NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
AMES RESEARCH CENTER
MOFFETT FIELD, CALIFORNIA 94035

atm oF.  PAF-2-37(244-8) August 2, 1972

Mr. Bonnard Teegarden

Code 61 Building 2 Room 23
Goddard Space Flight Center
Greenbelt, Maryland 20771

Subject: Redefinition of EDR Formats for File 3 and 4

Recently it has come to our attention that the spacecraft attitude
and pointing cata supplied in File 3 of your Experiment Data Record
(EDR) 1is not sufficient to resolve the reference-axis phase error
for computing your instrument sectoring. A detailed analysis
performed on the spacecraft data from launch to the first of

June has revealed that this problem is quite complex. The

analysis has revealed that a number of other parameters and status
bits must be checked in order to determine the type and extent of
correction that must be made. We recognize that each investigator has
different requirements for the accuracy required in the solution of
this problem. We, therefore, have attempted to carry the solution,
for at least those cases we have identified, down to the finest
detail. From this, it is your prerogative to select the depth

of detail you desire for the accuracy you require. The net effect
of this whole problem is that we have been forced to modify, to a
small extent, the format and content of the data in your EDR's for
File 3, which contains the spacecraft attitude data, and File 4,
which contains the science data from your instrument. The enclosed
package, therefore, is essentially broken down into two parts.

Trey are:

1.  The new File 3 format contains the spacecraft attitude
data along with an explanation of the parameters
contained therein. The essential diffcerence between
this format and the previous one is that we have deleted
the Celestial Latitude Drift of the spin axis and added
the clock angle of the sun (CKAH) and tha clock angle of
the star, Canopus {CKAS).

2. The new File 4 format contains a minor change wherein we
have inserted additionai information into a spare word in
the fixed words of the data record. These two pieces of
informaticn are:
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a. Bits 5 and 6 of engineering word C-431. These
two bits indicate whether the spacecraft is
‘operating from the star sensor, sun sensor A,
or sun sensor B. The configuration of bits are
interpreted as:

00 =~ Error
01 - Star.
10 - Sun B
11 -~ Sun A
b. Engineering words C—419 and C-420. These two
words together contain a 212 counter indicating

the star delay. The conversion of this counter
to an angular off-set is:

- C- °
Star Delay (degrees) = (Con;ggts ofsgiﬁ1ge§iod§20) 360

At the present time a review of the results of the detailed analysis,
which includes working equations for the solution of the reference-
axis phase error for computing your instrument look angles, is being
conducted. This information will be sent to you upon completion

of this review.

You will note that the items discussed above are marked as "draft".
We are sending this rough form to you in the interest of saving some
time; however, all of this information will eventually be published
in the appropriate sections of document PC-262, Pioneer F/G: Off-
Line Data Processing System.

I would 1ike to point out that on June 22, we ran the Acceptance Test
on a JPL produced Master Data Record (MDR) tape. This, of course, is
a superior and more complete data source than the System Data Record
(SDR) tape which we were forced to use in generating the first 30
EDR's that we sent to you. It is our intention to regenerate all
EDR's that we have sent to you using these new source tapes. We will
follow the philosophy for generating EDR's that was outlined at the
Quarterly Review on April 24. That is, we will send you EDR's on

the most current data we have; and this will probably begin with Day
176 (June 24). We will maintain the current fiow of data and then,
in parallel, we will regenerate all the past data starting at launch.
The production flow of the new data will commence during the first




week of July. It necessarily follows, of course, that all of these
new data tapes will be in the form and format given in the enclosures
discussed earlier. We request that you return the earlier EDR's

that we sent you when you receive the regenerated data. This

will eliminate future confusion because of the difference in the
data formats. :

-

<2441Cb&1L4 féi?'f)Q/aL€4Z.

Charles F. Hall
Manager, Pioneer Project

Enclosures:
1. EDR File 3 Data Format
2. EDR File 4 Data Format
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. EDR File 3
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Format and Definition




File 3 (See Figure) File 3 is binary and contains S/C attitude data for the
past 31 days. There is a ten-word entry for each day. All words are right
adjusted unless otherwise stated. Missing entries will be filled with zeros.
The first entry is the least current and the last entry in the file is the most

current.
1.
2.

3.
4.

5.
6.
7.

8,

9.

Word 1 (DAY-GMT) Elapsed days'since start of ycar

time of first data word in record S E

g\j<$§éﬁ \

.

Word 2 (GMT) Elapsed time in milliseconds since start of day’ fbr

Word 3 (SPARE) Blanks
Word 4 (FLAG) The flag interpretation'is as follows:

00=Special Refinement (+0.1 degree accuracy)

01=High-Gain Antenna (+0 3 degree accuracy)

10=Medium»Gain Antenna | (#1.3 degree accuracy)

11= Dynamlc Position for Delta V Maneuver (+3.0 degree accuracy)

Word S (CLON-Celest1a1 Longitude degrees of the sp1n axis) Floating
point fprm as used on customers computer

Word 6 (CLAT~Ce1est1a1 Latitude degrees of the spin axis) Floating
point form -as used on customers computer

Word 7 (CKAH Clock Angle of Sun, degrees) Floatipg poznt form as -
.used on tustomers computer

Word 8 (CKAS-Clock Angle of Star, degrees) Floating point form as
used on customers computer

Words 9 - 10 (SPARE) Blanks
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1 DAY

2 GMT

3 SPARE ]

4 FLAG LEAST |

5 CLON CURRENT;

6 - CLAT SR

7 _ CKAH “

8 CKAS

9 SPARE |

10 SPARE

REPEAT WORDS 1-10 TWENTY-NINE
TIMES FOR WORDS 11-300
300 ‘ '
301 ) DAY
302 . GMT
303 “ SPARE -
304 FLAG wst |
305 CLON CURRENT |
306 CLAT ENTRY 1
307 CKAH
308 CKAS
309 SPARE
310 SPARE
EOF
SFC/CRT FILE 3

+ TYPE-BINARY

0

| b e o e Benw o

LOGICAL RECORD LENGTH - 10 WORDS
PHYSICAL RECORD LENGTH - 310 WORDS
FILE SIZE - 1 PHYSICAL RECORD

. P
TN
I’

ATTITUDE DATA.
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Format and Definition




RN

@

. BFEC/ARC-027

d. File 4 (See Figure 5-12) - All words are nght justified and
binary unless otherwxse stated. .

(1) Word 1 (GMT) - Time in elapsed milliseconds from start of
: day for time of the first data word 1n the record

(2) Word 2 (Day of Year) - Self explanatory.

- (3) -Word 3 (TCF) - Time correction flag. The foliowing codes
are in binary: 000 = no correction, 111 = suspect time or
‘corrected time.

(4) Word 4 (AREFSELS) - Reference Select Status - 2 bits. Fill
' value of "all ones'" indicates value missing.

Bits “Meaning g S
' 00 ERROR | |
01 STAR .
10 . SUNB
11 SUNA -

(5) ,WOrd 5 (SNR) - ({Signal + N0159/Noise in floating p01nt form
'as used on customer's computer.

(6) Word 6_(DSS) - Deep space station which was tracking.' See
Figure 5-50. ' .

(7) Word 7 (Bit Rate) - Bit rate at which data record was taken,
See Figure 5-51. '

(8) Word 8 (MOD-FMT) - Mode and Format aré two data valﬁeé,
o  three bits and five bits respectively, packed to form,
eight bits right justified of Word 8.

Mode:- The following codes are in binary: 000 or
’ 001 = real time; 100 or 101 = telemetry
store; 010 or 011 = memory readout.

Format: See Figure 5-52;

)

(9) Word 9 (RTLT) - The Round Tr1p Light Time will be given in
total milliseconds.

(10) Word 10 (ESC Subcom ID) - The Extended Frame Counter will

. be a combined word from the S/C telemetry of both the sub-
commutator identification word and the extended frame
counter word. Together they comprise a counter from 0 to
8191.

i
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(11) Word 11 (ASTDLYC) ~ Star Delay Time (1/256 second resolu-
~ tlon) in DN. Twelve bits with the telemetry bits reversed
to give proper bit weighing. Latest available value -
Fill of Mall ones" indicates value missing. '

(12) Word 12 (Flag 1, Flag 2, Fla® 3, Flag 4) - These are flags
for RAT, ASPNPDC SPF, ARIPPHEC respectively, Each flag
is elght bits. Flag‘walues are: 0_= 0K, 1 = old value,

o - 10 = value m1551ng, and 11 = corrected value.

. (13) ‘Word 13- (RAT - Roll Attltude Timer) - Engineering Subcom
Words C-112 and C-116.. This time permits correlation of
the attitude of the roll index reference line with given
telemetered science and engineering data. (Floating point
‘form as used on customer's computer.)

(14) Word (ASPNPDC - Spin Period) - The time between two suc- °
cessive roll pulses of the spacecraft. (Englneerlng Words

’ C-4Q5, C-406, C-407.) Floating point form as used on

. cusfomer's computer. -

(15) Word 15 (SPF) - Engineering Word C-417 is the flag for spin
period (three bits). If bit 30 is 0, then SPSG (Spin
Period Sector Generator) roll reference = 0°‘ if set to

‘1rm? “180°.
L
Bits 31 and 32 . SPSG Modes
' 00 Non-Spin Averaging
01 ACS o
10 _ Spin Averaging ,

(16) Word 16 (ARIPPHEC - Roll Pulse/Roll-Index Pulse Phase
Error) - The phase error measurement between the Roll
Pulse and Roll-Index Pulse with up to a maximum of 6Q
msec of phase error may be a plus or a minus quantity and
is generated by the Spin Period Sector Generator (SPSG)
Floating point form including sign as used on customer's
_computer. .

(17) Word 17 (Tlme of C-112) - GMT time that C-112 was recelved
(RAT). All "ones' indicate time was missing.

(18) Word 18 (DC Bus Voltage - C-107) - Range 26-30 VDC. ; -
* oFloating point form as used on customer's computer. '
Floating point f111 value of 1 x 106 indicates data was
missing.

(19) Word 19 DC Bus Current - C- 129) - Range 0-6A. Floating
point form as used on customer's computer. Floating point
_ fill value of 1 x 106 indicates data was m1551ng.

SR
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Potncomatid

- . (20) Word 20 (C 108/GMT of C 108) - Located ‘in Bit S of Word 20
It indicates the power status of the GSFC/CRT instrument: %,
1 =on, 0 =off, GMI of C-108 is located in Bits 6-32 of s
; Word 20. It is the time that C-108 was received. If Word
20 is all "ones", C-108 was missing for this subcom cycle.

(21) Word 21 (PT - S/C Platform Temperature #6) - -20°F to 110° F.
Float1ng point form as used on customer's computer. Float-‘ t
. _ 1ng point fill value of 1 x 106 indicates data was mlssinglw‘ E

f(22) Word 22 (F, DQ) - Bit 1 of Word 22 is the fill indicator:
. 0 equals data, 1 equals fill. Bits 2 ‘and 3 of Word 22 are
. dependent on Bit 1 of Word 22. 1If Bit 1 equals Q, then -
® Bits 2 and 3 (DQ) are the Data Quality Indicator. The fol~ 4
’ lowing -codes in binary: 11 equals all indicators are good,
data is good; 10 equals at least one indicator is bad, data .
is suspect; 01 equals at least two indicators are bad, data
is suspect; 00 equals data is bad. See Figure 5-49. If
Bit 1 equals 1, then Big 2 will indicate extent of filler:
s ' 0 -equals at least this frame of "data is f111ed with '"ones"
g‘gg? data resumes in this physical record; I' equals the rest
this physzcal record is filled with "ones'".

