of the energy steps. The energy step
number (0-63) associated with each datum (in word 3) is obtained from word 103
(see Appendix A), The conversion to decompressed counts is given in the at-
tached table., When decompressed data from a minimum of 4096 minor frames
have been accumulated the number density is computed as follows:

DENSITY = M B

e
H

=]

[

where

B =1 for low bit rate

= 4 for high bit rate

M = 1 for stepping sequences 1, 2, and 3

= 2 for stepping sequence 4 (see Appendix B)

1

C.

; = constant to be supplied for step i

i

A; = accumulated decompressed counts for step i

1

N; = number of samples for step i

Note that the arrays A; and N; must be cleared to zero before starting each ac-
: cumulation interval of 4096 minor frames.
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The spin averaged electron flux at E, ~ 10keV is obtained from telemetry word
2 as follows:

BC. R

5

FLUX = —

where

B =1 for low bit rate
= 4 for high bit rate

C. = constant to be supplied

R = accumulated decompressed counts for step 53 (provisional)

il

N = number of samples in R

Depending on telemetry mode, stepping sequence, and bit rate this energy step
will occur once every 512, 1024, 2048, 4096 minor frames, or, in stepping
sequence 2, it will not appear at all.

The energy range flag is determined by the stepping sequence obtained from
word 28 of the Digital Subcom (word 59).
Energy range flag = 1 for stepping sequences 1 and 4
= 2 for stepping sequence 2

= 3 for stepping sequence 3 (see Appendix B)

EXPERIMENT OFF/ON STATUS

word 15 of Analog Subcom 1 (word 58) contains the "A system'' power monitor
and word 63 of Analog Subcom 1 (word 58) contains the "B system'' power mon-
itor. For each monitor an analog voltage of 0. 00 volts is OFF and a voltage of
either 1.00, 2.00, 3.00, or 4.30 volts (£5%) is ON. TFor the purposes of this
algorithm a voltage greater than ~0. 50 volts may be considered "ON'".

System A must be ON for the algorithm to be valid. In addition, if either bit 6
or bit 14 of the housekeeping word described in Appendix A is "1'"" then "System

B! must also be ON.




APPENDIX A

DETERMINATION OF ENERGY STEP NUMBER

Construct one 16-bit binary number from word 103 of minor frame number 6
(modulo 8) and from word 103 of minor frame number 7 (modulo 8) as follows:

Word 103 Word 103
Minor Frame 6 (modulo 8) Minor Frame 7 (modulo 8)

BitNo. 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
B A
EGP

If bit 6 is zero (0) save counter A (bits 5-0) for subsequent operations. If bit 6
is one (1) save counter B (bits 13-8) for subsequent operations. Let us call this
resulting 6-bit binary number "'S'".

Next perform an "inclusive OR' operation of bit 7 (EGP) with the most significant
bit of S. Thus bit 7 will be "ORed" with bit 5 (if counter A was selected) or with
bit 13 (if counter B was selected). The resulting 6-bit binary number is the step
number, i, associated with the eight values of word 2 and of word 3 occurring in
minor frame numbers 0-7 modulo 8.
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APPENDIX B

DETERMINATION OF STEPPING SEQUENCE

The steppihg sequence is obtained from word 28 of the digital Subcom (word 59)
as follows:

Bit No. 7 6 5 4 3 2 1 0
Step Seq. TM Mode Step Seq. TM Mode
"B System Status" "A System Status'

If bit 14 in Appendix A is "'0" use the A stepping sequence. If bit 141in Appendix
A is 1" use the B stepping sequence, where

00 = stepping sequence 4
01 = stepping sequence 1

10 = stepping sequence 2

11 = stepping sequence 3




Table 1
ISEE LEPEDEA FRM/FRD

Conversion of Log Compressed 8 Bit Word
into Counts (19 Bit Equiv. )

Format
1st Bit 8th Bit
0 90 0 0 9 0o 0 o
M Y L M X L
S S S S
B B B B
Counts = (X + 16) 2N 11
exceptif Y=5; C=X+1
HfY=6andX=15; C=0
where N is listed below
Y N
0 0
1 11
2 10
3 1
4 12
5 -0
6 14
7 13
8 8
9 3
10 2
11 9
12 4
13 7
14 6
15 5
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ground via the special purpose analog transmitter so that de-
tailed high resolution frequency-time analyses of these sig-
nals can be performed., The signals will be transmitted to
the ground in one of 4 ground selectable spectrums selected
via CMD's 9 and 10 [P 94, P95]. See Figure 2.

(1) 650 Hz-40kHz baseband only.
(2) 650 Hz-10kHz baseband only.
3) 13.5kHz FM subcarrier only (1kHz BW),

(4) 650Hz-10kHz baseband and 13. 5kHz FM subcarrier
(1LkHz BW).

In addition a low level pilot carrier (F ) of 62.5kHz is
added to the output signal for constant monitoring of the

4 MHz Master Oscillator frequency. An automatic gain con-
trol is used to maintain a nearly constant signal strength into
the wide-band transmission link. Since this removes signal
strength information, the AGC gain voltages are included as
part of the science data. The broadband AGC receiver can
be commanded by CMD's 6, 7, and 8 [P91, 92, and 93] to one
of 8 frequency ranges as shown below:

Lower Freq. Lower Freq.
1 baseband 5 250kHz
2 31.2kHz 6 500 kHz
3 62. 5kHz 7 1 MHz
4 125kHz 8 2 MHz

The bandwidths are determined by the four selectable modes
listed at the top of this page.

(The frequencies include those used on the IMP-J Plasma
Wave Experiment.) The wide-band receiver can be switched
to any one of the 3 orthogonal electric antennas or the 7 axis
magnetometer,




1Il1. Experiment/Instrument Description - Gurnett Experiment

A. Brief Description

1. Antenna System

a. The plasma wave antenna system consists of three orthogonal
search coil type magnetic antennas and three electric field
antenna inputs, The electric antennas consist of the following: i

E, — (Heppner Antenna) Long Wire Dipole ~215 metfers tp-
to-tip. Preamp frequency range (5Hz-2 MHz}.

E, — (Mozer Antenna) Cable mounted spheres =30 m tip-to-
tip. Mozer will buffer the signal, inside his main elec-
tronics. Preamp frequency range (0-100kHz).

=61 cm inches inhoard

tip mounted triaxial search coils. The unit
allel to the spin plane when de-

from t
will be oriented pax
ployed. Preamp frequency range (5,6 Hz-100kHz).

