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1. INTRODUCTION:

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

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inventory information is now no longer maintained in the DSCs, but is now managed in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

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

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



2. ERRATA/CHANGE LOG:

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

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

Version Date Person Page Description of Change

01

02



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

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

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

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

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

b. Core Catalog Materials
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IMP-A
GM TUBE & ION CHAMBER COUNTS, DATA

B3-U4BA-USA

THIS DATA SET HAS BEEN RESTORED. THERE WERE ORIGINALLY TwO

7-TRACK, 800 BPI TAPES, WRITTEN IN BCD. THERE 1S ONE RESTORED TAPE,
WRITTEN IN EBCDIC. THE DR TAPE 1S A 3480 CARTRIDGE AND THE DS TAPE

IS 9-TRACK, 6250 BPI. THE ORIGINAL TAPES WERE CREATED ON AN I1BM 360
COMPUTER. THE DR AND DS NUMBER ALONG WITH THE CORRESPONDING D NUMBERS

AND TIME SPANS ARE AS FOLLOWS:

DR# DS# D# FILES TIME SPAN

DRO03337  DS003337 DO00077 1-1262 11/28/63 - 04/21/64
DO00078 1263-2177 02/23/64 - 03/26/65


http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=SPHE-00327
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EXPLORER 18 - ENERGETIC PARTICLES

63-046A-05A

Information on the time spans of the Tapes:

D-00077 & C-00029 (dupe)
D-00078 & C-00030 (dupe)

D-00077 has & start time of Nov. 27, 1963 and an end time of
May 30, 1964 on its tape label.

D-00078 has no start time or end time on its label.
Actual listings of the tapes show:

D-00077 Nov. 28, 1963 - April 21, 1964
D-00078 Feb. 23, 1964 - March 26, 1965

as the start and end times.

Launch data was Nov. 26, 1963 and significant data was obtained
until May 1965. Eleven minutes of data was obtained on May 10, 1965.
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14,
. DESCRIPTION OF THE DATA FORMAT ON MAGNETIC TAPES
. SUPPLIED TO THE NATIONAL SPACE SCIENCE DATA CENTER

The magnetic tapes submitted to the National Space Science Data
Center contain all the data from the University of California cxperi-
t.c ni8 on the IMP-1, Z and 3 spacecraft. They were generated by
siavwing many short data tapes received irom Goddard Space Flight
Ce iter on a few 2400 foot reels. The stacked tapes were written on
an iBM 360/40 system. They contain external BCD characters written
in 7 track mode in even parity at 800 char/in density,

The first file on each stacked tape is a one record file which
serves as zn index to that tape. The physical record (gap to gap) is
1032 cnaracters long and consists of 86 twelve character logical

records. There is one index entry for each of the GSFC short reels

. si.i«ed on the larger tape. The entrias are in the following format: .
Cha:s
-6 3SFC reel number
-9 Number of files contained on the GSFC rtape
-12 Blank
~ol.owing the inaex file is the st «ed expei. =~ c:ta copied {rom
t.iu. USFC reels, The data is in the samie file by . iormat as it

appeared on the original tapes exczpt that a 12-character field has been

presixed te cach record to identify it to UC programs using these tapes.

Th. .adiv.tual records are 1032 characters (including prefix field) and
rmati.a a8 follovra:

Chars

i-€ The GSFC reei aumber on which this record originally

. appeared :



i5.

_ 7-9 The file number within that GSFC reel
. 10-i2 The record number within the above file

13-1032 The experimental data in its original format (sce

separate tape format sheet)

The last filc on each of the GSFC tapecs is a oac record file
with the twelve character identification field (i.e.. Satellite No.,
Meonth, Day, etc.) set to nines. This file has alsc been copied onto
the stacked tape. Thus the [irst record of the following file on the
stacked tape will have a different GSFC rcel number and a file number
of | in the prefix field. Two end of file marks will follow the last
valid data file on the stacked tape.

The following is a description of the three non-numeric characters

which can occur in the data and their signilicance.

. i) "@" represents a system error
(2) ""z" represents missing data
(3) ":" represents loss of synchronization

The '@" and "='" symbols appear only in the data. The ":" can
appear anywhere in the sequence. Once a colon is present, no other
character but a colon can follow, As a rcsult the frame length com-
_.iaiion may be in error; however, the sequence count is correct and
may be used to {ill in missing time.