- L
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“TYPE ~ BINARY

LOGICAL RECORD LENGTH ~ 384 WORDS
PHYSICAL RECORD LENGTH - 1301 WORDS
FILE SIZE - VARIABLE

~~ W
-l 21 3] 40 st oef 20 ol o vof vl v2ivalalvs) s} iz) s 19f 20 1j22) 23] 2e) 25)26) 27 28} 29 30! 21| 32
; GMT
DAY OF YEAR
' TCF | 5
AREFSELS | - 'E*
SHR ° ‘
DSS :
] ) BIT RATE
MOD FMT o
o RTLT
ESC .
‘ ~ ASTDLYC | |
FLAGS FLAG3 FLAG2 FLAGT - j
| T .
- ASPNPDC ‘ ‘
o " SPF
- ARIPPHEC
GMT OF C-112
DC BUS VOLTAGE
, DC BUS CURRENT
C-108 ' : o GMT_OF C-108
» CPT
F | pg GMT_OF SCID O
FILL 9 10 |11 ] 12 | FIL | 14 15 16 | 17
' FILL | 41 42 | 43 | 44
REPEAT WORDS 22-24 FOR WORDS 25-90 SCIDS 1-22 ok
, - = |
F |DQ GMT OF SCID 23 ;
FILL 9 | 10 |1 12 FILL L 1a | 15 | e 17
E-124 FILL | 41 | 42 | 43 | 44 .
F DQ | GMT OF SCID 24 |' '
CFILL 9 | o [ 1 12 | e e | s | 16 | 7
GSFC/CRT FILE 4 EXPERIMENT DATA

FORMAT A

Figure 5-12
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96 E-125 FILL | 41 | 42 | 43 | 44
97 | F] 0G GMT OF SCID 25
98 | FILL 9 {. 10 | 11 |12 FILL 14 | 15 | 16 | 17
99 | E-126 FILL | &1 |42 | 43 | 44
1c3F{oq] . &M OF scIp 26 R
101 | FILL 9 RN 1 | 15 [ 16 | 17
102 E-127 FILL 41 42 | 43 44
103 | £ DQ GMT OF SCID 27
103 | FILL 9 10 | 11 |2 L] e 1w | 15 |16 | 17
105 E-128 FILL a1 | 42 | 43 | 44
106 | F{0Q GMT OF SCID 28 .
107 | FILL 9 10 |11 {12 FILL | 14 15 | 16 | 17 B
. o E-129 | FILL | & 42 | 43 | 44
S I GMT_OF SCID 29 e K3
FILL o | 30 |11 12 | Fre. {14 | 15 | 16 | 17 ' E
Sl E-130 FILL |41 | 42 | 43 | as ]

i REPEAT FORMAT OF WORDS 22-24 FOR WORDS 112-213

2
]? REPEAT FORMAT OF WORDS 22-213 FOR WORDS 214-405
405 .
406
: REPEAT FORMAT OF WORDS 22-405 TWO TIMES FOR WORDS ¥
RV 406-1173 SCIDS 128-383
174 | |
: 128 WORDS OF FILLER FOR WORDS 1174-1301
1301
EOR © ]
GSFC/CRT ] FILE 4 " EXPERIMENT DATA
: ¢ FORMAT A (CONTD)

° .
o * Figure 5-12, GSFC/CRT File 4  (Sheet Z7of 4) (}\&&‘\
' : ' P . ‘b%'\ o
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VI 2] 31 &) s| &) 2 aj ojrofn 2] i3ialas)1sjrziale| 20211 22]) 23} 26 251 26 2Tiasl a9l ) A
1 GMT
2 DAY OF YEAR
3 TCF
4 AREFSELS
5 'SNR
6 Dss
7 . BIT RATE
8 | MOD FMT
9 } RTLT
10 ESC
1 ASTDLYC
12 FLAGA FLAG3 FLAG2 FLAG!
13 ‘. ‘ . RAT
.14 ~ o " ASPHPDE
15 = | SPF.
16 o | ARIPPHEC
RY - GMT_OF C-112
T i o . DC BUS VOLTAGE
19 - DC BUS CURRENT
20 [ c-108 4 . GMT OF C-108 .
21 ' pT |
22 1F10Q - GMT_OF SCID 0
23 CfnL ) 14 | s |1 7
o REPEAT WORDS 22,23 FOR WORDS 24-67
i ' SCIDS 1-22
68 | F | DQ | GMT OF SCID 23 | &
69 N E-124 | FILL | 14 | 15 | 16 17
70 {F | Dq GMT OF SCID 24
7 ' _ E-125 FILL | 14 | 1s | 16 |17
72 |F{Dpg GMT OF SCID 25
73 E-126. | FILL | 14 | 15 16 17
GSFC/CRT . FILE 4 EXPERIMENT DATA
TYPE - BINARY . " FORMAT B
LOGICAL RECORD LENGTH - 256 WORDS - | g;ﬁk
PHYSICAL RECORD LENGTH - 1301 WORDS ‘Cfajé\ ,
FILE SIZE - VARIABLE o

Figure 5-12. GSFC/CRT File 4 ' (Sheet 3 of 4)
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75
76

77

78
79
80
81

a

2 6 7] s8] s frolvifraiafrajas|isfrzjrsjioj ol 2t 2zl 23| 2e) 2526 2|28 29 30f 2| 32
0Q GMT OF SCID 26
‘ E-127 FILL | 14 | 15 | 16 | 17
DQ | GMT OF SCID 27
E-128 FILL | 14 | 15 | 16 | 17
DQ “GMT OF SCID 28
E-129 FILL 14 15 16 17
DQ . GMT OF SCID 29
E-130 FILL | 14 | 15 | 16 ] 17
REPEAT FORMAT OF WORDS 22-23 FOR WORDS 82-149
REPEAT FORMAT OF WORDS 22-149 FOR WORDS 150-277
REPEAT FORMAT OF WORDS 22-277 FIVE TIMES FOR
WQRDS 278-1301 SCIDS 128-639
;‘t":'° i
EOR
-
GSFC/CRT © FILE 4 EXPERIMENT DATA
. FORMAT B' (CONTD)

.Figure 5-12,

P

GSFC/CRT File'4

(Sheet 4 of 4)




VALUE (BINARY)

n
"10

o1

BCD

MEANING

© *ALL INDICATORS ARE GOOD, DATA IS GOOD

AT LEAST ONE INDICATOR IS BAD DATA
IS SUSPECT

AT LEAST TWO INDICATORS ARE BAD DATA
IS SUSPECT

DATA IS BAD - NO SYNC

-
T

o THIS VALUE IS COMPUTED BY THE FOLLOWING LOGIC:

? §iQI = FS (1+S+H), wheve-

1 IF DATA STREAM IS IN SYNC IN 360

5" 0 IF DATA STREAM NOT IN SYHC
s . 1 IF AVERAGE SHR OVER FRAME IS > A SPECIFIED MINIMUM
3 7 0 IF AVERAGE SNR OVER FRAVE I§ < A SPECIFIED MINIMUM
.4 = 1 IF HSD BLOCK WAS RECEIVED WITH NO ERROR INDICATORS
0 IF ANY BIT ERRORS WERE DETECTED IN HSD BLOCK - = 3
]

Figure 5-49,

°
. —

Quality ‘Indicator (Binary)

5-159 -

BREG/ARL=UZ, 7
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. VALUE (BINARY)

pSS 11 | . 00001011
DSS 12 . 00001100 -
pss 14 | 00001110
05§ 21 . o © 00010101
DSN SIMULATION CENTER (SIMCEN) ‘ oootiolt
pSs 27 e : |
. DsS 4l | oo b
. pssa : olo1010 ”
0SS 51 00110011 o
DSS 61 : o 00111101 L
DSS 62 . ~ oonino, .
DSS 71 R 01000111 <
CAPE BUILDING AO (0SS 70) 01000110 N
_ SFOF (DSS 00) o " 00000000 C

MERRITT ISLAND MSFN (MIL) (DSS 90) 01011010
USNS VANGUARD MSFN (VAN) (DSS 91) ~ ol0110m
BERMUDA MSFN (BDA) (DSS 92) . . © 01011100

' ASCENSION MSFN (ACN) (DSS 93) | 01011101
CANARY ISLAND MSFN (CYI) (DSS 98) 01011110 ¥

. " BOULDER, COLORADO (DSS 99) 01100011
° {

Figure 5-50. DSS Codes (Source Codes)

'5-160  °

. W




VALUE (BINARY)

0000
0001
0010
0011
10100
0101
0110

r
0111

'
V
h

1

Figure 5-51.

YCf%K?QEW\ - BFEC/ARC-027

L

. [

. ©_ RATE.IN
BCD: ~ BITS PER SECOND

‘0<  - '_‘-7'|6
1 3
2 64
3 128

4 256

5 512

6 1024

7 2048

Rate of Data Transmission From | b
Spacecraft (Binary)

RN




BFEC/ARC-027

W

o FORMAT ID BCD " FORMAT
«. . 01009 8 OR 9 “ A
00008 "0 OR1 B
0X100 4 0R 12 c1
0X101 5 OR 13 c2
0X110 - 6 0R 14 c3
ox111 TOR15 . cs ®
11000 24 D1 WITH A
10000 * 16 D1 WITH B
11001 25 D2 WITH A
110001 17 D2 WITH B .
11010 26 D3 WITH A *
10010 18 D3 WITH B
P = DON'T CARE STATE (MAY BE A ONE OR A ZERO)
X = 1 WHEN IN ROTARY C (OPERATIONALLY FORCED)
i - . g
Figure 5-52. Format ID Assignments
) ' . 54162 . | %
| (\ o f

P R o )
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ABSTRACT

This document outlines the design specifications of the
Pioneer Q_SFC/CRT Data Reduction Program (PIODRP) and
briefly dei;incs the supplemental proglra.ms which comprise the
Pioneer GSFC/CRT 'Data Reduction System. PIODRP has as

_its. main i;;ﬁut the Pioneer Experimenter Data Record (EDR)

) tap.es_ I ccei_ved fr'ozn Ames Ressarch Center in Moffett Field\:\
California and its main output the Pulse Height Aﬁalysis (PHA)

" tapes and.t}l;le Events per second (RATES) tapes. The PHA

and RATES tapes contain the GSFC/CRT experiment data in .

-a readily accessible format for subsequent analysis programs.
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Section 1

INTRODUCTION

1.1 . 5YSTEM DESCRIPTION

The Pioneer GSFC/CRT Data "Reduction System is a collection oi:
programs which aid in the reduction and a.x;.alysis of the Pioneer GSFC/
CRT experimeant data. Included in this system is the main data reduciion
pfogram (PICDRP) which creates the PHA, RATES and CATALOG tapes,
as well as a number of utility and maintenince programs which perform. .

the following functions:

Allocate disk space for the tzpe cataiogs
‘nitialize and modify the tape cétalogs
.C. - List and create backups for the various tapes used
S >y the D, R. S. _
d. Save the tape catalogs which reside on disk onto backup

tapes and restore them from tape.

The main data reduction program'(PIODRP) reads the EDR tapes
and produces time-ordered PHA and RATES tap~é5, printed daily summaries,
printed processing mess‘ages, and time-ordered C‘ATALOG tapes containing
the 1ogistic.s, command and attitude information. A catalog of all the tapes used
by PIODRP is kept on the disk and updated each time the program is run.
Using this gatalog, PIODRP determines the location (tape volume) of
previously processed data when merging or adding new data with the old.

At the end of each run, information pertaining to the tape catalog is printed,

- indicating the current status of the D.R.S.
1.2 SYSTEM PHILOSOPHY

The following considerations were included in the system

-

design:

1-1 -



1.3

. one output) and two 7-track tape drives (for merging the

4
4

The Trajectory data will be maintained in a separate

tape data set and not merged with the PHA and RATES
data sinée all thé Trajectory data for the entire Pioneer
missioxf is expected to be contained on four tape volumes.
However, the location (tape volume) and time periods of

this data will be maintained in th: Tape Catalog.

The PHA and RATES-tapes are created in a one pass
system rather than a two pass.sy stem to eliminate
dupl!ication of the setup functions inherent to a D.R.S.,
the computer time required to process the same data

a second time and the tapes required for the intermediate

storage of the experiment data.

: SYQTEM DESIGN SPECIFICATICNS AND ASSUMPTIONS

’ PIODRP is de51gned to run on an IBM S/300 computer and

util: ze ’chrce 9-track tape drives {one for the input EDR

tape and two for merging of the PHA data, one input and

f,./“‘*)

RATES data, one input'and one output), five permanent
IBM 2314 direct access data sets (four Tape Catalog Data

Sets and one Catalog Pointer Data Set), three temporary

IBM 2314 direct access dats sets (one each for the logistics,

"command and attitude information), one card reader/punch

and one printer.

The CATALOG tapes will utilize the three 9-track tape
drives listed above (one for input and two for output of the
primary and backup CATALQG tapes) after all processing

for the current run has been completed.

1-2..
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Section 2

DEFINITIONS AND ABBREVIATIONS

2.1 DEFINITIONS

Many of the following terms have several meanings; however,

only the definition pertinent to this report is given.

Absolute File - All the data processed for a particular day residing

on one or more EDR tapes.

Absolute File Number - A number assigned to each absolute file

(consists of data for an entire day) of experiment data processed by
PIODRP. Ea.chl:_ﬁle processed is assigned an absolute file number one

larger than the-previous file; therefore, each file is uniquely identified.

‘Album - One complete sampling of the GSFC/CRT experiment data.
An album ccnsists of the following: | )
1 Album = 4 pages (each page represents a unique priorify secuence)

. 1 Page = 2 Snapshots (each snapshot represents 1/8 sample
of RATES information) :

1 Snapshot = 32 Frames (Format A)/64 Frames (Format B)

Catalogipointer - A disk data set which co_ntéins the character (1,2, 3,0r 4)

indicating which of the four Tape Catalogs is the most recent (see Section 5. 6).

CATALOG Tape - Tape(s) containing-all the time-ordered logistics,

command and attitude information related to the Pioneer mission (see

" Section 5.4).



é

Events per second (RATES) Tape - Tape(s) éontaining all the time-ordered

events per second information from the GSFC/CRT experiment (see

Section 5. 3).

Experiment Data Record (EDR) Taée - I—nput tépe received from Ames

Research Center in Moffctt Field, California (see Section 5.1).

Pulse Height Analysis (PHA) Ta'pe - Tape(s) containing all the time-ordered

pulse height analysis information from the GSFC/CRT experiment

(see Section 5.2).

Relative Modified Julian Day (RMJD) - Date assigned to each day of data

referenced from day 0 of launch year, 1972 (Modifed Julian Day 41316).

Tape Catalog - A disk data set which contains pointers to all the tapes

used by the D. R.S. along with certain control information (see Section 5.5).