The triaxial magnetic {ield sensors are mounted on the -x

axis boom tip =3 m from the spacecraft as shown in Figure

1. Each search coil consists of a high permeability core

40.64 cm long wound with approximately 5,000 turns of #40 cop-
per wire. The experiment can be connected by ground com-
mand to one electric field antenna and one of the search coils.

2 Electronics Instrumentation

A block diagram of the plasma wave instrumentation for ISEE A
is shown in Section III (B). A brief description of each block

follows.

a. Wide-band Receiver

The wide-band receiver is an important and essential
element of this experiment. The purpose of the wide-band e -
receiver is to transmit wide-band radio noise signals to the




Wave-Normal and Poynting Flux Analyzer

The wave-normal and Poynting flux analyzer consists of five
narrow-band receivers all tuned to the same frequency. The
relative phase of the signals in all five receivers is preserved
by using the same frequency conversion signal to each re-
ceiver. Each receiver channel produces two outputs which
correspond to the Cosine and Sine (or real and imaginary
parts) of the signal being detected by that channel. The Sine
output is obtained by shifting the Phase of the frequency con-
version signal by 90° relative to the frequency conversion
signal for the Cosine output. The ten Sine and Cosine outputs
from the five receivers are all sampled simultaneously and
held for transmission by sample and hold circuits.

The bandwidth of the individual receiver channels of the wave-
normal analyzer is 20 Hz and the center frequency can be tuned
to any one of the 32 frequencies from 100 Hz to 5kHz or can
be commanded to automatically sweep from 100 Hz to 5kHz in
32 logarithmic related steps at a 32 second/step rate. The
electric and magnetic field channels of the wave-normal ana-
lyzer each have an automatic gain control which maintains

the output amplitudes within the proper dynamic range. The
automatic gain control has 16 discrete gain settings and is
updated once every second. In addition there is a final gain
switch (gain of 8) that is activated just prior to the hold func-
tion of the sample hold,

Multi-Channel Spectrum Analyzers

Two multi-channel spectrum analyzers covering the frequency
range from 5Hz to 311kHz and 5Hz to 10kHz are used to de-
termine electric and magnetic field amplitudes. These spec-
trum analyzers have relatively coarse frequency resolution,
with four frequency channels per decade and bandwidths of
+157% up to the 10kHz channel and £7.5% 10kBz and above,

and very good time resolution (~0.1sec) to resolve spatial
and temporal variations of phenomena observed by the two
satellites. The inputs to the two spectrum analyzers can be
connected to various antennas via the antenna selection
switches shown in the block diagram. Normally one spectrum
analyzer is used for electric field measurements and the other
is used for magnetic field measurements. Each spectrum
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analyzer channel provides a 0 to 5 volt analog voltage pro-
portional to the logarithm of the signal strength in that chan-
nel with a 100dB dynamic range.

Narrow-Band Sweep Frequency Receiver

The narrow-band sweep frequency receiver is intended to
provide high resolution frequency spectrum measurements
of electric fields above the frequency range of the wide-band
receiver. The sweep frequency receiver has 32 frequency
steps in each of 4 bands covering the frequency range from
approximately 100 Hz to 400 kHz as shown below:

(1) 50 kHz-400 kHz
(2) 6.7 kHz-50 MHz
(3) 830Hz-6.7kHz
(4) 100 Hz-830 Hz

The primary scientific purpose of this receiver is to make
high frequency resolution measurements. Such measurements
can be used, for example, to obtain very accurate (1) elec-
tron density measurements within the magnetosphere from
the frequency of upper hybrid resonance noise. Power to the
SFR can be removed by a single ground command if required
to reduce experiment power consumption.

(Impedance Measurement)

The Z measurement function occurs 8m 32s when not inhibited
by serial command 6 [Z Measurement inhibit]. This function
lasts = 2 seconds |8 minor frames at low bit rate]. During
this time the Heppner Angennas (Ey) and the Triaxial search
coil inputs are stimulated at 30 Hz and = 970 Hz respectively,
The Heppner antenna is differentially driven at ~ 100 mV
RMS through a small, <10pf, capacitance and the magnetic

preamps via a calibration winding on each search coil.
Interface with other experiments

The GUM unit interfaces with two other experiments, MOM
and HEM.
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1) MOM

The E. electric field preamp output is buffered by Mozer
in his main electronics unit and supplied to the [GU-01]
main electronics unit. The signal is differential.

(2) HEM

Helliwell also uses the output of the Long E Antenna pre-
amps [GU-01}.

g. Rapid Sample

The Analog Output (prior to sample and hold) of one of 16
electric field spectrum analyzer channels is sampled at
equally spaced intervals at a rate of 2 times/minor frame.
The channels to be sampled can either be selected manually
via 4 serial command bits or stepped sequentially at 16 sec
intervals. The sequential advance resets to zero when com-
manded from lock mode (manual) to sweep (sequential).

h. DPU (Digital Processing Unit)

The majority of the GUM interface with the spacecrait is via
the DPU. This unit is furnished by GSFC but powered by the
GUM power converter. The DPU performs two main functions:

(1) Multiplexes the Science Analog Data and Digital Param-
eter converting them from parallel to serial outputs.
This function is described in the enclosed GUM Require-
ments for Digital Processing Unit.

(2) Protects the experiment from RFIL. Virtually every line
leaving or entering the main box must pass through a
filter feedthrough of ~1000pf. Many of the spacecraft
signals (clock line, pulses, serial commands, etc.) can-
not drive this capacitance. The DPU receives these lines
and processes them before they reach the experiment.




DESCRIPTION OF THE GUM DATA POOL TAPE ALGORITHM

INTRODUCTION

The GUM plasma wave experiment on ISEE A uses two identical frequency spec-
trum analyzers to perform on-board frequency spe Ltru m analysis of both elec~
tric and magnetic field waves in the earth's magnetosphere and the solar wind.
These spectrum analyzers provide coverage in the frequency range 5.6 Hz to
311 kHz in 20 f:;ii;{-,z channels (electric spectrum analyzer) and 3.6 Hz to 10kHz
in 14 filter channels (magnetic spectrum analyzer). The !—\}heuric spectrum ana-
tyzer will usually be connected to one of the three electric dipole antennas on
ISEE A, and the magnetic spectrum analyzer will usually be connected to one of
the three orthogonal search coil magnetometers. The antennas used are selected
by ground command. The spectrum analyzers are logarithmic detectors that
convert an input signal with a dynamic range of about 100 db into a dc¢ output volt-
age between 0 and 5 volts, which is subsequently sampled by the spacecraft encoder.