Time gaps appear as a result of the loss of synchronization or

.~ the absence of a signal in which case the "=" symbol is geaerated.
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IMP-l Stacked Data Tape Format

Tape

Chars
1-6
7-9

25-27
25-29
20=-31

32-36

Significance
Original GSFC reel number
File number within GSFC rcel

Record number within above file

Satellite number

Month of analog tape gcneration

Day of analog tape generation
Year of analog taps= generation

Station number

Analog tape number

Universal time -

Universal time -

Universal time -

Universal time -

hours
minutes

milliseconds

Sequence counter -

Frame time in seconds

Frame time in milliseconds

Sequence 1D

ET flag 1

Fl data - background counter

ET flag 2

F4 data - Beta counter

ET flag 3

F9 data - background counter if sequence
ID is different from 1. lon chamber read-

out if sequence ID equals ]

ET flag 4

Fl2 data - Beta counter

OA. data, AZANG

OA. data,

PS

OA. data, SPIN

- =

17.

Prefix field

ID field

- W —— — —

Data field




18,

Repeat items 10-28 seventeen times

Note It Items 19, 23 and 21, 25 are decimal integers representing

Note 2:

the counts from accumulators 5 and O respectively. The

raw count rates SR and BK’DR may be calculated as follows:

1 xB _ 4 x BKD
@ “35.36 -+ BKDp = Sy

where

8 = the value of item 21 or 25

"

BKD = the value of item 19 or item 23 when sequence 1D
is different from i
The lon Chamber rate is calculated as follows:

IC: e 32;'67. - IC
where

IC = the value of item 23 when sequence ID equals 1.

All rates are in pulses per second.

Items 26, 27, 28 are raw optical aspect data. Items 26 and
28 are given as decimal integers. Item 27 is given as an
octal integer. The spin period, polar solar angle and the
azmuthal angle may be found as follows:
A. Spin period (in seconds) = SPIN/200
B. Polar solar angle, B, (the spin axis, spacecraft, sun

angle) is found directly from Table II using the value

of item 27, PS.
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Azmuthal angle, #o. (the sun, spacecrait, optical

sensor angle) as a particular sequence is calculated

by:

where AZANGC is the value of item 26
SPIN is the value of item 28
Tq.n is the time of framec 4, chanacl 0
f(B) is the correction factor found from Table I

Tc,0 is the time of frame 0, channel 0.
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Figure (__1 )

CHARGED PARTICLE EXPERIMENT Page _1 of 1

BCD TAPE FORMAT

;SYmbol

Format

Description

1-6

7-8

9-11
12-13
14-15
16 -20
21
22-24
25
28
| 27-31
32
33-37
48
3943

| 44
45-49
50-53

| 54-55
& | 56-59

Sequence counter

Station pumber

Universal time - day
Universal time - hours
Universal time - minutes
Universal time - milliseconds
Frame time in seconds
Frame time in milliseconds

Sequence ID

ET1

F1 data - background counter
ET2

F4 data - Beta gounter

ET3

F9 data - background counter if Sequence ID is #1,
Ion chamber readout if Sequence ID =1,

ET4

F12 data counter

Azimuthal angle

Polar solar angle

Spin period

Blank

e S
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FOREWORD

This Data Users' Note is specifically designed to help potential
data users decide if they can make use of the data obtained in the
Explorer 18 (1963 46A) energetic particles experiment. Once a
data user decides that he requires the data, it will gerve as the
unifying element — the key — in the actual use of the data available
at the National Space Science Data Center (NSSDC). To achieve
these goals, the Note briefly describes the experiment, including the
instrumentation and measurements, the telemetry, and the opera-
tional experience. All available details are then provided on the
actual reduction techniques and format of recorded data. For those
desiring more details, names and addresses of the experimenters
are provided to facilitate airect contact. As a further ald, detailed
references (and bibliography) are also included. When available,
NASA accession numbers* are given. The primary purpose of these
references is to identify the sources containing complete informa-
tion concerning the subject under discussion. Most of these refer-
ences are physically available at NSSDC — those that are not are
readily obtainable.