2.2

D.R.S
DSS
EDR
GMT

GSFC/CRT

HET
LET

LSB

MS
MSB
PHA
RTLT
SGID
TLM -

uT

é

ABBREVIATIONS

Data Reduction System
Deep Space- Station
Experimenter Data Record
Greenwich Mean Time (UT)

_Goddard Space Flight Center/Cosmic Ray
Telescope

High Energy Telescope

Low Energy Telescope

Least Significa_nt Bit

Main Frame

Milliseconds

Most Significan® Bit

Pulse Height Analysis

Round Trip Light Time
Subcommutator Idenf:if.icat.ion
Telemetry

Universal Time GMT)
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Section 3

OBJECTIVES AND REQUIREMENTS

3.1 OBJECTIVES

a. Tke major objective of this system is to process the ?iorxeer
EDR tapes received 'from' Ames Research Center in Moffett
Field, California and generate tapes containing the GSFC/CRT
experirnent data and related spacecraft information in a .

readily accessible format for subsequent analysis programs.

b. TlLe function of the Tape Cataloyz and CATALOG tapes is to
render the system self-sustaining and thus reduce the amoun:

of manual intervention required for normal data processing.
_ 3.2 OPERATIONAL REQUIREMENTS
‘. - The folloWéﬁ:g data sets are needed as input to PIODRP:
| a. =’ Experiment Data Record (EDR) tape(s)
b ou c%‘TALéd tape(s)
e o1d Pulse Height Analysis (PHA) tape(s)
d. Old Events p_ef second (RATES) tapé_'(As)’
e. Tape Catalog indicated by the Catalog Pointer
£f. "Parameter cards indicating which EDR tape(s)‘are to
be processed.
The following data sets and reports aré generated by PIODRP:
a. New. Pulse Height Analysis (PHA) tape(s)
. b. New Events per second (RATES) tape(s)

c. Updated CATALOG tape(s)

-
-
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d. Updated Tape Catalog and Catalog Pointer

e. Daily Data Quality Summary Report

£, Appropriate error messages

g- Current Status of D.R.S. Report
3.3, FUNCTIONAL REQUIREMENTS

~ The following functions are performed by the Pioneer GSFC/CR'T
D.R.S. A

a. Read and Unpack the EDR tapes

- b, Save pertinent information from EDR file 1 (logistics),

file 2 (command) and file 3 (attitude) on CATALOG tape

c. " Check time continuity of data records in EDR file 4

(experiment data)

- d. Establish experiment synchronization
e. Decompress the 1ogarithh1ic compressed RATES data
f. Process the PHA and RATES data into a condensed

and accessible format for the PHA and RATES tapes-

-

g. Merge new data with data previously processed

h. . Create automatic backups for all tapes used by the D.R. 5.,
i. Produce data quality summary reports —

J Provide an easy re-run c_ap_abﬂity

k. Dynamically assign all PHA and RATES tapes

1. Generate a time-ordered data base for the PHA and RATES

data and provide the capability for selective retrieval

of the data.

3.2



Section 4

SYSTEM FLOW

The Pioneer Data.Re\duction Prograrp (PIODRP) is used to process
the Pioneer GSFC/CRT EDR tapes and éenez:ate time-ordered PHA,
RATES and CATALOG tapes. Before this rrogram can be submitted for
the first run, disk space must be allocated for the Tape Catalogs and
Catalog Pointer and they must be initialized. Once this is accomplished,

PIODRP is submitted for normal production runs.

A produ~stion run begins with PIODRP reading in from card the
time limits (s‘Lzart,‘;and stop days) over which data is to be processed

g, indicated by the Catalog

&

for the current run. The latest Tape Catale
‘Pointer, is then acceéséd and the information necessary for processing
to continue is verified and retained. The CATALOG Tape associated
with the latest Tape Catalog is then mounte;d and any information for
-the tim:e span béing processed is retained, so that new information may

be added when necessary.

Once the set-up procedures are performed, PIODRP reads in
from card the EDR tape label and processing options to be used when
processing the specified tape. The EDR tape is then mounted and the
identification record, contained in file one, is unpacked and verified,
If the tape contains data outside the processing time limits or data
that is not in time sequence with data previously processed in the
current run, the tape is rejected.- PIODRP then attempts to read
another data card containing the label of the nextEDR tape to be

‘e



processed. If one is not available, PIODRP generates the Current Status
of D.R.S. Report, updates the Tape Catalog to reflect the data processed

and terminates the job.

When the EDR tape is accepted for preocessing, PIODRP maintains
the pertinent information from file one for the File/Logistics catalog. Tae
data .contained in files two and three of the EDR tape is then processed and
appropriate em.riés are,ma:de in the Command and Attitude catalogs, respec-
tively. Next, the experimént data contained in file four of the EDR tape is
processed and the PHA and RATES information is added to the appropriate
tape data set, : : !

then processing fhe experiment data contained in file four of the
EDR tape, several quality and validity checks are pe.rformed on each data-
record. These checks are performed in order of priority and whenever
a data record f.a’ils:a particular check,it is discarded. OStatistics are
maintained for all data records discarded and this informatior; is printed
in the Daily Data Quality Surnmary Report affer the processing for an ent.re.
EDR tape is cornﬁléfed. The first check to be performed -validate:s the
4 !:ime assigned to the data record and assures continuity with the times
%_).ssigned to the preéeding records. Appropriate checks are then made
to determine whether the experiment power is ”o_r.x" or "off', Next, a
i;heck is made to determine whether the data record contains any good
Aata or consists entirely of padded data. Finally, experiment syn-
chronizationis determined for all good records (records with correct

time assigned, experiment power on and good experiment data).

After a data record has successfully passed the preceding checks-,
the experiment data,' consisting of the Pulse Height Analysis (PHA)
data and the Events per second (RATES) ciata; is formatted and added
to the appropriate tape data sets in a time-oxidered fashion. PIODRP

then acquires the next data record and repeats the above process of

- 4-2



validafing the data and producing the appropriate output records. After

the last data record for a particular day has been processed, the Daily

Data Quality Summary Report is printed. PIODRP then determines whether
there is another EDR tape to process and if so, repeats the above process
of validating the date assigned to the data, genefating the appropriate
catalog entries, and processing the experiment data. If no more EDR

tapes are to be processed, the Current Status of D.R.S. Report is

pri.ntebd, the Tape Catalogs\'are updated to reflect the data processed

and the job-is terminated.



Section 5

L3

CINPUT AND OUTPUT FORMATS

Section 5 describes the format of the tapes and cards required

by the main data reduction program PIODRP.

5.1 GSFC/CRT EDR Tapes
5.1.1 Description

The GSFC/CRT EDR tapes are 9-tr?ck 800 B.P.I., tapes which contain
the Pioneer GSFC/CRT experiment data and related spacecraft inforrnation.
Each tape coatains four files, separated by end-of-file indicators and a
double end-of-file indicator signifying tapc end., Files one through fou:
contain the logistics, command, attitude and experiment data, respectively.
Each tape contains data for an entire day (time O to time 2400) based on
ground receipt time, that is, the time the data was received at a particular

tracking station,
5.1,2 - Logistics Data

~The Lcgistics Data is contained in file one of the EDR tape and coasists
of one physical record containing the following information represented in

EBCDIC,

Itemn "Contents

1 Pion._eer F EDR

2 : Nun’fber of aéquisitions -
3 Name of experimenter and organization .
4 Spacecraft identification

5 Date of EDR generation

6. - Date of EDR regeneration

7- Ye;—lr and day of year

8 Deep Space Stations (DSS)

9 Telemetry bit rates
10 Telemetry-formats



Item ‘ Contents

11 Qpez.'ating modes
12 Start tirne of data for day {GMT) (HR. MIN,)
13 Stop time of data for day (GMT) (HR., MIN,)
14 Tape Sequence Numbexr
5.1.3 Command Data

N

The Command Data is contained in file two of the EDR tape and
consists of one or more 310 word physical records containing the following
information represented in EBCDIC (average of 55 commands are expected

for each day).

1 File length
2 GMI’ time {(day, hr,, min,, sec.)
3 First Command Mnemonic *with flag (V—ve#‘iﬁed, N-not

verified, C-unverifiable)

4 - CMT time (day, hr., min., sec.)
-5 .sécond Command Mnemonic  with flag
6-109 Répeat of 2-3 for commands 3-54 (Items 1-109 repeated

for additional records)

5:.1.4 Attitude Data

P S

The Attitude Data is contained in file three of the EDR tape and
consists of one physical record containing the following information in
binary representation (data coverage,proyided' for current day and previous

30 days).



Item

5-120
121
122
123
124

5.1.5

Contents
GMT time of day and flag (0 O special refinement (+ O, O)b
O0l-high gain antenna (+ O. 3 °), 10-low gain antenna (j-_ .0
3.0

‘ll—dynarnic position (4 ))

Celestial latitude

Celestial longitude

Celestial latitude drift/day

Repeat item; 1-4 to complete coverage for previous 30 days
GMT for current day and flag

Celestial latitude for current day

Celestial longitude for current day

Celestial latitude drift/current day

Expe riment D.ét;a -

The Experiment Data is contained in file four of the EDR tape and

.consists of one or more physical records containing the spacecraft and

experiment information in binary represertation. FKach physical record

consists of 21 flxed words of header inforraation followed by the experlment

data’in one of two formats (A or B).

5,1.5.1

Word

¥ 1xed Words in Header

Contents
Time of day in MS for-first non filler data word
Day of year

Time correction flag (0-no correction, lll-suspect time or
corrected time) .

Spare,

Signal to noise ratio

" Deep space station which was tracking

Bit rate at which data record was taken



Word v Contents

8 Mode .(OOO-rcal time, 001~telemetry store, iOO-mem‘ory
- read-out) and Format (000-A, 001-B)
9 RTLT in total milliseconds
10 Extended SCID counter
11 . ._Spare |
12 Four Flags (to bé defined by A.R. C.j
" 13 Roll attitude timer | |
14 Spin Period
15 © Roll Pulse/Roll Index Phase¢ Error
16 GMT in MS of C-112
17 Spare
18 DC Bus Voltage (C-107)
19 DG?Bus Current {C-~129)
20 Si)a};:ecraft Platform Temperature (C-320)
21 GMT of G-108
5.1.5.2 Expenment Data for f‘ormat A

“The GSFC/CRT experlment data is assigned twelve (9, 10, 11, 12, 14,
15, 16, 17, 41, 42, 43, 44) MF data words (3 bits each) for Format A and
| these appear on the EDR tape along with the subcom information (E-1, 24-E-1,

30 inclusive) as follows:
Word . : Contents

22 GMT of SCID 0

" O0(MSB) 31 (LSB)
23 - 1ooooxxxxxxxxxxxx[ooooxxxx&:xxxxxxxj
B e e e \—w—’
g 10 11 12 14 15 16 17
0(MSB) 31 (LSB)

24  ]0000000000000000]|XXXXXXXXKXXXX0000 |
. i e v

‘v—/
41 42 43 44




25=90
91
g2

93

94-111

112-213
214-405

406-1173

1174-1301

5.1.5,3

Contents

Repeat Words 22~24 for SCID 1~22

GMT of SCID 23

Same as Word 23

 O(MSB) | | 31 (LSB)

[0000000000XX XX XX | xxxxxxxxxxm\oooog
———

s
S/LE-I,ZLX- 41 4& 43 44

Repeat Words 91-93 for SCID 24-29
(contains S/CE-1,25 « S/CE-1, 30 respectively)

‘Repeat Words 22-24 for SCID 30-63

Repecat Words 22-213 for SCID 64-127

" Repeat Words 22-405 for 2 add1t10nal subcom ‘sequences

(SCID 0-127)
Filﬁler - all bits on

Exﬁeriment Data for Format B

The GSFC/CRT Aexperiment data is assigned four (14, 15, 16, 17,
| MF data word (3 bits each) for Format B and these appear on t‘le EDR :ape

.along w1th the subcom mformatmn (E-1,24-E-1, 30 inclusive) as follow:;

Word
22

23

24-67
68

69

Contents -+
GMT of SCID 0

0 (MSB) 31 (LSB)
[0000000000000000]0000X XXX XX XK XXXX |

P e et e

S~
14 15 16 17

Repeat Words 22-23 for SCID 1-22
GMT of SCID 23

0(MSB) 1 (LSB)

[ooooooooooxxxxxx[ooooxxxxxxxxxxxx{
\-'v.‘ Sy,

S/CE 1,24 . 14 15 16 17



Word : Contents

- 70-81 Repcat Words 68-69 for SCID 24-29
) (contains S/CE-1,25-5/C E-~1, 30 respectively)

82-149 Repeat Words 22-23 for SCID 30-63
150-277 Repeat Words 22-149 for SCID 64-127

278-1301 Repeat Words 22-277 for 4 additional subcom sequences
(SCID 0-127)

~
~

5.2 "PHA Tépes
5.2.1 Description

The PHA tapes are 9~-track 1600 B, P, 1, tapes which contain the
time~ordered Pioneer GSFC/CRT Pulse Height Analysis (PHA) data,
corresponding events per second (RATES) data and related spacecraf:
information. KEach logical record contains selected spacecraft informa=-
tion and all the PIHA data and associated RATES data for an album (or.ec
~complete experiment cycle). Each PHA event for the HET M’I‘ requires
3 h'élf\V'ords (Q;S‘bits) and consists of the svent type bits, three 12-b'i‘£ PHA
readouts, the é;ector identification bits and the priority identification bits,

- These bits areaorganized in the 3 halfwords for the HET and LET events

as follows: ) A : . o

0(MSB) - -+ 15 {LSB)
HET -Halfword 1 ~ |[00TTAAAAAAAAAAAA|

Halfword 2  |00BBBBBBBBBBBBCC]