Two science data words will be included on the data pool tape from the GUM ex-
periment. These words consist of instantaneous samples from the 562 Hz filter
channele of the two frequency spectrum analyzers in the GUM experiment. These
words are identified in the algorithm by the notation E8 and MS8. In the data pool
format they are designated EF562 and MF562, respectively. In addition to the

cience :&u itis necessary to determine which of the six antennas is connected
to each of the spectrum analyzers. This information is given by the state of the
GUM digital parameters DP1-DP4.

LOCATION IN THE SPACECRAFT TELEMETRY

Designation Word 'f_‘i Minor Frame No.

E3 76 1,5, 8. .. 2353 (every 4 minor frames)

M8 12 2, 6, 10. . . 254 (every 4 minor frames)
DP1-DP4 79 11, 27, 43 . . . 251 (every 16 minor frames)
NOTE: All numbering conventions for frames, bits, etc. are per ISEE

Project Document [SEE-730-75-603, Telemetry Formats and
Telemetry List.

CODING OF WORD IN SPACECRAFT TELEMETRY

Designation Coding
E& and M8 8 bit binary word (256 level digital representation of 0-5
volt de analog output signal)
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50 KHZ - SER X
400 KHZ
PULSE POWER come
omp 5 ro
MD 5 ser SWEEP FREQ 6.7 KHZ - SER X
RECEIVER 50 KHZ M
100 HZ - 400 KHZ come
. . 32 FREC STEPS 830 HZ -
¢ ELEC N EACH OF _ B7KHZ come SFR X
ll . 4 BANDS
£ x (128 TOTAL} 100 HZ -
x - e TR L] LA : SER X
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- HOLD
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t 56HZ - 311 KHZ o5 Ee -
cMD 1,2
: 1
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CMD CMD CMD l_o F(REF) I L
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LI - AT = 8732 FROM BANDS SEL wB
INTERVALS N KHZ TO MIXER out
2MHZ F REF
1KHZ LoG w] Jveo
BPF comp ™1 3 13k
Z MEASUREMENT o=
INHIBIT COMMAND I *
sC6 l DECODER Cg’g” l )
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e
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Simplified Block Diagram, GUM - ISEE
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Designation Coding

Dp1 Binary Bit 7 of word 79
DP2 Binary Bit 6 of word 79
DP3 Binary Bit 5 of word 79
Dp4 Binary Bit 4 of word 79

CONVERSION SCIENTIFIC UNITS

The calibration of the spectrum analyzer filter channels is performed in two
steps. The first step requires conversion of E8 and M8 into the equivalent rms
differential voltage at the input of the experiment (the point at which the antenna
is connected to the GUM experiment). This conversion is performed with a
look-up table for each channel based on the instrument calibration. The actual
numbers in these tables are subject to change following spacecraft level systems

testing.

The second step of the conversion to scientific units requires the multiplication
of the input voltage by a constant factor. This constant factor is different for
each antenna. For the electric dipole antennas it is equal to the inverse of the
product of the effective antenna length and the square root of the noise bandwidth
of the filter channel. The antenna length may change as a function of time after
launch. For the search coil antenna it is determined from the measured sensi-
tivity of the search coil antenna divided by the square root of the noise band-
width. Because there are six different antennas on ISEE A, the proper constant
must be selected by monitoring DP1-DP4. These digital parameters identify the
antenna that is connected to each spectrum analyzer. The following table shows
the antenna configuration for each state of DP1-DP4,

E8 Antenna Configuration
DP1 Dp2 (Electric Spectrum Analyzer)

0 0 EX
1 0 EY
0 1 ES
1 1 BZ
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M8 Antenna Configuration
DP3 DP4 (Magnetic Spectrum Analyzer)
0 0 EX
1 0 BX
0 1 BY
1 1 BZ

In addition to the parameters given above, the encoder calibration voltages must .
be checked in order to verify that the 256 digitizing levels correspond tw the

proper 0-5 volt de analog input to the encoder. If the encoder calibration changes

with time. it may be necessary to change the look-up tables to compensate for

changes in the encoder.

PRELIMINARY REMARKS

The conversion described here will give measurements of electric field spectral
density in units of volts meters Hz~" and magnetic field spectral density in units
of gamma’ Hz~!. These calculations are made with the assumption that the
effective electric antenna length is equal to one-half the tip-to-tip length for the
long wire antenna and equal to the sphere separation for the spherical antennas.
Corrvections due to antenna impedance are not performed. For some types of
wave phenumena these criteria may be violated, and, because the task of making
such corrections is interpretive in nature, it is left to the user to supply these
corrections if needed.

In addition, the spectral density calculations are performed with the assumption
that the wave phenomena are of greater bandwidth than the bandwidth of the filter
channels (+:15%). For some types of wave phenomena this assumption will be
invalid; however, it is not possible to make this determination in a routine fash-
ion from the spectrum analyzer data.
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ALGORITHM FOR THE DATA FLAG
FROM THE HARVEY EXPERIMENT

The floating point word will be written on to the ISEE A data pool tape every
64 s, to indicate thz activity of the HAM experiments during the corresponding
64 s block of data. The word is designated HASTAT in the data pool format.

DESCRIPTION OF WORD

This word will be the floating point conversion of an integer in the range
0 < N=< 210

The ten bits in this word will be split up into three groups, as follows:

by by by bbb, by b, b by

The two most significant bits are derived from the other eight bits, and have the
following significance:

by = 0 if the sounder transmitter has not been active at any time during the
64 s of data being processed

b, = 1 otherwise
by > same thing for propagation experiment transmitter

The remaining eight bits are used to localize the transmission activity if either
by or by are not zero.

b ; = 0 if the sounder has not been active at any time during the period
161 <t <16 (i ~ 1) seconds, measured from the start of the 64 s

interval

4 +

= 1 otherwise
b; — same thing for propagation experiment transmitter

Thus by aad by are given by

by =1if b, +bg +b, +b, > 0

= () otherwise
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bg=1ifby +b, +b, +hy >0

0 otherwise

If ever this word cannot be evaluated owing (for example), to a telemetry drop-
out, N will be assigned a negative value.