Inquirles concerning the availability of data should be directed
to:

National Space Science Data Center
Goddard Space Flight Center
Greenbelt, Maryland 20771

Area Code 301 982-6695

*Fer example, N64-2243 is an accession number for an article reported in the Screntific and Techni-
cal Aerospace Reports (STAR), asd AG63-5921 refers 1o an enuay in thic Internanional Aercspace
Abatracta (JAA).
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EXPLORER 18 (1963 484)
ENERGETIC PARTICLES EXPERIMENT

BACKGROUND

The Explorer 18 (1983 46A) energetic particles experiment was designed by
researchers at the University of California to measure absolute fluxes of geo-
magnetically trapped particles and to continue the mapping of the outer boundary
of geomagnetic trapping over a certain range of sun-earth-satellite angles. This
experiment was one of seven (see Figure 1) carried aboard the Explorer 18 (1963

46A) satellite.
FIGURE 1
EXPLORER 18 EXPERIMENTS
No. Experiment Investigator{s) Affiliation
01 | Retarding Potential G. P. Serbu GSFC*
E. Maier GSFC*
02 | Magnetic Fields N. Ness GSFC*
03 | Solar and Galactic J. A, Simpson University of Chicago
Protons (Cosmic-Ray)| C. Y. Fan University of Chicago
G, Gloeckler University of Chicago
04 | Cosmic-Ray F. B. McDonald GSFC*
G. Ludwig GSF(C*
V. Balasubrahmanyan | GSFC*
T. L. Cline GSFC*
05 | Euergetic Particles K. A. Anderson ! University of California
H. K. Harris Unlversity of California
06 | Ames Plasma Probe J. H. Wolfe ARC**
R, W, Silva ARC**
07 | Plasma Probe H. S. Bridge MIT=**
A. Egidi MIT=*+ | -
A. Lazarus MIT*** |

*Goddard Space Flight Teoter.
**Ames Rosearch Center.
*=*Massachusetts lasticute of Technology.
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The Explorer 18 satellite, also known as IMP 1, was launched from Cape
Canaveral (Cape Kennedy), Florida, on November 27, 1963, at 0230 UT. The
satellite achieved an initial apogee of 197 616 km (geocentric) and a perigee
altitude of 192 km. IMP 1 had an initial period of ~ 93,5 hr, an inclination to
the earth's equator of 33.3 deg, and an eccentricity of 0.937. The spacecraft
was spin stabilized at an initial rate of 22,3 rpm with an initial satellite spin-
axis sun angle of 111 deg, measured by the spacecraft optical aspect sensor.!:2

EXPERIMENTERS

*K. A, Anderson - University of California
*H.K. Harris - University of California

EXPERIMENT

Instrumentation and Measurements

Three energetic particle detectors were used for this experiment - two
Geiger-Mueller tubes and an ionization chamber radiation monitor.

Two Lionel-Anton type 213 Geiger-Mueller tubes were used to detect {luxes
of electrons with energy > 45 key. One tube (GM1) was directed toward an
+008-in. gold foil designed to scatter electrons into the detector’s mica window.
The second tube (GM2) served as a background detector, Both tubes had a total
shielding of 3.09 gm/cm?, including epoxy, eccofoam, stainless steel, and
2.8 gm/cm? of copper. GM1 had a mica end window with & density thickness
of 1.7 £ .3 mg/em?, This shielding and the energy loss due to backsesttering
set the low-energy limit of 45 kev for electrons detected through the aperture,
The gold foil was directly accessible to the space environment through the
satellite skin. The acceptance cone for electrons was about 60 deg full angle
In order to enter the detector's mica window, particles had to be scattered
through the approximately 114-deg scatter angle, an occurrence which was
highly improbable for heavier particles., The arrangement was based on the
assumption that electrons over a wide energy range would scatter back into the
counter window with moderately high efficiency, and that protons would lose
most or all of their energy before traversing enough matter to undergo a large
angle scmerlng.l'3

The ionization chamber was a 3-in, diameter aluminum sphere filled with
Argon gas at a pressure of 7 atm. The chamber was used in confunction with

* Address: Space Sciences Laboratery, University of California, Betkeley, California, 24720, |




a Neher type clectrometer. Any radiation with suffictent energy to penetrate
the fonization chamber wall ionized the argon gas, and the negative charge
thereby formed was collected on the positively charged platinum-coated rod
in the center of the chamber, A tungsten fiber, located rear the base of the
collector rod, was attracted to the collector when the voltage between the
collector rod and the fiber reached a critical value V_. The accumulated
electric charge (negative) of the collector rod then lowed through the fiber,
yielding a pulse at the ionization chamber terminal, The charge per pulse for
a typical chamber is 3 x 107!° coulombs.