Halfword 3 [CCCCCCCCCCRSSSPP |

—

where: TT = 00 A A BCIII\

12
= 01 A,BCLI )
- = 10 (A2K1+A1CI)BCHI
= 11 A BK,CII

R =0 " CII threshold not exceeded

= 1 " CII threshald is exceeded

5-6



SSS

PP

LET-Halfword 1

SCZIZ

Word

Halfword 2
Halfword 3

where: T

SSS

P

Halfword 1
Hélfwo rd 2

Hé,j:,fword 1
Hg,:lfword 2
Haifword 1
Halfword 2

Halfword 1
Halfword 2

Haliword 1
Halfword 2

1t

0-7 Sectors 1-8 respectively
0-3 Priorities 1-4 respectively

0(MSB) 15 (LSB)

[DOOTAAAAAAAAAAAA]

10000BBBBBBBBBRBH

[cccccccccvccssspi

0 DI DII ¥
1 DIDIIZIDF
0-7 Sectors 1-8 respectively

0-1 Priorities 1-2 respectively

* Logical Record Format
Contents

Time of day (MS) of first HET PHA event

Day of data 'RMJID)
Number of FET PHA events

Number of frames between first HET eve*lt
and first LET event -
Number of LET PHA events

Time correction™flag (O-no correction,
111-suspect time or corrected time)
DSS identification

Bit rate
Format (0-A, 1-B)

Two flags (see Section 5.4 word .12,)
Two flags (see Section 5.4 word 12)

Extgnded SCID counter

Roll attitude timer

Spin pe.riod

Roll pulse/Roll index phase error



Word o Contents

11 Roll attitude time (MS of C~112)
12 DC Bus Voltage
13 DC Bus Current
14 Spacecraft Platform Temperature |
15 Signal to noise ratio |
16-17 Spares .
18-N N = 45 (Format A)/73 (Format B) -4 (Format A)/8 (Format B)
' sets of the following information:
 El-24 Bilevel
E1-25 Elect, Temnp,
E1-26 Housekeeping
E1-27 Calibratio:n Voltage
El-ZSV Detector Temperature
" E1-29 _ Sec. Voltage
E1-30 - Sequel,me Identification
N+1-N+8 HET Rate (AZK'1+A1CI)BE:‘1‘1‘1'(8 readouts)
N+9—~N+12 HET Rate AIAZBCIII | (4 readouts)
- N+13-N+16 | HET Rate AIBKZCIII (4 readouts)
N+.17-N+20 HET Rate AZBCIII (4 readouts)
N+21-N+24 LET Rate DIDIIF (4 readouts)
1\i+25-1§;+28 LET Rate DIDIISDTF (4 readouts)
N+29-NN NN= 237 (Format A)/169 (Format B) -

Array of halfwords containing HET PHA data
followed by LET PHA data dimensioned (3 x 128)
(2 negative first halfword for an event indicates
the number of data frames missing before the
next good event, ) '
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5.3 RATES Tapes
5.3,1 Description

The RATES tépes are 7-track 800 B,P.I, tapes which contain the
time~ordered Pioneer GSFC/CRT Events per second (RATES) data and
related spac:craft information, XIach logical record contains selected
spaceccraft information and all ihe RATES data for 'an album (one comp.ete)
experiment cycle), A neg\'c\ltive one (-1) for a particular rate indicates 1

padded data,

5.3.2 Logical Record Format
Word Contents
1 - Time of day (MS) of first rate readout (snapshot)
2 "Halfword 1 - Day of data (RifJD)

Halfword 2 -~ (0) when complcte sample of RATES data is

present for album
- {# 0 ) when one or more sets of 16 rates (sectored

or unsectored) is either missing (padded) or .
redundant (sectored rates only when sector sync
not inhibited) where bits 1-16 represent the 16
sets of rates respectively-(8 sectored and 8
unscctored),

- Te
3 Halfword 1 « Time correction flag (0-no correction, .
111~suspect time or corrected time)
Halfword 2 - DSS.identification

4 Halfword 1 - Bit rate
Halfweord 2 - Format (0-A, 1-B)
5 Halfword 1 - Two flags (see Section 5.4 word 12)

Halfword 2 ~ Two flags (see Section 5.4 word 12)

& Extended SCID counter

7 | Roll attitude timer

8 Spin 'period

9 Roll pulse/Roll index phaée erxyor
10 Roll attitude time (MS ofh C-112} -

-
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S Werd - Contents

11 DC Bus ;Vol’cage

12 DC Bus Current

13 - Spacecraft Platform Temperature

14 Signal to noise ratio

15-16 Spares
17-N N=44 {Form\at AY/72 (Formszt B) -4 (Forma£ A)/8 (Formszt B)

scts of the following informse.tion:
E1-24 Bilevel €
E1-25 Elect. Temp.
E1-26 Housekeeping.
El=-27 Calibration Voltage
Elr-28 Detector Temyperature

y El;29 Sec, Voltage

' Ei—SO ' Sequence Identification
N+1-N+8 | " Sectored rate SIA(L of 2)..A1§6TZBCIE'11_1 |
' . e et 1

N+9-N+16 Sectored rate S2A(1 of 1)-—SISSII SII_ SIII

N+17 , Unsgctoréd rate le(&l of 8)-(42K1+A1c1)3”c“1'1“1_

N+18 Unsectored rate R2ZA(1 of 4)-AiAéBCIII

N+19 Unsectored rate R3A(1 of 4) -AZBCIII

N+20 Unsectored rate R4A(1 of 4)-A,BK, CI CIT

N+21 " Unsectored rate R5A(1 of 4)-A,BK,CI CII CTIT |

N+22 ] ‘ Unsectored rate R6A(1 of 4)-A1KZB—(—IT |

.N+23. Unsectored rate R7TA(1l of 4)-A1X2BCI CII CIII

N+24 Unsectored rate R8A(L of 4) -A,BK CI CIT

N+25 Unsectored rate ROA(L of 2)-B

" 5-.10



Word

‘N+26
N+27
N+28
N+29
N+30
N+31
N+32
N+33-N+40
N+41-N+48
N+49

N+50
 N+51
N+52
N+53
N+54
N+55
N+56
N+57
N+58
N+59
N+60
N+61
N+62
N+63
N+64

Contents

Unsectored
Unsectored
Unsectored
Unsectored
Unsectored

Unsectored

rate R10A(L of 1)

-DI1

rate R11A(l of 4)-DI DII F

rate R12A(1 of 4)-
rate R13A(1 of 4)
rate R14A(1l of 1)

rate R15A(1 of 2)

DI DII E

-DI DII E F

Unsectored rate R16A(1 of 2)-SI SII, SII SIIT

Sectored rate S1B(1 of 2)-A

2

BK CIII

Sectored ratc S2B(1 of 1)-SI, STI ST 'STI1

Unsectored
Unsectored
Upsectored
Unsectored
Unse-ctjo'red
Unsectored
Unsectored
Unsectored
Unsectored
Unsectored

Unsectored

© Unsectored

Unsectored
Unsectored
Unsectored

Ux{se_ctored

5«11

rate R1 (2 of 8)

rate R2B(1 of 4)-

rate R3B(1 of 4)~
rate R4B(1 of 4)
rate R5B(1 of 4)
rate R6B(1 of 4)-
rate R*';B(l of 4)
rate R8B(1 of 4)
rate R9B(1 of 2)
rate R10B(1 of 1)
rate R11B(1 of 4)
rate R12B(1 of 4)
rate R13B(1 of 4)
rate R14B(1 of 1)
rate R15B(1 of 2)

rate R16B(

1 of 2)

AIBX{Z CIII

AZBK2 CI

-A

1

..A BK, CICIIL CIII

A

AlAZB CI CII

-A_BK., CI

2 1

-A_BK, CICIICIII

27771

~-CI

--DI2

DIDIISDTF

~-DI DIIZ DE, F

-DIDIIZ D E4'"F“

~-DII

~SI. SIISII SIiI
2 a

~SISIL, SII SIi
a

-DI
SI SIISTI SIil

i

Set 2

Set 3

Set 4



Word

S N+65-N+72
N+73-N+80
N+81
N+82-N+88
N+89
N+90
N+91-N+93
N+94 |
N+95

N+96
N+97-N+104
N+105-N+112
N+113
N+114-N+120
N+121
N+122
N+123-N+125
N+126
N+127
N+128
N+129-N+136

N+137-N+144

Contents

Sectored rate S1C(1 of 2)-DI DII F

Set 5
Sectored rate S2C(1 of 1)-SI, '“s‘x‘ifs‘fxaszzx
Unsectored rate R1(3 of 8)
Unsectored rates R2ZA-R8A(Z of 4)
Unsectored rate R9C(1 of 2)-CII
Unsectored rate R10C(1 of 1)--DI3 _
) Set'b

Unsectored rates R11A-R13A(2 of 4)

Unsectored rate R14C(1 of 1)--El

Unsectored raie R15C(1 of 2)-SI3'S.ﬁ_S‘I—Ia—S—I-I_§

Unsectored rate R16C(1 of 2)-SI SII, §ﬁa SiiT

Sectored rate S1D(1 of 2)-DI DII E, ¥ -
1 Set 7

Sectored rate $2D(1 of 1)~518'§ﬁ'”§ﬁa SITT J'
Unsectored rate R1{4 of 8)

Unsectored rates R2B-R8B(2 of 4)

Unsectored rate R9D(1 of 2)~CIII

Unsectored rate R10D(] of l)-DI4~

Unsectored rates R11B-R13B(2 of 4)

Set 8

Unsectored rate R14D(1 of 1)}-F

Unsectored rate R15D(1 of 2)-S1, SII'SII_ SIII

Unsectored rate R16D(1l of 2)~SI SII 's'ﬁa SII

4

Sectored rate S1A(Z2 of 2) Set 9

Sectored rate SZE(1 of 1)-§ SII S—I—ia SIII

5
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}Vord ' Contents

N+145 ‘ Unsectored rate R1(5 of 8)

N+146-N+152 | Unsectored rates R2A~RB8A(3 of 4).

N+153 ) Unsectored rate RQA(2 of 2)

N+154 Unsectored rate R10E(1 of 1)-DI, | Set 10
N+155-N+157 ~_Unsectored rates R1LA-R13A(3 of 4)

N+158 | Unsectored rate R14E(L of 1)-SI

N+159-N+160 Unsectored rate R1I5A-R16A(2 of 2)
N+161-N+168 Sectored rate S15(2 of 2) ‘ } Set 11
N+169-N+176 Sectored rate S2F(1 of 1)-ST s11, STI, 51T

N+177 Unsectored rate R1(6 of 8) \
N+178-M+184 Unsectored rate R2P-R8B(3 of 4) )

" N+185 Uﬁsectored rate R9B (2 of 2) | '
N+186 . Unsectored rate R10F(1 of 1)-DI, ) set 12
N+187-N+189 Unsectored rates R11B-R13B(3 of 4)

N+1'90 : Unsectored rate R14F (1 of 1)-SII
N+191-N+192 Unseéctored rate RISB-R16B(2 of 2)
N+193-N+200 Sectored rate S1C(2 of 2) :
: . o Set 13
N+201-N+208 Sectored rate 52G (1 of 1)-SI S, SII, SIII
 N+209 ' Unsectored rate R1(7 of 8)' ’
N+210-N+216 Unsectored r?ﬂ;es_RZA-RSA(Il of 4)°
N+217 . Unsectored rate R9C(2 of 2)
N+218 Unsectored rate R10G(1 of l)--Di7 Set 14
N+219-N+221 Unsectored rates R11A-R13A(4 of 4)
N+222 . Unsectored rate R14G(1 of 1)-SIII
N+223-N+224 Unsectored rates R15C-R16C(2 of 2)
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Word ‘ - Contents

N+225-N+232 Sectored rate S1D(2 of 2) . l Set 15
N+233-N+240 Sectored rate S2H(1 of 1)~ SI sxxg’sﬁ'ia SII
N+241 ‘ Unsectored rate R1(8 of 8) \
| N+242-N+248 Unsectored rates R2B-R8B(4 of 4) 3
N+249 ' . _Unsectored rate R9D(2 of 2) (
N+250 Unsectored rate R10H(1 of l)-DI8 > Set 16
N+251-N+253 Unsectored rates R11B~R13B (4 of 4) (
N+254 Unsectored rate R14H(1 of 1)-SII_ j

N+255 .N+256 Unsectored rates R15D-R16D(2 of 2)

o
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5.4 CATALOG Tapes
5.4,1 Description

The CATALOG tapes are 9-track 1500 B, P,I. tapes which contain
the time-ordered logistics, command and attitude information related
to the Pioneer mission in three separate catalogs, each one being a
separate CATALOG tape file (data set). Within each catalog, the infor-
mation associated with an absolute vfile (21l the data for a particular day
processed from the same\‘EDR tape(s)) is stored in sequential groups of
records (1 or more). A unique number i3 assigned to each absolute file
called the ABSOLUTE FILE NUMBER and is used to identify the catalog
information associated with each absolute file on the catalog tape., For
each absolute file processed through PIODRP, there is one associatec .
file/logistics catalog entry (logical record), and one or more associated
command and attitude catalog entries (logical records) on the CATALOG

tape, containing the same Absolute File Number,.

There are four possible arrangements in which the three separate
catalog's can be arranged on as many as three different CATALOG tap:s.
This is illustrated in Table 5.1 below by reading each column from top

to bottom.