For many purposes the following simple tests will be adequate
if N < 511 the sounder transmitter has not been active
if N < 255 neither the sounder nor the propagation transmitters have been
active
.ALGORITHM TO EVALUATE WORD
The word is derived from the six-level HAM signal in step 39 of analog Subcom 1
(word 58). This word indicates, once per sequence of 64 minor frames, whether
the sounder nor the propagation experiment has been active during the current
sequence, as follows:
V < 0,44 HAM experiments OFF
0.44 < V < 1. 28 Propagation OFF, sounder passive (receiver only)
1.28 < V < 2. 04 Propagation ON, sounder OFF
2.04 < V < 2,82 Propagation ON, sounder passive
2.82 < V < 4.01 Propagation OFF, sounder active (receiver + transmitter)
4.01 <V Propagation ON, sounder active
In low bit-rate each 64 minor frame sequence takes 16 s, and therefore can be

used for determining b; and b; ,, directly. In high bit-rate data compression
by a factor of 4 is to be effected by ""OR"ing the bits four at a time,

DESCRIPTION OF THE QUASI-STATIC ELECTRIC FIELD EXPERIMENT

SUMMARY

The description of the Quasi-DC Electric Field Experiment (MOM) on the ISEE A
spacecraft is divided into two sections. The first, included here, describes the
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analog circuitry and gives an indication of the operation of the experiment. The
second, given in the appendix to the MOM ERD, lists the capabilities of the
digital control processor which performs all experiment control functions and
interfaces with the ISEE A spacecraft. The references to Section 2 in the fol-
lowing description refer to the appendix of the MOM ERD. For a description of
the ISEE A telemetry format and interface, refer to GSFC document nunmber
ISEE-733-74-001, "International Sun-Earth Explorer-A/C Electrical Interface
Specification, Revision B," 20 March 1976.

1. Description of the Analog Circuitry

The MOM experiment is designed to measure de and low frequency electric
fields in the magnetosphere. This is accomplished by measuring the potential
difference between two conducting spherical probes, each of which is connected
to the S/C by about 40 meters of cable, and which are stabilized by centrifugal
force. The surface of each sphere is connected to a high input impedance unity
gain preamplifier which is inside the sphere, and this signal is transmitted to
the MOM electronics package in the S/C. The preamplifier band width is about
200kHz, and the differential signal dynamic range is +16 volts. The two pre-
amplifiers are operated from a common +12 volt power supply, the common
terminal of which is floating with respect to the experiment signal ground. The
voltages on the spheres, which are called V, and V,, are averaged and this sig-
nal is used to drive a unity gain amplifier which operates from a +50 volt supply
fixed with respect to the experiment ground, which drives the common terminal
of the floating preamplifier supply. This circuit allows the common mode voltage
of V, and V, to be plus or minus 50 volts with respect to the spacecraft. To re-
duce power consumption, the band width of the signal which drives the power
supply is limited to 100 Hz. The effect of this is that the differential mode dy-
namic range of the preamplifiers is reduced as the slewing rate and amplitude
of any common mode signal present is increased.

These voltages V , and V,, referenced to the experiment signal ground (which is
essentially the S/C skin potential), are each multiplied by 0. 07115 and called

Vis and V,g respectively, V 1s and V,g are two of sixteen voltages in the MOM
experiment which can be addressed by an analog multiplexer, digitized to 12 hit
accuracy and transferred to the S/C telemetry system as digital data, This op-
eration is under the control of the digital processor, and is described in Section
2.3. The overall block diagram of the MOM experiment is shown in Figure 1,1,

The sphere voltages V; and V, are connécted to a high accuracy dc coupled dif-
ferential amplifier with a gain of 0.3122, which is called V,,; and is another of
the voltages which can be digitized and telemetered. V 1oL is amplified by a
factor of -50.11 to become V,;y. The output of the differential amplifier is also
connected to the input of a 6 pole high pass filter which has its -3 dB point at 1.5
Hz. This filter greatly reduces the signal at the spin rate and so allows further
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5. The filter has a fixed gain of 30 and its output is connected

bank of 3§ bandpass filters with center frequencies at 6 Hz, 32 Hz,

and 256 Hz. h of these filters congists of a 2 pole bandpass function followed
rithmic amplifier, a full wave rectifier, and an integrator. The Q of
the bandpass filters is 0.4, This value is chosen to make the overall response
of the filter bank constant in the {requency range from 4Hz to 256 Hz; i.e., the
filter band widths are made sufficiently large that there is no loss of signals
with freqiencies between the center frequencies of the filters. The result of
this is to provide for each of the 3 frequency ranges a voltage which is propor-
tional to the logarithm of the power in that frequency range. These voltages are
called Vg, Vy,, and V¢,, which correspond to the 4, 32, and 256 Hz filters re-
spectively. The output of the filter which suppresses the spin rate signal is also
connected to an amplifier in which setting 2 latching relays selects one of 4 pos-
sible gains. These gains, referred to V,, =V, - V;, are: 10, 80, 640, and
5120 to within a measuring accuracy of 3%. The output of this circuit is con-
nected to an anti-aliasing filter, which is a 2 pole low pass 1dB Chebychev, the
upper 3 dB frequency of which is either 50 Hz or 800 Hz, depending on the setting
of a latching delay. The output of this circuit is called V.. The Vi, . cir-
cuit is used to collect short bursts of AC data in a manner which is described in

Section 2. 8.

The MOM antennas are also used by the AC experimenters, HAM and GUM, to
detect AC electric fields, This is the reason that the preamplifier response ex-
tends to 200kHz. The interface between MOM and HAM and GUM consists of a
pair of LLM110 voltage followers which are AC coupled to V, and V, with a 50 Hz
roll-off, The output of each voltage follower is connected to a pair of 100 ohm
resistors in a series with 0. 068 microfarad capacitors, one of which drives a
coaxial cable connected to the HAM experiment, and the other a coaxial cable
connected to the GUM experiment.