The ionization chamber had a shielding of 0.43 gm/cm? provided by the
aluminum wall of the chamber and 2 ¢m of eccofoam.3

Calibration. The effectiveness of the Geiger-Mueller detector (GM1) was
directly confirmed using a beam of 4-Mev protons from a cyclotron. Only an
upper limit to the efficiency for detecting protons either directly or indirectly
by X-ray excitation could be obtained. This upper limit was 0.1%. Additional
verification of the effectiveness of discrimination came from the fact that,
during the flight of Explorer 18, fluxes of low-energy protons were encountered
by other experiments using proton detectors, but at these times the electron
counter showed no observable increases in its directional scatter response,
The electron scatter efficiency was about 13 = 2% in the geometry employed
(although only 7% of the electrons which scattered from the gold foil actually
reached the active portion of the GM tube), and was constant over a wide range
of energy. This result was obtalned by means of a beta-ray spectrometer that
was used to make measurements with a variable-energy electron beam. The
device was thus a nonweighting spectrum integrator.l

The minimum electron energy to which the counter responded was deter-
mined by two factors. It was known from previous experiments that the Geiger-
tube window transmits electrons into the active volume with a 30% efficiency at
40 kev, The energy loss in the gold foil as the electron backscatters is 5 kev or
less for the lowest energy electron entering the counter based upon 2-particle
spectrometer measurements. The counter thus has a threshold energy of approx-
imately 45 kev. This counter could, therefore, be compared with type 213 counters
aboard satellites such as Explorers 12 and 14, The 5-kev difference in th reshold
is probably negligible, considering the errors present in determining geometry
factors and window thickness and in making dead-time corrections, 1

The absolute flux of electrons > 45 kev incident on the scatter geomatry is
given by
. _ & R
h * &R = & 1T-

1
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In this expression, the flux hias been assumed to be !sotropic over 4n ster. G
is the telescope factor of the opening from the gold foil into free space. The
numerical value is 2.5 x 10™? cm? ster. The quantity ¢ is the fraction of
electrons incident on the gold foil from the entrance geometry that reaches
the active volume of the Geiger tube; this fraction is 7 x 1072, R is the ap-
parent rate of the detector as determined from the accumulated counts in the
scalers. 7 is the dead time of the Geiger tube; its value is 100 usec. The
omnidirectional electron flux is thus

Jo = TO0OR, cm™? sec™!

One precaution is necessary. For counting rates less than about 10 sec™},
the cosmic~ray background rate must be subtracted before using the above con-
version factor. For the Geiger counter used in this experiment, the cosmic-ray
background rate varied from 0.9 sec™ early in the satellite's lifetime to about
1.4 sec”? during the more quiel solar periods.l

The calibration of the ionization chamber was based on the absorption of
energy in units of roentgens per hour. The dynamic range of a typical chamber
is 1072 pulses per second (2 mr/hr) to 7 pulses per second (approximately
100 r/hr), although its response to radiation begins to depart from linearity at
about 0.4 pulses per second {(approximately 1 r/hr). Absolute calibration of
pulse rate vs radiation level in roentgens per hour has been obtained with +2%
accuracy. A typical calibration curve is shown in Figure 2.3

Telemeiry

The Explorer 18 telemetry system used a hybrid, time-multiplexed, pulse-
frequency modulation (PFM) encoriing Lechnique. The basic telemetry format
consisted of 256 channels arranged 16 channels in a frame, with 16 frames in a
sequence. One sequence was required to sample all experiments and required
81.92 sec. The 256 channels making up a sequence were commutated samples
of data in the form of an audio freguency.4

Signal processing for both of the Geiger tubes was nearly identical, the
exception being an electronic switch in the GM2 channel. Outputs from the
detectors were fed to pulse shapers, which drove divide-by-four stages. The
divide-by-four stage output of GM1 was fed to a buffer stage, whereas the
divide-bv-four stage output of GM2 went first (0o an electreonic switch and then
to a buffer stage. The buffer stages provided transformer-isolated drive to

o ————
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the 215 accumulators (GM1 tc accumulator #6, GM2 to accumulator #5) in the
Explorer 18 encoder. These accumulators were read out twice per telemetry
sequence (every 40.96 sec) and were reset after each readuwit. The rcadeut of
each accumulator required 1.8 sec; No. 6 read out 15.36 sec after No. 5.