_CATALOG | ‘Tape/File Tape/file Tape/File Tape/Fils

© File/Logistics o 1/14 | 1/1 11
Command | 1/2 1/2 2/1 2/1
Attitude 1/3 2/1 2/2 3

Table 5.1 Possible Arrangements of Catalog

Information on CATALOG Tape
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5.4.2 File/Logistics Catalog

The File/lL.ogistics Catalog consists of one logical record (10 words)
for each absolute file processed through the D,R.,S. which contains the

following information:

"Word Contents

1 Halfword 1 - Absolute File Number
Halfword 2 <« Date of data (RMJID)
2 Start time of data (MS) '
3 End time of data (MS)
4 | EDR tape sequence nurnbel;
. 5  Halfword l - Date of EDR gancration (RMJD)

Halfword 2 - Date of EDR regencration (RMJD)

6 ° Halfword 1 - Datc of EDR processing by PIODRP (RMJID)
‘Halfword 2 - (0) Current da' a on PHA and RATES tapes
(1) Data deleted from PHA and RATES tapes
and replaccd with data from subsequent
EDR tape,

7 Halfword 1 - Total number of EDR file 4 data records in
Format A )
- Halfword 2 - Total number of EDR file 4 data records in

- Format B '

8 Halfword 1 - Total number of EDR file 4 data records in
} Format A with time errors v
. Halfword 2 -~ Total number of EDR file 4 data records in
Format B with time errors

9 Halfword 1 - Totzal number of data records in Format A - .
' with power off , ' :
Halfword 2 - Total number of data records in Format B
with power off
10 Spare
5.4,3 Command Catalog

The Command Catalog consists of one or more logical records (201
.word maximum) for each absolute file processed through the D.R,S. which

. contains the following information:
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Word - . Contents

-1 Halfword 1 - Absolute File Number

Halfword 2 - Date of data (RMJD)

2 Time of command (MS)

3 I;Ialfword 1 - Command cocde ‘
Halfword 2 - Command flag (0-verified, l-not verified,

' Z-unverifiable)
4-201 Repeat Words 2-3 for additional commands
5.4.4 Attitude Catalog

The Attitude Catalog consists of one logical record (5 words) for
.each absolite file processed through the D, R, S, which contains the follow-

ing information:

Word Contents
1  Halfword 1 - Absolute File Number
: ?alfword 2 - Date of data {(RMJID)
.2_ Tlme of data (MS}) and flag affixed (high order two bits) {sce
section 6,1.4)

3 ‘C'f;:lestial latitude

4 éélestial longitude

5 | _ (Selestial latitude drift N
5.5 . Tape Catalog (Disk) ' .
5.5.1 - Description |

The Tape Catalog is a permanent disk data set which provides
the D. E; S. with pertinent information about the PHA, RATES and
- CATALQOG tape s previously created and the blank tapes currently
available to the system. This provides the system with the capability
to locate data previously processed and dynamically assign all new
‘PHA and RATES tapes. The four latest versioﬂs of the Tape Catalog

are maintained on the disk to facilitate the continual updating of the
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catalog and to provide a rerun/recoxhrér capability. Each time PIODRP
is run, the latest version of the Tape Catalog, indicated by the Catalog
Pointer (see Section 6.6), is read from the disk, updated to reflect the
data processed, and written onte the disk replacing the most outdated

version.

5.5.2 Contents

The Tape Catalog contains the following information:

Item Contents
1 ‘ Array containing CATALOG tape labels

dimensioned (I1217)
1 - File./Logistics J=1 - Primary
2 - Backup

I
I =2 - Commard J
I ,

1t

11

3 - Attitude .
Array containir{g PHA tape labels
Array containiry RATES tape labels

Array containirg blank tape labels .

LS LI - VL B A

Arrays containing start and end times for
" PHA and RATES tapes
6 . Arrays c<.>ntaining the amount of space used
on PHA and RATES tapes.
7 : Variables indicating"the number of PHA,
RATE S and blank tapes currently available to:
the D.R. S. | ' ‘
8 _ Variable indicating the last Absolute File Number
assigned to data on the CATALOG tape.

. 5.6 Catalog Pointer (Disk)
5.6.1 Description

The Catalog Pointer is a permanent disk data set which contains
the character (1,2, 3, or 4) as the first byte of an 80 byte record. This
data set indicates which of the four Tape Catalogs is the latest (see
Section 6.5) and is updated by PIODRP eac}; time the most outdated

. version of the Tape Catalog is replaced with a new version.
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5.7 Par.a.metcr Cards
5.7.1 Description

The Parameter Cards are used to identify the data that is to be’
processed. The first data card contains the processing time limits,
that is, the start and stop dates (year and day o1 year) of data to be
processed for the current run. Each subsequent data card will be a
NAMELIST card with the NAMELIST name PIOI‘)AT specifying which
EDR tape to process along with certain program variables and options

to be used in processing the tape.
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Section 6

PRINTOUTS AND REPORTS

Section 6'de_scribes the printouts and reports generated by the

main data reduction.program PIODRP.

6.1 - -Processing Messages
6. 1.. 1 | Description
The Processing Mes\ssages produced by the main data reduction
program (PIODRP) providé a history of all the EDR tapes processed
and the er:ors (abnormal conditions) encountered. Each page of the
printout contains the following standard header information:
a. Name of the spacecraft and experiment - PIONEER GSFC/CRT
b. Type of report - Processing‘Messages
c. Date of run - YYMMDD

d. Page number - XX
" Each megsage produced has a standard format (reading left to

right) as fcllows:

Time the message was generated - HHMMSS

a.

b. Namc of the routine generating the message v T
c. Label of the EDR tape being processed

d. Tape sequence number for current“;un

o

Number of file being processed from EDR tape

Fh
.

Number of record being processed

. Message content
o

6.1.2 Contents _

The Processing Messages produced by PIODRP provide the
following information:

a. Indication of 1/O errors and reiated status informé.tion

b. Indication of wrong lelngth records

c. Indications of time backups in file 4 of EDR tape

-



d. Indications of invalid keywords (bit rate, format, etc.
indicators) in the data
e.. Indications of internal program errors (abnormal conditions)

f. Indication that normal end-of-tape was encountered.

6.2 - Daily Data Quality Summary Report
6.2.1 Déscription

The Daily Data Quality Summary Report generated by PIODRP provides
an indication of the quality and status of 'rhc Pioncer GSFC/CRT experiment
data on a dezily basis. Each page of the printout contains the standarc
header information (see Section 6. 1.1) with the type of report indicating

Daily Data Quality‘ Summary Report.

6.2.2 Contents
The Daily Summary Report provides the fdllowing information for
each absolute file processed by PIODRP. | |
| Assolute File Number assigned to data

a
b. EDR tape label - source of data .

_c‘. Start "émd end time of data éoverage for day -
d. Totaillrecords for Format A and Format B

e. Number of good records |

f. N}imber of records containing redundancies

g. Number of records completely padded

h. Number of records rejected due to time errors

[ N
-

Number of records when experiment power was off

j. Number of records when experiment was operating in low
power mode (no PHA data)

k. Number of records when experiment synchronization
could not be determined

I[. Number of records when experiment was operating with
Sector Sync not inhibited

m. Percentage of records (item 1) when redundant RATES
readouts did not agree '

n. Number of HET and LET PHA events of a particular
type and priority mode

0. Number of padded frames
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6.3 Current Status of D.R.S. Repo.rt
6.3.1 Description ‘ |

This report is printed at the end of each production run of
PIODRP to provide the current status of all tapes available to the
D.R.S. The purpose of this rcpox:t is to assist the dafa technician
in the processing of subsequent EDR tapes. Each page of the
printout contzins the standard header information (see Section 6.1.1)

with the type of report indicating Current Status of D.R.S. Report.

6.3.2 Contents
This report provides the following irformation at the end of each
production run of PIODRP.
Total number of PHA and RATES tapes currently in system
b. Total number of blank tapes currentl? available to system
c. VL-:'Lst'ing of all.PHA and RATES tapes giving start and end
times and amount of tape (feet) used on each
d. List of all blank tapes currently available to system
e. List of PHA and RATES tapes cz‘,ated in current run
f. . List of PHA and RATES tapes copied in current run
which may later be entered into thc blank tape queue
g. Last Absolute File Number a551gned to data on the
CATALOG tape ' | o
~h. Current value of the Catalog Pointer (1,2,3 or 4) indicating

which Tape Catalog is the latest



Section 7

SUPPLEMENTARY PROGRAMS

Section 7 defines the purpose of the supplemental programs
'Belo'ngihg to the Pionecr GSFC/CRT Data Reduction System. These

programs are not part of PIODRP.

7.1 | Catalog Maintenance Program (CATMNT)
7.1.1 Purpose of CATMNT

The Catalog Maintenance Program (CATMNT) performs three
basic functions. The first is to initalize the Catalog Pointer data set
and/or the four Tape Ca‘caldg data sets. VWhen initializing the Tape
Catalogs, ift creates tape catalog entries containing the blank tape list,
catalog tape labels and program variables to be used by the main data
réduction'prcgram (PIODRP). The second function of CATMNT is to
add blank tape labels to the Tape Catalog zm& the third function is to

delete certain entries from the Tape Catalog or modify the Catalog

Pointer. -
7.2 - . EDR Tape List Program (EDRLST)
7.2.1 Purpose of EDRLST |

'i‘he purpose of the EDR Tape List Progr;m (EDRLST) is to
provide a formatted listing of all pertinent information contained on a
particular Pioneer GSFC/CRT EDR tape. The data will be listed by
record number or time period. In addition, the time associated with
each data record on the tape will be chécked for time backups ana
various quality checks will be pe rformed- on the experiment data

contained in file 4 of the EDR tape.

7.3 PHA Tape List Program (PHALST)
7.3.1 Purpose of PHALST o ‘
The PHA Tape List Program (PHALST) provides a formatted

listing of the information contained on one or more PHA tapes. The
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data will be listed by record number or time periods and as many as
twenty separate sets of records may be listed from each PHA tape in
the same run. The program alsc insures that no time backups exist '

on the PHA tapes and performs various quality checks of the data.

7.4 RATES Tape List Program (RATLST)
7.4.1 Purpose of RATLST

The RATES Tape List Program (RATLST) provides a formatted
listing of the information contained on oné or more RATES tapes. The
data will be iisted by record number or time periods and as many as
twenty separate sets of records may be listéd from each RATES tape in
the same run. The program also insures that no time back-ups exist

on the RATES tapes and performs various quaity checks of the data.

7.5 " CATALOG Tape List Program (CATLST)
7.5.1 . Purpose of CATLST -

The purpose of the CATALOG Tape List Program (CATLST) is
to'access the Tape Catalogs and CATALOZG Tapes generated by PIODRP
“and produce lisfti:i’ags or quality reports of the data requested. Only one
Tape Cat.alog ar&cﬁz the assoc%ated CATALOTG Tape may be processed
_in thé same run and listings may be oMained from any oné or all three
of the separate catalogs (File/Logistics, Cormthand, and Attitude).

The data will be listed by Absolute File Number or time period and a

quality check will be performed on each data set accessed.

7.6 Trajectory Tape List Program (TRJLST)
7.6.1 ' Purpose of TRILST ‘ ,
T};e purpose of the Trajectory Tape List Program (TRJLST)
is to read, intérp;et, verify and produce fovrma.tted listings of the
information contained on the Pioneer Trajectory tapes. The data will

be listed by time period or record number. )

C -2



7.7 Backup Tape Genecration’ Program (DUPPRT)
7.7.1 Purpose of DUPPRT

: The;Backup Tape Generation Program (DUPPRT) produces
backup copies of the PHA and RATES tapes created by PICORP.
This program may be run as the second job step of the main data
reduction program (PIODRP) or by itself. Various qﬁality checks of

the data are performed for each tape duplicated.
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Pioneer Data Analysis Programs

Intermediete Flux Program

This program geherates a data tape consisting of counts of
event occurrence within defined areas of the range of the
experiment packages on a time interval basis.

Flux Display Program

This program creates displays of the data contained on the
tape generated by the Intermediate Flux Program.

PHA Summarizer

This prog:am creates a data base of so-ted PHA readings for
the entire range of the experiment packages. The sortis '
performec over a.constant time period und is based on event
type, PHA values, sector, and priority mode.

PHA Analysis Program

This program produces two dimensional plots of the PHA data as
contained in the PHA summary data base.for one time period or
for combinations of time periods. A histogram showing the
distribution of actual data values around an assigned standard
curve is also created.

PHA Time Period Merge Program

This program creates a data set of merged time intervals of
summarized PHA data.

Plot Program

- This program creates two dimensional plots of summarized PHA

data according to event type.
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I. SCIENTIFIC OBJECTIVES

* The proposed'Pioneéf F aﬁd G mission offers a unique opportu-
nity to study the extended regions of the interﬁiagptary medium,
The possibﬁiity of approaching inﬁerstellar électromagnetic
conditions must be coptemplaﬁodand regarded wfth.ggeat interest.
These points, coupled with.the opportunity to ééudy the. Jovian
environment, call for a carefully coordinated set of studies in
egch scientific discipline. |

Thfs instrument is designed to explcit to the fullest practical
degree the proposed trajectories of Piorcer F and G. The signifi-
cance of theaé measurements will be greatly enhanced by concurrent
measurements gith similar particle telescopes scheduled for flights
on satellitgggof the IMP or similar series in near-earth orbits.

. The Iprié;ipal scientific objectives of this cxpcrimcn'&:, are:

1. Tq';eésure the flow patterns of energetic ;olar aﬁd galactic
particles separately in tﬁe interplanetary field. To interpret
this measurement, simultaneous déterminétion of thé energy spectrﬁm;'
radial gradient, angular distribution, and streaming parameters is
rgquiréd for each nuclear species and over as wide an energy range
as is practicable,

2. To measure the energy spectra, and isotopic composition of
galactic and solar cosmic rays from the lowest practical energies up
tov~ 800 Mey/nucleon and (by use of objective 1) to unfold the
primary flaré and interstellar spectrum.