The cable which supports the MOM spheres consists of a number of wires which
supply various voltages to the preamplifier surrounded by a stainless steel braid
which acts both as an electrically conducting outer shield, and as the mechanical
member which supports the centrifugal force load of the probes. The outer shield
is broken electrically at a connector which is one meter from the sensor sphere.
The section closest to the sphere, which is called the guard section, is normally
electrically connected to the preamplifier output so as to force its potential to be
equal to that of the sphere and thus minimize the perturbing effect of the cable on
the plasma. To guard against the possibility of oscillations being set up by this
arrangement due to resonances in the plasma, it is possible to insert a low pass
RC filter with 100 Hz roll-off between the preamnvlifier and the guard section, by
actuating a ground command latching relay in the sphere. The remainder of the
outer shield is shared by the MOM and HAM experiments. About 90% of the time
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tis controlled by the MOM experiment in a simi

important capability of the MOM experiment is th

ensor spheres. The impedance between the sphere and the plasma is &
non-linear function of the current flowing between them and in fact exhibits a
rather strong minimum for some optimum value of bias current which depends
on the plasma conditions. Thus, the accuracy of the electric field measurement
can be maximized by applying the optimum value of bias current to the sensor
spheres. The analog circuitry which accomplishes this consists of an 8 bit DAC
which floats with the preamplifier supply, connected to the appropriate amplifiers
so as to produce a voltage which can vary from +36, 00 volts to -35.78 volts,
fixed with respect to the preamplifier output. This voltage is connected to the
sensor sphere through a 2 x 10® ohm resistor which is inside the sphere, A
ground commanded latching relay inside the sphere, in series with the resistor,
gives the option of disabling this circuit. The DAC is driven by the digital con-
trol circuitry through a set of logic translators. Thus, the digital control cir-
cuitry can program a bias current to the spheres which ranges from +1.8 x 10~/
amperes to -1.79 x 107 amperes, in 256 linear steps. The value of the bias
current can be either set by ground command, or set to an optimum value de-
termined by the digital control circuitry using the algorithm described in Sec-
tion 2. 9.

Two electron guns under the control of the MOM experimant are used to control
the ISEE A S/C potential, This is desirable for two reasons. During plasma
conditions in which the hot electron current exceeds the emission due to the
photoelectric effect, the S/C will charge to large negative potentials, much ex-
ceeding the 50 volt common mode range of the preamplifiers, and thus preventing
any electric field measurems=nt entirely. The emission of a beam from the elec-
tron guns will raise the S/C potential, so that the guns may be used to maintain
the S/C potential near the plasma potential. Even when the S/C floats positive
or only slightly negative, the guns are useful because by raising the S/C poten-
tial, the asymmetric cloud of photoelectroas which exists in the vicinity of the
S/C can be collapsed, and thus its effect in perturbing the electric field meas-
urement minimized.

Figure 1.2 is a schematic representation of the electron gun and its associated
control circuitry. There are four voltages which control the operation of the
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gun: Vi, Vi, V,, and Ve.o Vi, the heater voltage, can be set independently
for each gun, to one of eight values (one of which is zero) which are selected by
ground command and stored in the RAM. This allows compensation for reduced
emission efficiency as the filaments age. The desired voltage is generated by
setting 3 latching relays which select the appropriate tap on a special winding
of the power converter transformer. When a gun is turned on (see Section 2.1
command 7) V, is first set to the lowest value, then increased one step every

8 seconds until the value stored in the RAM is reached. This algorithm, which
is performed by the digital control processor, is intended to minimize thermal
stresses on the filament. The highest filament voltage is used to reactivate the
emitting surface, should that be necessary after the satellite is in orbit.

Vi is the potential between the gun cathodes and the S/C skin. It is generated
by amplifying the output voltage of a DAC which is driven by the control proces-
Sor so as to obtain a voltage which can vary between +8 and -45 volts. V,, a
focusing voltage which defines the electron beam energy at the point where it
emerges from the gun is similarly obtained, and can vary from 0 to +48 volts.
The voltages V, and V A are the same for both guns, and are set to fixed values
by ground command.

V¢ is the control grid voltage which regulates the gun beam current. Valuss
from -50 to +6 volts for Vi cause the gun current to vary batween 0 and its
maximum value. The gun current is regulated by a feedback control system
with a logarithmic response such that an 8 bit digital input from the control
processor programs a gun current which varies between 0. 05 and 500 micro-
amperes. The beam current may be set either to a fixed value determined by
ground command, or to a value calculated by the control processor using the
algorithm described in Section 2.9 which is intended to optimize the S/C
potential,

A final analog circuit is used to give an indication of the S/C altitude. This is
desirable because the algorithms described in Section 2 which automatically set
the sphere bias currents, electron gun currents, shield voltages, and the AGC
operation, must be modified at low altitudes where the particle densities, mag-
netic field, and S/C velocity become higher. The circuit consists of a bandpass
filter with band width of 109 tuned to the spin frequency, the input of which is
Vi1, followed by a full wave rectifier, and an integrator with a time constant
of 30 seconds. The output of the integrator is called Vy x g+ The gain of the
circuit is such that the dc voltage V,, , ; is 0. 505 times the amplitude of V,,.
It is proportional to the average value of the magnitude of the electric field
present. Since at low altitudes the largest contribution to this field is that due
to the V x B term (the cross product of the S/C velocity with the local magnetic
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creasing altitude, the voltage V, , ; can be used to indicate when the 5/C is at
low altitudes. In addition to being used to turn off the electron guns, sphere hias
currents, shield voltages, and modify the AGC algorithm at low altitudes, v Voxn

is used at high altitude to offset the shield voltages with respect to their preamp-
lifier outputs (see Section 2.1 command 11).

field), and since both the S/C velocity and the magnetic field increase with de-
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ALGORITHM FOR THE POOL DATA FROM
THE MOZER EXPERIMENT

The status of the Mozar electron guns is given o1 the data pool tape every 64
seconds. This status word is designated MOSTAT in the data pool format, and
is interpreted as follows:

MOSTAT = 0., if Mozer electron guns were OFF throughout the entire 64
seconds.

MOSTAT = 7., if Mozer electron guns were ON at any time during the 64
seconds.

MOSTAT < 0., if insufficient data.

At low bit rate, the Mozer indicator can only be computed once every 128 sec-
onds. Since the data pool format provides for 64 second intervals regardless of
bit rate, the Mozer indicators will each be written 2 times when in low bit rate.

The electron gun status is derived from the telemetry data as follows:

One or both electron guns are turned ON if the Goddard Project Relay is
closed (it will normally be closed), and the following logical expression is
true:

(Bl()l A B94)’A‘ (3123 v Buz v B121 v an VB114 \/8113)

Where A signifies a logical AND, and V is a logical OR.
The description of the MOM digital subcommutator is contained in the document,
A Description of the Quasi-static Electric Field Expzriment (MOM) for the

ISEE A Satellite,” which is included as Appendix I of the MOM ERD.

Principal Investigator:
D. Hovestadt

Max Planck Institute

OBJECTIVES

To measure low energy charged particles in the earth’s vicinity.