Synchronization (timing) information was fed to the experiment via four lines
to identify the 1.6-sec readout positions in the telemetry format of both accunmu-
lators, No. 5 and No. 6. The third line identified the first readout position of
No. 5 in each sequence, and the fourth line identi'ied the occurrence of sequence
4. From ihese four lines, the experiment derived the necessary timing informa-
tion to operste the two electronic switches and the clock.

In the Explorer 18 telemstry format, which was essentially composed of a
cycie of four equal time intervals called sequences (each equal to 81.92 sec),
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accumulators No. § and No. 6 were read out twice in each of the first three telem~
etry sequences. In sequence 4, these accumulators were not "seen" in the
telemetry, although they were still accumulating for each 40.96 = 1.6 = 39.36-s¢c
interval. The GM1 detector was thus "seen" by the No. 6 accumulator six times
every four sequences, or 39.36/40.96 x G/8 » 100% = 72.1% of real time. The
GM2 detector readout was similar to that of GM]1, the differences being that the
second readout position of accumulator No. 5 in sequence 1 was occupied by
ionization chamber information rather than GM2 count-rate data. GM2 was

thus "seen" by the No. 5 accumulator five times every four sequences, or
39.36/40.96 x 5/8 x 100% = 60.1% of real time.3

Because of the normally slow pulse rate of the fonization chamber informa-
tion, a 215 accumulator was incorporated for temporary storage of the lonization
chamber information., With this scheme, the probability of missing & random ion
chamber pulse was reduced to 1.6/327.68 x 100% = 0.49%, and the ion chamber
was "seen" during 326.08/327.65 x 100% = 99.5% of real time.3

Operational Experience

The apogee of Explorer 18 was lower than planned and continued to decrease
with time. Thus, on the 2ay following launch (November 28, 1963), the apogee
was measured at 197 615.8 km as compared with the nominal figure of 277 184 km.
By January 16, 1964, it had decreased tc 195 552.8 km. The experimenters were
of the opinion, however, that the accomplishment of the scientific mission was not
compromised by the lower apogee,2

The spacecrafl functioned satisfactorily until May 30, 1964, when it began
to turn off and turn on in a repetitive series, There was no further continuous
operation until November 12, 1964, when the station at Mojave acquired and
recordec the signal from Explorer 18 for about 6 hr. The satellite operated
approximately 90% of the time from then until Decembes 15, 1964. There were
only intermittent periods of operation thereafler. Eleven min of data were
obtained on May 10,-1965, and all altempts at further data acquisition were
abandoned,5

Both the Geiger counters and the ionization chamber performed satisfactorily
throughout the active lifetime of the satellite, which made about 100 passes
through the radiation zone.!
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DATA

Reduction Techniques

Data from this experiment weTe recorded on 37 data tapes, which GSFC
delivered to the University of California for reduction and analysis. These 37
tapes were stach.d to pererate two magnetic *apec rontaining ail of the experi-
mental data. The stacked tapes were woitien on an IBM 360 system and contain
BC‘I‘; characiers written on 2 T-track tape in even—-parity at a density of 300
bpt. -

Timespan of Data

Data from this experiment available at NSSDC cover the period of
November 27, 1963, to May 30, 1964.

Format of Available Data

The first file on each of the two stacked tapes is 2 one-record file that
serves as an index to that tape. Each of these physical records is 1032 charac-
ters long and consists of 56 tweive-character logical records. There is one
!nd:xsnn"s*forexchdtheGSFCstnnmlsMaedunthelugertape. Tape 1
contains 20 entries; tape 2 contains 17 entries. The remaining index entries are
blank. The entries are in the following format:

Characters Description

n+l-n+6 GSFC ree: number

n+T-n+9 Number of files contained on the GSFC tape
n+ 10-n+ 12 Blank

stenen=0,.-..19;mdn=0.....lﬁrespecﬁwly.

The stacked experiment data copied from the GSFC reeis follows the index
file. The data are in the same file-by-iile format as appeared on the original
tapes, except that a 12-character field has been prefixed to each record in order
to identify it to the University of California programs using these tapes. The
individual physical records are 1032 characters and include 24 characters for
prefix and identificatioa fields and 18 repetitions of 3 56-character data field.
The governing format for each physical record is given in Figure 3. The ET
flags are explained in the following paragraphs.