3. To measure the time variations of the differential energy
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spectra of’electrOns, hydrogen and hcliuﬁ nuclei over the
corresponding eﬁergy intervals. During flare events, to obtain
utima his;orids; during quict times, to relate gross time variﬁtions
to those near earth thus deduciﬁg a spatial gradient for galactiec
cosmic rays. |

4, To study the energy speétra; time variations and spatial
gradients associated with recurrent and non~flare asscciated, inter=-
planetary proton and helium étreams an¢ to define the related solar
or interplanetary acceleration processes.

5. To provide information on the enérgétic particle‘distribution
surrounding Jupiter, ’

6. To try to deter@ine the extent of the solar cavity, the
energetic éarticle phenomena occurring at this interface and the
cosmic ray-éengity in neérby interstellar space.

Thet§?atia1/temporal structure of solar and interplanetarj
',eyents cangb;iy be deduced from continuous monitors at a variety
of radial and azimuthal locations, Co-rotating particle streams,
interplanetary plasma shocks and Forbush decreases are obvious
examples in.addition to éﬁstomary flére events, Quiet-timé'fluxes‘
measured on the outward‘jourﬁey cannot be interpreted in terms of
a galactic gradient unless a sound "base-line" for‘the solar cycle-_
vdependent,;ime'variétion of fluxes can be defived from comparéble
detectors in near-earth orbits. Fortunately such detectors are

scheduled for a concurrent period on IMP H and J, and potentially

IMP KK'.




II.

w3

The strong collimation of solar particle flow along magnetic.
field lines during all but the late phases of sélnf flare events
iz well establisﬁed near } AU. ?However, at 5 AU the field may be
quite tangled due to the '"winding up" of the Archimecdean spiral
field; 1t would make an avefage’angle of ~ 80° with the solar radius
vector. If the field at this distance is more disordéred than at
earth, the reverse situation to that at the earth may hold; angular
flare particle distributions may aid intefpretation of complicated
ﬁagnetic‘field measurements, The need for associated magnetic
field measurements in interplanetary shocks and Forbush decreases
is self-evident. Recent theoretical work (Gleeson, 196%; Roelof,
1969) has shgwn that the average magnetic field direction governs
the flow of'g?iet~tima particles, 8o siwmlténeous particle~field

observations are required.

PHENOMENA TO'BE_MEASURED

In the %%;ld of energetic particles we have tried to design
an instrume;t that will provide the max:imum-possible diagnostic
power to examine the comﬁlex field-p;rticle interactions gccurring
in the interpléﬂetary environment as well as the Jovian magneto-
sphere.

Té accomplish this we prépose a cobrdinated set of two solid

state detector telescopes to study charged particles. The

telescopes are designated as:



e

a. the high energy telescope (H.E.T.);
b. two low energy dE/dx vs. E telescopes (L.E.T.

I and L.E.T. II).

Charged particle spectra and angular distributions will be

measured over an extended energy interval., These intervals are

briefly listed below in Table 1, and are shown graphically in

Figure 1.
TABLE 1
Particle COmponént o Energy Range

. Galactic coSmic.rayjprotdns : 4.5 = 800 MeV
Solar protons ‘ ‘ .QSL~ 800 MeVv
Galactic cosmic ray Helium 4;5 - 600 MeV/nucleon
Solar Helium . o Lo 1.0 = 600 MeV/nucleon
He /He®, D/u " N : .l';.s"-'- 50 Mev/nﬁcleon-
Galactic énd Solar ﬁlectrons j .050- 5.0 MeV

. Li, Be, B:::‘:C,.N, 0, F, Ne and | '

- their igotopic ‘composition 6 MeV/nuc- 200 MeV/nucleon

Integral flux : > 800 MeV

Energy Ranges for Angular Distribution Studies
Hydrogen .05 = 120 MeV

Helium . : © 4.5 = 120 MeV/nucleon

Electrons ) .05 - 5 MeV

e

. e e e
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Geometrical Factors

High Eﬁergy Telescope 0,220 cm - éter;

Low Ene:gy.Tclescopa I 0.155 em? - ster.

Low»Enefgy Telescope 11 - . 0,015 em? - ster.

IIXI. DETECTOR SYSTEM

)
f
H
+
H
b

We shall now discuss these:three telescopes In some detail and
- how tbe»mbasufémgnts are coordinated to provide a comprehensive
andlredundant set of cosmic ray measurements. The redundance of
the sepasrate sets of measurements as well as the self-calibration
are important” features of the system we are proposing. It is a
total necessity in view of the prolonged nature of the Pioﬁeer F
and G missions and the controversy that currently exists over
the inte;p;etation of gradient and anisotropy measurementa made
in the[O;% - 1.5 AU interval. |
Figu%§‘2 is a picture of the completed experiment with
s : : :
"handling{fixtures and detector covers attached. The LET-1I
‘telescope within its radiation shielé¢ is™in the center with the
LET-I telescope partially visible through the side face. ‘The HET
telescoﬁe is within the package, directly above the other t&o | ,
teleécopes, and looks through the front and side faces shown into the
same plane as the LET telescopes, All telgséopgs look perpendicular %

to the Pioneer spin axis and thus are always scanning the celestrial

sphere,

-

!
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High Energy Telescope:

The high energy telescope is a four element array and is shown

schematically in Figure 3. Two.of these elements (A and B) are

2 in area and 2.5 mm

thick, The third element is a stacked arrangﬁmcnt of four 850‘mm2,

singie, lithium-drifted'silicon"detéctorg, 300 mm

2.5 mm thick litﬁiﬁm.drifted silicon detectors (Cl and C2), while

- the fourth element C3 is a similar detector which identifies events 7

as Qfopping somewhere in the telescope ABCjCy or as penetrating the
entire zelescope. For particles which come to rest withinm the
telescope (20 = 50 MeV/nucleon) three measurements are made =«
energy Eogs (dE/dx), total enexrgy, and range. The simultaneous
measuremen; of total energy and range provides a very powerful
method for rejecting detector background, which is a particularly
signifi;aqg‘problem'in this energy regime. For particleé which

penetrate completely through the stack of solid state devices, three

‘separate dE/dx measurements are made. This will allow the differential

energy spéét:a to be obtained for helium and hydfogen from 50 - 80C .

MeV/nucleon. Charge resolution for penetratinglparticles will be

possible up to approximately 200 MeV/nucleon.

figure 3 also shows a simplified logic drawing for the HET.
In éddition to the three lo—bit addresses associated with thé pulse
height analysis of an HET event, we require additional bits as

noted to identify the priority mode, identify the data as HET, specify

. PHA,, identify the spin sector in which the event ‘occurred, and to



. A
determine if the event penetrated to Cy. The priority mode is .
the state of a time sharing system based on the four logic \ J/W

conditions shown on Figure 3 which idehtify stopping,pafticles,

stopping‘heavies (He aﬁ& anQe), ééneﬁrnting heavies, and all o
penetrating particles, Since these detectors will qually be
telemetry-:éadbut limited, the priority systém will select these
rare particles for analysis on a ﬁime shared basis, thus
artificlally enhancing thé fraction of alpha.pafticleé and heavies
in the data. The many rates which are :oﬁmutated and counted will
allow us to determing the true ratios of these particles in
interpianeéary space. Certain rates ars sectored, e.g., counted
inte eight different counters corresponiling to eight equa} sectors

(45°) of spin, synchronized to the see-sun direction.

Low Energy Te}escope (LET»I):

LET-I 13‘; three element dE/dx vs E telescope plus an anti-
'lcoincidehcendétector; It will cover the energy range from 3 to 22
MeV/nucleon, énd in this interval charge reéBlution‘will be possible
from Z = 1 (hydrogen) to Z ='8 (oxygen). The telescope is degigned
to measure both the energy spectra and angular disﬁributions over
~ these intervals. This telescope rep%esents a modification to the
origingl LET design to take into account the effects of the Pioneer
radioisotppé_power supply vs the original solar érray. Effectivély,.

the very low energy particle information is now ‘taken by LET-II

-
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which is quite small and can be shielded,

The detector configuration is shown in Figure 4. Detectors D
and D, ave identical silicon su;faca barricr devices cach 100
microns thick and 100 mm? in aréa. They serve the dual purposes
of defining the geometry of the detector telescope'and also pro-
viding 2 redundant double dE/dx measu:ement. Detector E is a
lithium drifted silicon device 2.5 mm in thickﬁess and 300 mm? in
area., 1t se;ves as a total energy measﬁring element. The F
detector, another 2.5 mm thick lithium drifted silicon device,
simply e¢cts as an anticoincidence. Events of the type DlDZE and /
D1D2E§ will be analyzed. The DlDZEE avents correspond to protons
between 3 and 5 MeV whereas the DlDzEE-events include the 5 to 22
MeV rangehfot'protons, for instance.

Filgure 4ialso oﬁtlines the pulse haight analysis system,

conditicns aﬁd the auxilliafy bits required., A priority system

¥

Y,

similar to HET is incorporated to emphasize rare events, and many ,(? |
different count rates are monitored. Several rates are also . bj
pectored by eight to allow us to reconstruct an angular scar.

This deteétor, like the HET, will be self-calibrating.  "In
addition the telescopes have been designed such that an overlap iﬁ ;//'
the individual energy responses of the dgtectors does exist., This
will then allow cross calibrations between detectors.

Low Energy Telescope (LET-II):

This telescope is designed to study low energy protons and
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electrons in the Jovian radiation belts and particles of solar
origin in the interplanetary region. A schematic of this detector

18 shown in Figure 5,

There are three elements:

Sl 504 - SOfmm2 Silicon Surface Barrier
S, 2.5 mm - 50 mm? Lithium-drifted Silicon
S; 2.5 mm - 200 m® Lithium-drifted Silicon

The 51 thickness was chosen to minimiz: the electron response
without naking an‘unreasonable sacrifize in the detector performance,
Thebdetectors 81 and Sp are used individually and in coincidence
as total absorption spectrometers, Sy operating in an anticoincidence
mode insﬁrgg that only ;tOpping particles are Analyzed. In addition,
S, is made.vith a coaxial detector enclosing the center active region
so as to p;é&ide anticoincidencg to perticles coming from the sides.
81 will stop electrons in the range 50 -~ 150 KeV and protoms in the
‘range 50 kég:- 3 MeV. The S2 detector will respond to electrons
in the eneféy interval 150 KeV - 1 MeV and the protbn interval
15 3 MeV - 20 MeV, and in these ranges anAu;;mbiguous separation of
lélectroﬁs and protons 1is possible. Figure‘5 also lists the large
number of rates and sectored rates that are monitored for this detector.
Stopping alphas in the §; detector will have a unique response from
1 MeV - 3 MeV/nucleon for solar alpha events,
Considerable precautions have been taken to minimize the effects
of radiation damage inrall the telescopes, The primary concern is

for the trapped radiation belts about Jupiter. There i no reliabla

T
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prediction of proton fluxes and low cnergy electrons (< i XQV) iﬁ'
the Jovian magnetosphere, This experiment ;an tolerate the high
enefgy electrons inferred from radio data; however, the proton and
lower energy electron fluxes could be large enough to seriously
damage many solid staée detectors., The detectors in this experi-
ment are in all cases fully depleted devices haying average
electric field strengths in the range 150 volts[mm to 200 volts/ma.
Additionally, all detectors directly exposed-pr‘gith minimum
shielding are oriented in the telescope so that ;be rear or alumiasum
contact will be irradiated primarily, |

TINSTRUMENTATION

The charge sensitive preamplifiers, shaping amplifiecrs, the
output &ata system and the power supplics arc constructed primarily
of small or miniature components soldered to "daughter".boards which
are then éoldered to a '"mother" board which provides the inter-
connect. ‘The linear g;tes, threshold discriminators, pulse height
analyzeré, integral analyzers and priority and control matrices are
constructed_by soldering dual transistors and diodes in discrete,
miniature ceramic or glass packages to hybrid, thick film substratesf
The extensive data system is constructed primarily of P channel,
enhancement mode MOSFETS using both medium scale integration (MSI)

and large scale integration (LSI). Much of the interfacing circuitry

is done with T2 L integrated circuits. There are more than.A0,000

S e o LB Y A 1 . S A 0 LA S e 0 7
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transistors in the data system,
This entire experiment including the LET-II radiation shield

weighs 6.9 pounds and censumos 2.28 watts at 28 volts,

/
1
i
]
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INTRODUCTION

“The proposed Pioneer F and G mission offers a unique opportu=’

nity to study the extended regions of the interplanetary medium,

Furthermore the possibility of approaching interstellar electro-

" magnetic conditions must be contemplated and regarded with great

interest. These points, coupled with the opportunity to study the
Jovian environment, call for a carefully coordinated set of studies
in each scientific discipline. 1In the field of energetic particles

we have tried to design an instrument that will provide the maximum

possible diagnostic power to examine the complex field-particle in=-:

téractionslaééurring in the intexplanétavy gnvironment as well as
the Jovian magnetosphere. | :

To accomSlish this we propose a coordinated set of two solid
state detector telescopes tc study chargeﬁ particles. The tg}e-
scopes are designated as: | : . o )

. a. the high energy telescspe (H.E:&.),
b. two low energy dE/dx vs. E.télescopes (L.E.T.
I and L.E.T. II).

Charged particle spectra and angular distributions will be.

measured over an exténded.energy intervai. Thégé'intervals are

briefly listed belcw, and are shown graphically in Figure I-1.