DESCRIPTION

The instrument, carried on the Mother spacecraft only, consists of two sensors
and associated electronics:

e An Ultra Low Energy nuclear charge (Z), total energy (E), and ionic
charge (Q) assembly (ULEZEQ); this sensor consists of two physically
separated units.

e An Ultra Low Energy Wide Angle Telescope designated ULEWAT.

THE ULEZEQ SENSOR

Charged particles entering the large area (200 cm?) collimators, are electro-
statically deflected in four different deflection systems, with deflection voltages
and spacings of the deflection plates to cover the energy range 3 keV/charge to
2MeV/charge. The total energy of the particles is measured by 7 silicon de-
tectors. The positions of the 1. and M detectors determine the particle deflec~
tion, while the deflection in the MP and H channels are measured by position
sensitive solid state detectors. The deflection voltages are: -600 to 1800V in
32 steps for the L, +3kV for the M, +20kV for the H, -12kV and +3 kV for the
MP section.

The L, MP and M detectors are backed by solid state detector anticoincidence
detectors.

In a range from 200keV/charge to 2 MeV /charge, a thin window proportional
counter in front of a position-sensitive silicon detector serve as a dE/dx-E
device for the additional determination of the nuclear charge of the deflected
particles, This detector system is able, therefore, to determine simultanecusly
the nuclear charge (Z), the total energy (E), and the ionic charge (Q). The view
direction of ULEZEQ is perpendicular to the spin axis with the long edge of the
collimator along the spin axis.

THE ULEWAT SENSOR

Two position sensitive multiwire proportional counters pes 1 and pos 2 deter-
mine the geometrical factor of ~1 cm? ster. Two proportional counters P, and
P, for double dE/dx measurement are placed in between the multiwire counters.
The residual energy of the incoming particles is determined with two solid state
detectors D1 (200u thick) and D2 (2000u thick).
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THE GAS SYSTEM

All three proportional counters (P1 and P2 of ULEWAT and PC of ULEZEQ) use
a gas supply system similar to the cne now being used for the ULET telescope
of the University of Maryland IMP-H/-J experiment.

The function of the gas system is to actively stabilize the gas density (isobutane)
to within 0. 5 percent. (The operating gas pressure is 35 torr at 23°C.)

A small jonization chamber with a built-in A4l -60uc source produces a cur-
rent related to the gas density. This current is sensed by appropriate electronics
and converted to signals controlling a low power thermal valve which transmits
the gas from a tank containing about 100g of liquefied isobutane to the propor-
tional counters.

For redundancy, the ULEWAT counters and the PC counter of ULEZEQ will have
separate gas control and valve systems.
DATA POOL QUANTITIES FROM THE HOVESTADT EXPERIMENT

The HOM experimeanters will provide 5 rate channels for the data pool tape. All

5 rates are from the ULEWAT sensor of tﬁi HOM experiment, They are accuii-
ulated continuously over the S/C spin and will be included on the tape approxi-

mately every 15 minutes. The rates are coincidence rates and require up to 7
logic conditions. The detectors included in the event selection logic of each rate
are listed in Column 3 of Table I. The response of all 5 rates in nuclear charge,
energy and direction is summarized in Table I, and a schematic cross-section
of the ULEWAT sensor is given in Figure 1.




")

@ corresponds to the 4096bps bit rate of the S/

‘he ~15 minutes averaging ti

uring high speed mode (16384bps) the averaging time is ~15min/4. For the

roper use of the data some notes should be recognized.

D
(1) The ULEWAT sensor will be switched OFF inside the earth's magnsato-
sphere. Therefore, there will be no data from the HOM experiment
during these time periods on the data pool tape.
{2) 1t is possible to change the response of the sensor by ground command

{in case of detector noise, etc.). If this will be the case an updated
version of Table I will be provided for all who get the data pool tapes
or plots from the project.
(3) The rates do not include dead time corrections. The proper corrections
for rates >5,10% cts/sec will be provided later.
The rate ID's shown in Column 1 of Table 1 correspond to the data pocl tape

format as follows:

Rate ID Pool Tape Designator
LP PROLP
LA ALFLA
MH HEAVYS
HP1 PROHP1
HP2 PROHP2
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Principal investigator: C. T. Russell
Space Science Center
Institute of Geophysics & Planetary Physics
University of California
Los Angeles, California 90024
213-825-3188

Co-Investigators: E. W. Greenstadt
P. C. Hedgecock
M. G. Kivelson
R. L. McPherron

The ISEE fluxgate magnetometers are designed to measure both the static and
time-varying magnetic fields with identical instrumentation on hoth the Mother
and Daughter spacecraft. Among the phencmena to be studied are: solar wind
discontinuities, waves upstream from the bow shock, the structure of the bow
shock, magnetoshzath structure, the magnetopause, magnetospheric wave par-
ticle interactions, plasma sheet dynamics, and magnetospheric substorms. The
measurements will be correlated both with spacecraft within the magnetosphere
(e.g., GEOS) and without. The magnetometer is also a service instrumsant pro-
viding on-board magnetic sectoring to energetic particle experimeants, pitch angle
measuremzants and V x B measurements for the electric field experiment.

Three Naval Ordnance Laboratory ring core sensors in an orthogonal triad are
enclosed in a flipper mechanism at the end of the magnetometer boom. with the
main electronics unit on the main body of the spacecraft at the foot of the boom.
The basic magnetometers are capable of measuring fields in two commandable
ranges of #8192 v and +256 v to an accuracy of 0.025% (equivalent to one part

in 213). The data are digitized within the instrument by a 12-bit analog to digital
coaverter which is accurate to one-quarter of the least significant bit. The ana-
log data from esach magnetometer axis is continuously sampled at the rate of 512
times per second and averaged in a digital averaging circuit by adding and right
shifting to obtain samples which are accurately averaged to 16-bits for read-out.
The 16-bit read-out reduces quantization noise to insignificant values even in the
guietest fieids.