FIGURE 3
EXPLORER 18 STACKED DATA TAPE FORMAT

Tape
Item | Characters Significance
1 1-8 Original GSFC reel number
2 7-9 File number within GSFC reel Prefix field
3 10-12 Record number within above file
4 13-14 Satellite number
5 15-16 Month of analog tape generation
6 17-18 Day of analog tape generation ID field
7 19 Year of analog tape generation
8 20-21 Station number
9 22-24 Analog tape number
10 26-27 Universal time - day
11 28-29 Universal time - hours
12 30-31 Universal time - minutes
13 32-36 Universal time - milliseconds
14 37-41 Sequence counter
15 42 Frame time in seconds Data field
16 43-45 Frame time in milliseconds
17 46 Sequence ID
18 47 ET flag 1 sec page 12
19 48-52 F1 data - background counter®
20 53 ET flag 2 see page 12
21 54-58 F4 data - Beta counter*
22 59 ET flag 3 see page 12
| 23 6C-54 F9 data - background counter if sequence ID is different
from 1; ion chamber readout if sequence ID
equals 1*
24 65 ET flag 4 see page 12
25 66-70 F12 data - Beta counter*®
26 T1-74 Azimuthal angle (AZANG)**
27 75-76 Polar solar angle (PS)**
28 77=80 Spin period (SPIN)**
Then repeat items 10-28 for 17 more times.

* [tems 19, 23 and 21, 25 are decimal integers representing the counts {rom ac-
cumulators 5 and 6, respectively. The raw count rates 2, and BKD, may be
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FIGURE 3 (Cont'd)
where AZANG is the value of item 26.

SPIN is the value of item 28.
T4, 0 is the time of frame 4, channel 0.
f( B) is the correction factor found from Figure 4.

To, o is the time of frame 0, channel 0.

The last file on ecach of the GSFC tapes is a one-record file with the 12-
charac.er identification field (i.e., satellite number, month, day, etc.) set to
nines. This file has also been copied onto the stacked tape. Thus the [irst
record of the following file on the stacked tape will have a different GSFC reel
number and a file number of 1 in the prefix field. Two end-of-file (EOF) marks
will follow the last valid data file on the stacked tape.

The three non-numeric characters that can occur in the data, and their
significance, are as follows:

"@ ' represents a system error
=" pepresents missing data
" : " represents loss of synchronization

The "@" and "=" symbols appear only in the data; the ;' symbol can
appear anywhere in the sequence. Once a colon is present, no other character
but a colon can follow. As a result, the frame-length computation may be in
error; however, the sequence count is correct and may be used to fill in missing
time.

Time gaps appear as a result of the loss of synchronization or in the
absence of a signal, in which case the "="" symbol is generated.b

SIGNIFICANCE OF ET FLAGS

The following is a complete deseription of ET flags as presenied in refer-
ence 7 and refers to the processing the data underwent before being sent to the
experimenters.

Evcn ET FLAGS mean that all program checks were made. Odd ET FLAGS

mean that data were processed without some important checks, and the satellite
clock reading could be in error.
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OPTICAL ASPECT SENSOR CALIBRATION

FIGURE 4

IMP 1

PS PS
Octal (B) Octal (B)
40 0* 10 = o 18’
41 1* - 21 96° 10 1.52°
43 4° 42" - 23 99 10’ 1.54°
| 42 5 10 - | a8 99° 30’ 1.55° l
| 46 11°  o4! 17.25 | 26 105° 54" 1.55"
| 47 12° o 870" | 27 107° 50 1.65° |
45 17° 02 8.00° | 25 110°  59' 1.67°
L e 12 5.85° 24 113* 08’ 1.70° ‘
54 28* 52 5.45° 34 | 17" 56 1.76° |
55 24° 36’ A% |- 85 | 120 08 1.80° |
57 28° 53 $19" bty 123 01' | 195 |
56 29°  44° s48° | 8 | 124° 58 | 207 |
52 34° 42 342 | 32 | 129° 51 2.18° |
53 36° 16 29¢° | 33 132° 08" 2.40° |
51 40° 14 280° | S | 134 36 2.52° |
50 41° 40 2.60° | 30 5L e Al % ‘
70 46° 42 256 | 10 M1v e '} gast |
71 48° 36" S i 3 52 | sast |
73 52° 08" 0, R R - 146° 46' | 345°
e el e 4w b a2 WYs 2 .1 2y
16 | 58 50 196 | 16 152° 44' | 380
77 60° 26" | 188" | W 158° o0 | 472
75 64° 14' | R ) | - 158° 18" | 540" |
| 74 | 65 32 V8T 14 161° 16' | 5.95" |
| 64 | BN R Y Sem R 163° 36" 6.65
S R L AN | 1.85° | 05 168° 04' | 7.80°
se. 1. st | 1600 | o7 169° 44' | 10.1°
| 66 R R L 1.56° 06 173° o' | 11.60° |
Il 62 l 82° 56’ | 1.54° l 02 175 44 ] 16,60 |
| 63 { 84 30" | 1.50° 03 180° o' R E TS
61 | 8 14 | 1.50° 01 ' o)
60 90" 30" | 1.50° ‘ |
| 20 | | 1.50° | | e