»
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Hydrogen . ' ' .05 = 120 MeV
Helium o ’ _ ' 4.5 - 120 MeV/hucleon
.Electrons . .05 - 5 MeV '

Particle Component . ' Energy Range
Galactic cosmie réy protbns 4,5 - éOO MeV
Solar protons ‘ " A . .05 =~ éOO MeV
Galactic cosmic ray Helium o 4.5 = 600 MeV/nucleon
Solar Helium 1.0 - 600 MeV/nuclgon'
ﬁeB/Heé, D/H ‘ | 4.5 - 50 MeV/nuéleo;
Galactic and Solar Electrons 050 = 5.0 MeV

Li, Be, B, ¢, N, 0, F, Ne and _
their isotopic composition 6 MeV/nuc

Enexrgy Ranges for Angular Distribution Studies

i

M .
»

The abové.ﬁeasurements extend the work 6f the principai'iQVestie
ggtors on previéus Pioneer vehicles as wellldE numerous studies.oﬁ '
IMPs and 0GOs. uIt is anticipated that each investigator will bring
to bear his.full experieﬁce on brevioué spacecraft in his area of

competence, The collaborative effort already undertaken to design

‘these telescope systems.and prepare this proposal will be extended =

to the preparation and testing of the instruments and the analysis of
of the data., The operational modes of each of the telescopes are as

follows:

200-MeV/nucleon e
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High Encrgy Telescope: The HET cousists of a multi-element

. array of solid state detectors., For particles which come to rest

~within this stack (20 - 50 MeV/nucleon) threec mecasurements are madg.m. :tq:
energy loss (dE/dx), total energy, and range., The simultancous measure=-
ment of total energy and range provides a vgr} powerful method‘for S
rejecting detector background, which is a particularly significant ST
vproBlem iﬁ this energy regiﬁe; The tele;c0pe is also designed to | |
measure the energy and charge of particies which penetrate completely
through the stack of solid state devices. In this mode thrée separate
.2:.-dE/dx measurements are made. Charge resolution for penetrating SR

particles will be possibla up to approximately 200 MeV/nucleon.

‘Low'Fnergv Telescope I: The LET. I is a double diE/dx vs. E.

solid state detector, Two thin (100 micron) surface barrier detectous

¢ :
serve to define the geometry and to provide a double dE/dx measuremert.

or e Fhick (2.5 mm) ‘lithium .drift detector provides a total energy measuvre= W it

ment. LET I will cover the energy range from 3 to 22 MeV/nucleon, In = °

-~ 4

this interval charge resolution will be possible from 2 = 1 to 8. 1In
addition angular distributions for different charge species and

energies will be obtained.

4«

Low Energy Telescope I1: Two solid,state_detectors, one thin and

~ ..
o

one thick, are. used individually and in coincidence as total absorption - ......

-gpectrometers, A third detector operating in an anticoincidence mode

thauted that BH1IY AEBRRIng pav¥Eleles AFE ARAI¥AEGU. THE ERLR ABteeter

w oo ) . )
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will respond to protons between 50 KQV and 3 MeV and elcctrons
between 50 and 150 KeV. The thick detector willlbe scn;itivélto
protons between 3 and 20‘MeV and electrons betveen 150 KeV and 1
MeV, and in these latter encrgy.iﬂtervals an unambiguous separation
of protons and electrons will be péssible. vThié telescope is in=-
tended to be primarily’a moniﬁor of solar particle fluxes.
We have developed these telescope systems specifically for

a missZon such as Pioneer F and G where a reliable operation over

a periqd‘of several years is required. In particulér the high
energy felescop; is self-calibrating. We refef the reaaer to

section III for a more detailed description‘of the instrument,

. et




This instrument is designed to exploit to the fullest practical.. . .

.

denree the proposed erbit of Pioncer F and G. The significance of

these measurements will be greatly enhanced by concurrent measurcments

with similar particle telescopes scheduled for flights on satellites.

.of the IMP or similar series in near-carth orbits.

The principal scientific objectives of .this experiment are:

oo

— t

e s — et

1. To measure tﬁe flow patterns of energetic solar and galactic? co.o. :lv)
particles separately in the interplanetary field. To interpret this
measurement, simultaneous determination «f the energy spectrum, radial
gradient, angular distripution,'and streaming parameters is required
for each nuclear species and over as wide an energy range as is
practicable. K

. :

2, To measure the energy spectra, and isotop?c composition of

galactic and solér cosmic rays from the lowest practical emergies up ... ou-

.

to ~/ 800 MeV/nucleon and (by use of objective 1) to unfold tﬂe primary:  Tvz 10

- during quiet times, to relate gross time variations to those near --.

.

flare and interstellar spectrum,. ' ' ‘
3. To measure the time variations of the differential ‘energy

spectra of electrons, hydrogen and helium nuclei over the correspond-

.

ing energy intervals, During flare events, to obtain time histories;

- .earth thus deducing a spatial gradient for galactic cosmic rays.

4, o study the energy spectra, time variations and spatial
gradients associated with recurrent and ﬁon-flare associated inter-

planetary proton and helium streams and to'define the related solar

.
.
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or interplanctary acceleration processes.
5. To provide information on the encrgetic particle distribution
surrounding Jupiter.

6. .Tb,try and determine the extend of the solar cavity,'the

energetic particle phenomena occurring at this' interface and the -

cosmic ray density in nearby interstellar space.

-

We shall now consider these scientific objectives in more detail
and examine how they will be achieved ty the proposed experiment

system,

OBJECTIVE 1:

To measurc the flow patterns of enarpetic solar and galactic
particles separatelv in the interplanctary field,

The telescopes are designed with appropriate directional re=
sponse to define the quiet time flow pettern of galactic (and probably

solar) cosmic rays both in and out of the ecliptic plane.

Quiet-time: At high energies, the galactic .particle streaming is

expected to be negligible. At medium energies, the detailed angular

.

resolution obtainable by sectoring the high energy telescope will

.

allow comparison of particle flow patterns with the general field

-structure which collimates them. The directional properties of the

.

low energy telescope will be helpful in sorting out a possible out-

ward streaming quiet-time solar component at very low energies. The

\ - ' .
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quict-time. flow patterns which the experiment will measure may be

more complicated than currently thought (particularly at larger -

S distances from the sun}, possibly involving flow cut of the ecliptic:
plane (unmecasured to date) and hence directional measurements point-

ing off of the ecliptic plaﬁc are essential, The net result will be

»

.an estimate of the cross circulatory pattern of cosmic rays in the
solar system. ' .

The radial gradient measurements will be made by monitoring the

; different:ial energy spectra of particle species throughout the flight

éﬁz;d& . and carefully correlating them with comparable data. simultaneeuwslty—

gékﬁié& ] recorded by

Q&f%- - temporal "base-line' whith removes solar cycle and flare event effects,

rthy With a firmly established

-a.trﬁe speiial gradient may be derived. However, a direct estimate of

the gra&iantg of the separate spgcies is available from the measure-

ments- of tﬁé'streaming cufrent and the energ? spectrum made by the
. .,{-,.Jmediﬁm and high energy teieSQOpes.‘ Recent theqries"(Axford and. 7 oo

Gléeson, 1967; Gleeson, 1969; Roelof, 1969) show'that Ehe'gradient'is5.

linearly related to the particle streaming current through the '

z

diffusion coefficient of the scattering magnetic irregularities and
to the solar wind velocity through the energy spectrum (the Compton=-

Getting effect). Since the'Speétrum will be meastred in detail and

~ T

the current flow may be derived from the velocity“anisotropy‘measureK
) ~

ments of the HET, the gradient may be estimated if the statistical

parameters of the magnetic field are available. Thus an independent

L33 ' .
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estimate of the gradient is available from spec¢trum, flow and field ..

oo

measurements, as a result of the velocity anisotropy sensitivities

of the particle telescopes. The above considerations are particularly -

B A T

important for the separation of the solar and galactic particle

population at low cnergies where a continuous low level flux of solar

pI—

particles nay greatly modify the features of the galactic particle

gradient ar.d spectrum, .

Flare cvenis: A fundamental problem relating to solar cosmic rays - la
that of deducing the flare particle spectrum and composition = requires

isolation of the effects of interplaneteyy propagation. Early in

flare events, the low and medium energy velocity anisotropies are

extremely well correlated with the local direction of the magnetic

field at 1 AU. As the orbit nears 5 AU thé:magnetic field structure
3

may not be as well defined as near earth and flare particle velocity

klﬁnisotropics could well be the best means of tracing out the connection -- -..-..
: >
of field lines back to the sun.

Measurements over a wide range of energiés covered by the high, -

[}

and low energy telescopes will provide tests of models of interplanetary
propagation unavailable with only near-earth observations. Time

histories recorded by similar detectors near earth and enroute to

€

>

~ Jupiter will define the azimuthal spread of flare particles (or the < . Z:i.:iu

radial variation when the spacecraft are™on proximate field lines).

B
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OBJECTIVES 2 & 3:

.

To measure the hvdronen and helium enersv spectra and isotopic RN

compesitivn tor galactic and solay cosnic ravs in Lho chavoa _
ranpe from the lowesl prdctical cnuriics up Lo ~o00 MaV/aucleon. o
i - I

To mcasure the time variations of the differential spectra of -

clectrons and hydrozen and helium over the corresponding encrpy ... -
intei'vals. . '

Since the:particle telescopes will cover two to three decades in . L
energy for hydrogen and helium nuclei (and aléo electrons), de-
modulation of solar induced changes will yié}d exﬁensive interstellar
spectra far-thege particles. Of course, 'if the modﬁlation.rcgiun

terminates within the Jovian orbit (as do, for instance, some comet~

tail interactions), then the high charge and spectral resolution of
the detector system is capable of directly obtaining detailed inter-
stellar spectra. .

Modulation theories can be critically examined by comparing the

spatial dependence and time variations of spectra of particles with

different charge to mass ratios such as protons/electrons, protoms/:s 1+ iLeur,

.

alphas, and the He3/He4 with solar wind velocity and magnetic field 7 . ..i.i.

méasurements.

However, current ideas on modulation which describe it in terms

of a statistical interaction with a spectrum of magnetic irregularities

been suggested by recent theoretical and experiméhgal work ‘(Webber, =~ -

may be incomplete by not including the effects on energy loss as has

“a

1968; Roeldf, 1969). 1If this is so, the m233urement of the energy

spectrum over a large range of eqefgies,but particularly at low .

v o Lo
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energices, (including clectrons) will be invaluable in separating

_energy loss processcs from simple diffusion processes., This "local'. .

encrgy loss may mask the ionization encrgy loss occurring in inter- -,

stellar space. In the latter, ;giizaticn losses (which vary as
predominate at low energies, while in the former interactions are
with the interplanctary electfomagnetic fieid (which current tgcory
predicts vary only as Z). Thus the variation with distance from

the sun of the lower end of the encrgy spectra of different elements

may be the only definite test of the magnitude of the local mocdulatior.

~ The question is, of course, a very important onec, since the interxr- -

S

stellar spectra contain the interstellar propagation history and source
spectra of galactic cosmic rays. The derived interstellar charge and
isotopic conposition and enérgy spectra will be a stringent test of

theories of cosmic ray origin. ¥

OBJECTIVE & - .

"

To study the energy spectra, time variations and spatial gradients

. 22> -y

associated with recurrent and non-flare associated interplanctary
proton and helium streams, and to define-£he related solar or
interplanctary accleration processes,

4

" The low energy telescope will be particularly useful in monitor-
ing and examining the anisotropies associated with the.wide variety of

. - . :
non-flare associated low energy proton, helium and electron events at

positions away-.from earth: These include energetic storm particle
events (Bryant et al, 1962; Rao et al, 1967); recurrent and long lived

particle streams (Bryant et al, 1965); and active center associated

e
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‘extended tail,

~lle‘ X .

‘

cevents (Yan et al, 1983; Anderson, 1949). These provide cvidence

fof qontinuoué aqﬁelgration processes on the sun or in interplanetary,
épaéc which\ﬁay be simiiaf to small-scale flé;é acceleration or couid
be an entirely different process,‘ Only with spacecraft both neér: 

earth and‘in interplanetary space can spatial and temporal variations

be sepaiated so that the evoluton of these events can be followed

“throghout their lifetimes (which may be se&qrﬁl.solar revolutions).

OBJECTIVE 5:

To provide information on the cncrgetic particle distribution
surrounding Jupitex.

The proposed trajectories for Pieneers F and G, the proposed spin

axis alignment, and the look angle directions of the detectors are ideal

in term: of studying the Joviaﬁ‘radiation‘bglts with tbis set of
deteqtors. Jupiter cffers the unique opportunity in that it has the
only other known planetary magnetosphere in our solar system. In a
sense it offers the opportunity for a “second point on the curve;" a-

chance f0 study the generation, acceleration and loss of particles in

a'magnetosphere with different boundary conditions from that of the

“earth. Estimates for the boundary of the Jovian magnetosphere on the

Sun side range around 40 Jupiter radii (RJ). ‘It is probably not un-.

reasonable to expect that the Jovian magnetosphere also possesses an

K%
e

We expect that this experiment can provide a variety of rapid
proton and electron flux measurements, together with pitch angle dis-

tributions and rapid 8 channel spectra in the low and medium energy
“ , _ . o




-12~ e
regimes deep within the Jovian magnetosphere, Much of this -information
could not be supplied by a typical trapped radiation detector sized for -

a 3 Ry pass because of the detector geometrical factor which is several .° - \

orders of magnitude smaller. The low energy telescope detector system

can handle penctrating fluxes approaching 5% lQS'particles/cmz-sec-d.

ster before pulse pile-up becomes a major correction problem.