Averaging is also a filtering function. Thus, the rate at which data is shifted
out of the averaging register automatically controls the effective filtering to re-
strict the handwidth of the data and reduce aliasing. Six averaging registers,
two for each axis, are used to provide overlapped averages which results in the

62




~
LY

g an exact zerc at the Nyguist frequency fo
In fact the transfer function of all three sensors is identical for all

ges and data rates when referenced to the Nyquist filter,
; e nodes, termed double precision and single precision.
In the double precision mode the entire 16-- biib are transferred from the output
butfer to the spacecraft in two successive 8-bit words resulting in sample rates
{‘f 4 and 16 samples per second at the low and high telemetry rates respectively,

In the single precision mode any 8 adjacent bits of the averdomg register may be
selected for transmission. This gives a sample rate twice as fast as the double
- precision rate.
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ALGORITHM FOR PROCESSING THE POOL DATA
FROM THE RUSSELL EXPERIMENT

INTRODUCTION

This algorithm produces a vector measure of the magnetic field at a rate of 1
sample every 64 seconds, in spacecraft coordinates, from the output of the
Mother (ISEE A) fluxgate magnetometer. Vector components are designated Bp,
Bx, and By in the data pool format. In addition a number of quantities useful in
the interpretation of the data are produced with one hour sample periods.

TECHNIQUE

The raw telemetry is decoded to form four times every second one 3 component
vector with either 16 or 8 bits per component if the instrument is in double pre-
cision or single precision modes, respectively. The output from =ach of the

~ three sensors are averaged and multiplied by sine and cosine wt where w = 2n/
spin period and averaged over 64 seconds. The sine and cosine weighted output
from the fixed sensor in the spin plane (sensor 1) is used to measure the two
components of the magnetic field in the spin plane. Comparison of the sine and
cosine weighted outputs of the other two sensors with the former output tells
which of the other two sensors is along the spin axis. The average field along
the spin axis gives the third component of the field.

Hourly Quantities

1. Ay Average field of sensor 1

2. R,, Ratio of amplitude of signal at spin frequency on sensor 2 to
the amplitude on sensor 1.

3. R;, Ratic of amplitude of signal at spin frequency on sensor 3 to
the amplitude on sensor 1.

4, 85, Sine of phase angle between sensor 2 and sensor 1.

3. Cyy Cosine of phase angle between sensor 2 and sensor 1.

6. S3, Sine of phase angle between sensor 3 and sensor 1.

7. C3y Cosine of phase angle between sensor 3 and sensor 1.




8. A, Average field along spin axis.

9. T, Electronics Temperature
10. T, Sensor Temperature
11. FS Flipper state. 0 = flip right entire hour, 56 = flip left entire

hour. Intermediate values between 1 and 55 indicate flip has
occurred part way through hour.

12, AS Experiment analog status word.
13. AP Flipper power on.

14, MD-SD Mag delay minus sun delay.

15. SP Sun period

16. MP Mag period

17. SE Sun elevation

18. DS Digital status word, first sample of hour.
19. T Spin period assumed in analysis,

20. O, Sensor 1 offsets assumed.

21. O, Sensor 2 offsets assumed.

22. O, Sensor 3 offsets assumed.

23. RS, Sensor 1 scale factors assumed.

24, RS, Sensor 2 scale factors assumed.

25. RS, Sensor 3 scale factors assumed.
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by a command reprogrammable ¥ 6-bit random access memory which per-
mits 'az‘éy random selection of the miass-energy combinations to be covered,

4

This mzmory can be programmed for optimum coverage in each region of the
enviromnent covered dur ing each orbit.

o
&

ALGORITHM FOR PROCESSING THE POOL DATA
FROM THE PLASMA COMPOSITION EXPERIMENT

he total cold plasma ion density will be derived from the Lockheed Plasma Com~
position “ixperimen while the instrument is operating in a retarding potential
analyzer/ion mass spectrometer mode. In general, at least one of the two sansor
heads of the instrument will be operating in this mode within the earth's magneto-
sphere. Specifically, operation in this mode will begin in the vicinity of the mag-
netopause inbound and will continue through instrument saturation at the high
density levels of the inner plasmasphere. After perigee the instrument will be
again turned on for measurement of cold ion density from the inner plasmasphere

across the plasma trough to the vicinity of the magnetopause outbound.

The analysis routine begins with the data sorting required to identify and select
points taken in the direction of maximum flow and following this, makes a de-
termination of the relation between this maximum flow direction and the Space-
craft velocity vector. A detected difference between these two directions will
be assumed to b2 due to the presence of a significant bulk flow in the plasma.

The program then solves for density in the expression

Particle Count Rate = F(II N VS cos i

where
FTy Iz a temperature dependent geometric factor describing the fraction

- ambient ions which reach the detector

]
bty

f is the angle between the instrument normal direction and the direc-
tion of the maximum flow

T is the ion temperature
N is the ambient odd ion density (ions/cm?)

Ve is the velocity of incoming flow (taken to be the satellite velocity)
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The above analysis applies only to the routine "quick-look" calculations in the
data pool tape. This analysis is subject to uncertainties introduced by bulk
motion of the plasma relative to the spacecraft, spacecraft charging and particle
focusing effects caused by the spacecraft sheath in regions of large Debye length
{of the order of one meter or more). All of these uncertainties will be addressed
in the more detailed analysis which will be carried out using the full information
from the experiment's operation. The necessary inflexibility and automatic
nature of the "quick-look'" analysis does not allow these more involved portions
of the analysis to be accomplished.

To aid in the interpretation of the simplified data pool density, two flags based
on intermadiate calculations within the analysis routine will be provided along
with the density calculation. These will be set on indications of high ion tem-
peratures and on an indication of the presence of bulk flow in the cold plasma.

Specifically, the temperature flag will be set when estimates indicate the as-
sumption of short Debye lengths is violated and the bulk flow flag will be set
when the angle between the spacecraft velocity vector and the estimated direc-
tion of maximum flow becomes sufficiently large to violate the assumption that
the plasma ram velocity is equal to the spacecraft velocity.

In summary three quantities are provided - a number proportional to the cold
plasma density (E < 150eV), a flag indicating a deviation from cold ion tem-
peratures and an angle which indicates the presence of bulk flow in the cold
plasma. These three quantities have been designated PLADEN, PLATEM, and
PLANGL, respectively, in the data pool format.




III.  Experiment Description - Williams-Keppler

A, Brief Description

The major scientific objectives of this experiment are to identify and study
plasma instabilities responsible for acceleration, source, and loss mechanisms
and boundary and interface phenomana throughout the orbital range of the Mother-
Daughter pair. This includes studies of geomagnetic storms, substorms, and
aurora along with magnetopause, magnetosheath, bow shock, and near-earth
interplanetary phenomena. The use of two satellites is required for this initial
attempt to uniquely separate spatial and temporal variations. Mother-Daughter
observations over the planned separation distances of 100 to 5,000 km will allow
not only the determination of spatial gradients but also the propagation velocity
of these gradients as well as any differences of particle behavior across surfaces
such as the magnetopause or interplanetary shocks. Mezasurements of the azi-
muthal asymmetry in the pitch angle distribution over the energy range stated
above afford a unique determination of spatial gradients traveling with high
velocities even for spacecraft separations of 100 km.