ft should be noted that an ET FLAG of § means that everything is probably
good, and 4 means that, because of noise, NSFUDG was guessed. {(NSFUDG is
defined in the next section.) ET FLAGS will be even provided that the following

was done;

1. The analog line was continuously clLooked through the program and five
consecutive bad normal sequences never appear2d with line errors. If
random buffer (in the telemetry system) errors occurred, data for the
suspect {rame or frames In the sequence were "at" signal out.

2. CDNSFUDG was checked by means independent of most of the past history
of the satellite. NSFUDG is thus probably correct. (CDNSFUDG is de-
fined in the nexi section.)

3. The insert of station ID (DAY, MONTH, AND YEAR) by the analog line
operator was checked, and the day, meonth, and year were correct as
determined by the program.

One should thus be wary of odd ET FLAGS and have a high degree of con-
fidence in even ET FLAGS.

Some necessary definitions are as foilows:

NSFUDG = the five-character decimal number that the experimenter
receives to indicate the sequence count. This number goes from 60000 to
99999 in about 90 days. Each normal telemetry sequence will thus be tagged
with a unique number over a 3-mo perfod. The ET FLAG will indicate how
good this number is. If the flag is §, it means that this number is thought
to be excellent. If the flag is ODD, the number could be fine, but there is a
good possibility that it is incorrect.

RNS = the sequence rate in seconds for sequence. (The nominal value
is 81.92 sec/seq.) The program for the Master Data Tape (MDT) obtains
this value in two ways for each pass. Both values represent the integrated
value over the entire pass. The time that appears on the experimenter's
tape is obtained from the values of RNS and NSF UDG, and not from the
station time appearing on the analog tape. Thus it is extremely important
that the significance of the ET FLAG is understood because it directly
implies the quality of recorded time. The ET FLAG also gives valmable in-
formstion as lo the quality of the line operation and the data. If the flag is
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#. the line and satellite are working well and the signal is probably clean.

An ET FLAG of 1 means the same, but the time may be wrong; in fact, it

may be so wrong as to have the wrong year. i
1
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DNS = the decimal equivalent of the satellite clock value. No fudge
factors are involved in this number; its value covers the range of 00000 to
32767.

CNSNOW = the computed value of NS now. When the program initializes
a file using tho satellite clock CNSNOW = DNS, from this point on CNSNOW
Is incremented by "1" each sequence. Thus, if there are no "gaps" in the
data, CNSNOW should always equal DNS. In the presence of noise, when
DNS may not be obtalned, CNSNOW {s used to determine NSFUDG with an
ET FLAG of 4. Whenever CNSNOW # DNS, records are stored by the
program for 10 consecutive normal sequences, and a decision is made as
to what happened (e.g., there was a gap in the data; the satellitc went [nto
undervoitage, thus starting the sateilite clock off in a different place; the
odometer flipped; etc.). When this decision can be made, the program goes
back and makes the change (CNSNOW = DNS), and the process continues.

GOOD UPDATE: When CNSNOW = DNS

BAD UPDATE: When CNSNOW # DNS

CDNSFUDG = the value f=d into the computer by a ecard that gives the
fudge factor required to make NSFUDG (the 80~-day function) from DNS
(a 30-day function at best, e.g., If no undervoltages occur in the satellite).
It is emphasized that it {s most important to check CDNSFUDG independent
of most of the past history of the satellite,

BASIC EQUATION:

NSFUDG = DNS k + CNSNOW (1-k) + CDNSFUDG

where k = 1 If the signal is good enough to get DNS and if DNS = CNSNOW

(ET FIG=0or2)orlor3
k= @ if the signal is too noisy to obtain DNS or if the signal is clean but
DNS # CNSNOW (ET FLG=4,6,0r8)or 5, 7, or 8

ESTO: This is essentially a "filter" and is ihe heart of the program.
As soon as a bad update occurs [e.g., on ET FLAG of 6 {or 7) or 8 (or 9],
information is storel in the program while the MDT is produced, If a good
update does not occur in 10 consecutive ncrmal sequences (noise is not
counted as a good update, of course), it is assumed that ESTO's have oc-
curred; the program stops putting out the MDT and analyzes what happened
during the 10 ESTO's. The most likely event to occur is a "noise gap” in

13




which the analog line found six noisy sequeaces and stopped processing until
it could again obtain telemetry data synchronization. The program determines
that this has happened by a process of elimination. Fi st it checks that the
10 ESTO's make sense (are in order); if they do not, it reinitializes. Then

it determines that the mode did not change (if it is too noisy, it reinitializes).
Then it determines that the odometer did not flip (if it did, it computes a new
CDNSFUDG and continues). If none of the above occurred, it determines

that the satellite 4id not go into underveltage. (If it did go into undervoltage,
a process occurs in which new cards are punched.) During any of the re-
initializations, it is necessary to check for a code change. If the 10 ESTO's
are fairly clean, the odometer did not flip, and no satellite undervoltage oc-
curred, the program commences to close the noise gap. If it does this
correctly (i.e., the gap station time is equal to the gap by the satellite clock),
the program rewinds the tape to the first ESTO, computes a new CNSNOW,
and again starts Lo process.

The experiment will have the ET FLAG of 6 or 8 changed to a #.

The foregoing gives a qualitative indication of what the ET FLAG means.
To sum up, an odd ET FLAG means that the time may be wrong {incorrect
CDNSFUDG) and/or the MDT was made at the request of the analog line, without
checking for line errors.

An ET FLAG of # (or 1) means that the satellite is probably working cor-
rectly and that the signal is clean, since both clock readouts were clean and

equal to each other. In addition, there was a good update (DNS = CNSNOW) and
DNS was used to compute NSFUDG.

An ET FLAG of 2 (or 3) means that the satellite is probably workiug well,
but noise or line errors have perturbed one of the clock readings. The clock
reading that was clean, however, caused a good update (DNS = CNSNOW) and
DNS was used to compute NSFUDG.

An ET FLAG of 4 (or 5) means that both clock readings were perturbed by
noise or line errors so that the update could not be checked. It was necessary to
use CNSNOW to compute NSFUDG.

IMPORTANT NOTE: Any time an ET FLAG of 4 ocours and the first
non-4 following it is a @ or 2, the guess for NSFUDG was probably correct
for the 4. If the lirst non-4 [ollowing it is a 6, 8, or 9, something drastic
happened that the program could nol analyze, so that time for the sequences
with a 4 was probably incorrect. It is hoped that 4's will be followed by # or
2 most of the time because this means ihat the program successfully closed a

aps
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"uolse gap.” If the 4's are followed by a 9, it means that the program completely
gave up and reinitialized at the record with the ET FLAG of 9. If the 4's are
followed by a 6 or 8, the two most likely events are: (1) the end of the tape was
near so the program could not get 10 consecutive sequences with bad updates

and gave up, or (2) some mysterious event occurred that gave a bad update for

a few sequences and then straightened itself out again,

An ET FLAG of 6 (or 7) means that one of the clock readings was clean, but

it caused a bad update (DNSNOW # DNS). This would start ESTO, and NSFUDG
was computed from CNSNOW.

An ET FLAG of 8 (or 9) means that both of the clock readings were clean
and equal to each other; there was a bad update, however, since CNSNOW # DNS.
This event would start ESTO. After 10 ESTO's, the program can usually
determine what happened (ODOMETER FLIP OR NOISE GAP) and update
CNSNOW so that the experimenter will receive an ET FLAG of # because

the program had backspaced and closed the gup correctly. The ET FLAG will
signify that this occurred.5.7
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