These objectives will be accomplished by flying solid state detector systems on
both the Mother and Daughter spacecraft to measure detailed energy spectra and
angular distributions of protons in the energy range 20keV to 2 MeV and electrons
in the energy range 20keV to 1 MeV. In addition to the above, the Mother's in-
strument contains a solid state time-of-flight detector system to measure the
energy spectra and pitch angle distributions of alpha particles and heavy ions in
the energy range above 150keV per nucleon. The NOAA Space Environment
Laboratory is responsible for Mother instrument hardware and integration, and
the Max-Planck Institute for Aeronomy is responsible for Daughter instrument
hardware and integration.

Particle identification is accomplished through combinations of magnetic anal-
ysis, threshold discrimination and dE/dx by E coincidence techniques. Energy
analysis is provided by the detector-preamplifier combination and associated
electronics. Angular analysis is provided by a combination of satellite spin and
a scan platform on the Mother spacecraft and a combination of satelhte spin and
various detector orientations on the Daughter spacecraft.

The basic instrumentation consists of three separate analyzing configurations of
solid state detectors: (1) the proton telescope, (2) the electron spectrometer,
and (3) the heavy ion telescope. The proton telescope and the electron spectrom-
eter are mounted in the same physical structure and take advantage of a smgle
magnet assembly.
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ALGORITHM FOR PROCESSING THE POOL DAT A
FROM THE WILLIAMS-KEPPLER EXPERIMENT

A EXPERIMENT DESCRIPTION

The contriizition of the Medium Energy Particles Experiment (WIM) to the data
pool tape will consist of data derived from the electron/proton spectrometer on
the Mother spacecraft only and will exclude data from other parts of this experi-
ment. The experiment observes particles in the energy domain essentially from
201eV to 1 MeV for electrons and 20keV to 2.0 MeV for protons. The "proton”
ually sensitive to all positive ions with the same or slightly higher
TES ted by the passband. The use of the word "'proton” implies the ex-
pected major response but this mav not be true at all times or in all regions of

the magnetosphere.

The WIM data to be written on the data pool tape, however, will be particle flux
observations from two energy bands, nominally 32-50keV and 80-126keV for
both the elctrons and protons. The energy passhands and absolute intensity for
these chaniels will remain unchanged in either high or low bit rate operation
(elthough details of data handling will be somewhat different for the two bit
rates). The above energy ranges arc nominal and the exact values will be avail-
able after :he sensor calibration. Lu the data pool format, the low range meas-
urements are designated ELOW and PLOW, while the high range measurements
are designated EHIGH and PHIGH.

The primary purpose of this experiment is to investigate the energy spectra and
pitch angle distributions of electrons and protons in the energy ranges noted
above. To accomplish this objective the electron spectrometer and the proton
telescope are integrated into a single instrument which is mounted on a scan
platform and uses magnetic focusing to separate the two species onto their re-
spective detectors. A three-dimensional distribution function is obtained by
scanning the platform and attached instruments in a plane containing the space-
craft's spii axis as the spacecraft spins at a nominal rate of 20 rpm about an
axis that is nominally aligned with the ecliptic polar axis. The data are further
sectored a‘ either eight or sixteen sectors/spin depending on the current telem-
etry bit rate. Scanning may bz carried out in an automatic mode in which one
full cycle (up and down) is accomplished in 24 spins, or a manual mode in which
the scan piatform may be commanded to one of 14 discrete positions in 11.5°
steps with respect to the spacecraft spin (Z) axis. The scan limits the telescope
principal axis to 10° from the =zZ axis. A calibration position (15) is located 15°
from the Z axis on the inboard side of the spacecraft.
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In the high data rate the starting sector is eight in spins five and 17 and the last
sector is seven in spins six and 18.

As long as the spacecraft spin axis is maintained perpendicular to the ecliptic
plane, the sample recorded for the data pool tape is within +12° of the ecliptic.
The sensor has a conical field-of-view with a 5° half angle; therefore, all WIM
data samples oa the tape will represent particles incident on the detectors within
+17° of the ecliptic plane.

Since each spacecraft spin takes about three seconds, one full scan cycle will
take 72 seconds. In the five-minute data pool period approximately eight spins
in the nominal ecliptic plane will be averaged to obtain one data point/energy
band/particle species. If the data poo! period happens to begin or end with an
incompleted spin, meeting the other geometric conditions (i.e. in the ecliptic
plane), that data will not be accepted for the data pool tape.

If the scan platform is in the manual mode, the data is acceptable for the data
pool tape for certain discrete scan positions that correspond roughly with the
ecliptic. Position number seven is nominally in the ecliptic; however, position
numbers six and eight are also acceptable. The scan position is monitored at
all times and is used in the generation of data pool information.

The electron/proton spectrometer normally operates with both the electron and
proton detectors activated., However, itis possible for one or the other particle
detectors to be turned off in which case those data cells will be filled with nega-
tive fill code, signifying that the data is unavailable.
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The experiment may experience certain calibration periods, either in an auto-
matic or a commanded mode. The automatic calibration occurs aboui every 17
hours, during which period the data pool tape input is a negative number set.
Moreover, the commanded mode calibrations may not be automaticaliy deleted
by the algorithm and may contaminate the experiment output for about ten min-
utes. At present commanded calibrations are not part of any normal operation
sequence and will be used only when the experimenter is examining the experi-
ment progress using the real time data display. Unless serious probiems are
detected, the commanded calibration will probably be invoked on less than four
days a year. On these occasions, however, several commanded calibrations
may be required for which the appropriate records will be maintained.

In addition to the normal operational modes and the other qualifications as noted,
the users of the data pool tape are cautioned that electronic noise assuciated with
solid-state experiments is very dependent on the sensor temperature and the
amount of radiation damage incurred by the detectors. As the ISEE mission
enters its second year the data from hoth or either of the lowest energy chan-
nels (electrons and protons) could become badly contaminated by noise. The
same is also true if the seunsor operating temperature exceeds its design
specifications.

If any uncertainty concerning these matters should arise, please contuct the ex-
perimenter or his authorized representatives.
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