OBJECTIVE 6:

To try to determine the extent of the solar cavity, the encrmotic
particle phenomena occurring at this interface and the cosmic ray
density in ncarby interstellar space.

The terminétion of the modulation region is a lower bound on the R
extent of the solar plasma, and a useful one since the extent is pre-
éently uncertain within (at least) an oxder of magnitude. By careful
analysié of the enexgy spectrum flow patt;r% and gradieﬁt'throughout

: « ;
. the flight, such a termination may be detectéd if it is < 10 AU from
. the sun.
CORRELAIED MEASUREMENTS: . ' . i _ ' s

Correlation with near-earth particle measurements. The spatial/

E temporal structure cf solar and interplanetary events can only- be :
deduced from continuous monitors at a variety of radial and azimuthal -
locations. Co-rotating.particlé streams, interplanetary plasma shocks

~ i

and Forbush decreases are obvious examples in addition to customary

1
'

flare events. Quict-time fluxes measured oh the outward journey cannot

. be interpreted in terms of a galactic gradient unless a sound "base~Tine" V//

for the solar cycle-dependent time variation of fluxes can be derived
. A -
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from comparable detectors in near-ecarth orbits, Fortunately such.

detectors are scheduled for a concurrent period on IMP H, J and K.

Correlation with on-board magnctometer and plasma measuremcnts.,

The strong collimation of solar particle flow along magnetic field lines

during all but the late phases of solaxr flare events is well established

+

near 1 AU. However, at 5 AU the field may be quite tangled due to the .

-

"winding'up" of the Archimedean spiral field; it would make an average

angle-of ~ 80° Qith the éolar radius vector., If the field at this
‘distance is more disordered than at earti, the reverse situation to
th#t at the earéh may hold; angular flare particle éistributions may
aid interpretation of complicatedAmagnetic field meééuremeﬁps._”?pc )
need_for associated magnetic field measurements in interplanetary shocks
and .Forbush decfeaseé isfselfFevident.. Recént theoretical work (Gigcson,

1969; Roelof, 1969) has shown that the average mdgnetic field direction P//
governs the flow of gquiet-time particles, so éimultaneous particle- .
»‘4 . . 4/ .
field observations are required. o
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“iHigh-Energy Telescope:

CTECTON SYsTiu

A set of 3 solid state deteétor'telescopes &s proposed to
accomplish'the~sciéntific objectives listed abeve., We shall now
discuss thcse.telescopes in some de&ail and how the measurements are
coordinated to provide a comprehensive and redundant et of cosmic
ray measurements. The redundancé of the scparate scﬁs of mcasu;emcnts
as well as the self-calibration are important features of the system
we are proposing. It is a total necessity in view of the prolonged
nature of the Pioncer F and G missions and the controversy that

currently exists over the interpretation of gradient and anisotropy

measurements made in the 0.7 - 1.5 AU interval. -

oy

»

The high energy telescope is a three &l ement érray (figure III-1).
Two of these elements are single lithium dr:ft detectorg, 300 mm?
étea and 2.5 mm thick. The third element is a stacked ar;angement
of five 850 mmz, 2.5 rm thick litﬁium.drift detectors. This:gelescope

has two basic modes of operation - penetrating and stopping particie

modes. For penetrating particles differentiél energy spectra are obtained
for helium and hydrogen from 50 - 800 MeV/nGcleon. The stopping

pérticle mode covers the range from 22 - 50 MeV. We will consider each of

& " .

these modes separately. . : C RO

~
~

High Energy Mode: . ‘ //

The primary mode of operation is triggered by a particle traversing

v - . .

w

AN

oo

-

Far -

o
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A, B and the complé&e C element as identified by ABC4 coincidcncc;
1 The quiet time»distribution of galactic cosmic éays is such that a = ¢
well defined minimum fonizing peak is obtained from A, B and C.’ The':{
position of this'péak in both the proton and alpha particle region - . ™~
provides a self-calibration feature which allows for the detection
~and correction either in the deﬁcctor or asséciatcd clectronics.
-This detector can measure the quiet time flux of galactic cosmic
ray protons inthe region 20 - 800 MeV, The ability to perform such a
measurement has been amply demonstrated by the analysis of the August
1961 quiet tine Qafa from Explorer XII. Siace the relative calibration
throughout the flight ;an be determined within 4%, ié‘is felt that
the flux changes greater than 3% can be detected in ghe 20 - 400 MeV -
region? In the interval 400 - 800 MeV' long ferm flux changeé greater
than 5% can be measufed. The detector systc; proposed here has a
factor of‘~1.8‘improvement in resolution over that of the Explorer XII
RIRE C.télgscope. This shouldlead ‘to a well defined alpha peak (wh%ph'wéﬁnbvfiﬂﬁf @l
‘detect in our OGO V (dE/dx)3 telescope). This will provide informqtion'
on the relative flux of alpha particlés inthe rééion'ZO - 800 MeV/nucleon.
"In the energy range 20 - 120 MeV/nucleon it is possible to identify:) )
;h? direction the particle traverses the telescope. This makes it pos-
éible to measure angular distributions over this interval. An accurate
DQJ?:>1ntergralrf1ux of both Eydrggen and helium abov;'EOO MeV/nucleon is also

-

determined. Differential spectra will be meagﬁred between 120 and
~800 MeV/ nucleon. 'y

i e 7
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The look angles for this telescope are defined by figure IV-4,
There are two primary comstraints sct by this position of the exper-~ -
iment which are also discussed in the environment section:

a. There must be a bi-dircctional look angle. The experiment
can tolerate ~.050 g/cm? of additional material in the
forward direction, and .25 zm/cm? in the back direction.

{ -

b, The maximum tewperature must be less than 40°C. Consideration
will be given to providing micrometeorite shielding after -.. .-
consultation with the project. -

Stopping Particle Mode:

Stopping particles are identified by the coincidence requirement

AEES. This covers H and He from 20 - 50 MeV/nucleon and electrons

from 1 - 5 MeV. fThe A and B detectors dafine the par%icle acceptance

cone while the stacked array, C, measures both the residual energy and

.
.
.

the range.
]

All elements inthe telescope are pulse heignht analyzed. There

, ¢ -

L . .
are four measurements for each event, 2 dE/dx, residual energy and:rangei,“*

Vd

while there are.3 dE/dx measurements for penetrating particles. This %

[

provides the ability to use selection techniqaes to improvg resolution
and provide discrimination against unwanted spurious events. 'We believe
that this improvement in resolution may be sufficient to.alloQ us to
resolve the isotopes of H and He. We, further, bel}e&e that this _ -
combination of dE/dx, E and range totally eiimiﬁatés the need for a -~
"gu;rd" counter. On IMP-IV we have flown a three element E vs. dE/éx |

where the anti-coincidence requirement is relaxed on alternate readouts.

With the anticoincidence relaxed adequate resolution is obtained in the

\»
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f

"I ond He range from 4.5 ~ 22 MeV/nueleon. With the addition of a
well defined aperture, and the particle range we feel conficent that

the added complexity of a "guard" counter would not offer any improve-

i

ment in detector resolution, s ' ~ ' o T
- We have supplemented the pulse height data with.a number of dif-
ferent rates. The rate data has two important uses. They should

provide a mecthod for determining energy spectra of solar cosmic rays

on a very short time scale, hey will also provide a means of wea-
L4 . 4 “ . . . . ’ 3 - 1 .V’
suring the anisotropy of these particles on a short time scale by

E 3
RSN

i sectoring som: of the rates. '

The telescope is essentially self-calibrating. For example, the .

~ measurement of residual energy and range allows us to accurately .
£

~determine end-points for various particle'species in each element of
' X : -
the range array. The A element can be calibrated in-flight for stop-

ping particles in the usual way. ' : o

i

‘2, Low Energy Telescopes: (LET 1) ) . : Lo

The low encrgy telscope (LET I) is a three element dE/ax vs. E

+
v

detector sensitive to protons and higher Z particles in the range 3 to

22 MeV/nucleon. The telescope is designed to measure both energy spectra

-
<
.

and angular distributions over this energy interval, " This represents

a modification of the previous LET design to take into account the effects

24
By A

of an isotope power supply. o
The detector configuration is shown in figure III-2. Detectors Dy
and D, are identical silicon surface barrier devices each 100 microns

3 * *
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thick. They serve thé dual purposes of defining the geometry of the
.éctcctor ﬁélescopc and alSovproviding a redundant double dE/dx mea-
surcment, Detector E is a liﬁhium Jrifted silicon device 2;5 mm Iin
thickﬁess. Ié.se:ves-as.a'total enérgy measuiing elemént. The F
dctecfor, a 1 mm thick lithium drifted silicon écyiée, siﬁply acts
J/as an anticoingidence. Events of the type Dlﬁzﬁ'and DlDZEF'wili be

analyzed. The Dle§§ ev;nts correspond to protopns between 3.and 5
MeV whereas the D;D,EF évents include the 5 to 22 MeV range for

protons.

An important_innovation in this telescope (as in the HET) is the -

absence of a-guard counter. With our well-defined geometry and redun-

 dant dE/dx measurements the background intensity should be minimized.

In addition toe low massyand small geometry for particles entering the
. E element fron the side will further reduce background levels relative

to larger, more massive detectors flown in the past. This technique

ey g

allows us to do away with the weight and power consuming photomultiplidr-''T . ius

scintillator systems used in the past. ‘ ' .

* This low energy telcséopc will cover the charge range Z = 1'to 8
(excluding electrons). This will require circuitry having a single

linear région with '‘a dynamic range of IOOO;
State of the art technology will be used with 211 solid state

-«

devices. This laboratory has had a great deal.of'ékperience with. such

s

' /
detectors used in spaceflight applications. Overall system noise levels

(detector + electrbnics) should be in the neighborhood of 30 KeV for each

e e g

Aoy v v g
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detector, The minimum energy losses of interest will be ~400 KeV.
This then gives us a worét case resolution better thgn 10% FWHM.:
. PFecautions will be taken to minimize the effccts of }adiation ﬁamage.
In all cases fully depleted devices'haying electric field strengths in
" excess of lSO.V/mm will be used. |

We’intend to sector several rates from the LET I. Division of

v
o)

: ’ vA - . » .

the data into 8 equal scctors will be commensurate with our viewing

cone half angle of 25°., To obtain an angular scan we require mounting
! such that the LET look direction is perpendicular to the spin axis o

the spacecraft.
v M A priority system will be incorporsted. into the electronics to

P .
L\ o

yovgive preferential coverage to the rarer events e.g., alpha particles,
" o ' ' L . . "

.- heavies. During large solar events the detectors will almost certainly ;
. ' . . v L

i

t;:n7-be readout: lim;éed. The priority‘system will select these gffg;particles
for analycsis thus artifically enhancing the ffaction‘of alpha particies
E:I;aqd héavies in our data. Of course, rate counters will allowyus to \ V//ix%”¥-;
determine the true ratios of these pafficles in interplanetaéy space.’. ’ ;
« This detector, like fhe HET, will be self-calibrating. In addition

the detectors will be designed such that an overlap in the individual

energy responses of the detectors will exist. This will allow cross

.

calibrations between detectors., B
o L . P A PR T
3. Low Energy Telescope: (LET II) ~ﬁw”§sub*sV“§€J

This low energy‘detector system is designed to study very low energy
protons and electrons in inﬁerplaﬁetary space. Studies in interplanectary

T .
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space will be primarily limited to particles of solar origin. Encrgy

spectra and angular distributions are measured. A schematic of the
. detector is shown in figure III-3.

@

There are three elements:

S1 100y - 50 mm? Silicon Surface Barrier Co Y
: - . ’% S5

Sy 2 mm - 50 mm® Lithium-drifted Silicon . '

Sy 1 om - 200 mm? Lithium~ﬁrifﬁcd Silicon

.The S; thickress was chosen to minimize the e}ectron/;esponse without
making an unreasonable sacrifice in the detector performance. - A total
resolution of 15 - 26 KeV will be easily attainagle. We have determined
in the laborztory that speciaily constructed‘detectors.bf this type are
ipgensitive to sunlight. Using this technique, we can have detectors
expoged to sﬁﬁlight with proton thresholdé,oﬁ 75 KeV. Mechanical
collimation is used to limit the detector's éield of view to + 15° and

" ‘thus provide a rgasonably fine grained measurement of angular distributions.

The top detector S1 will stop electrops in the range 50 1,159 KeV.
and prétons in the range 50 Kev - 3 MeV, The‘S2 detector williresppnd
to electrons in the energy interval 150 KeV «liquV and the proton
.inte}val is‘3 MeV - 20 MeV., Stopping alphas in. the 8, detector will have-

a unique response from 1 MeV - 3 MeV/nucleon for solar alpha events.

The proton and electron responses for the very low energy system are

-~ <

- summarized in figure I1I-4. Note that the electron response cuxrves are LIt

idealizations and do not include the effects of electron scattering

which are significant at these energies. We have calibrated similar

. N . ' ’

-detectors in 50 KeV and 2 MeV electron beams.
! . ‘? . "

>
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There ave three basic operating modes for this system that are

ot

specified by the following logic:

§15,5 50 KeV < E, < 150 KeV
' / 8 levels
+ 50 KeVv <.Ep < 3 MeVv
.§182§3 150 Kev < E, < 1 MeV/ 8 levels
$.8.8 3MeV < E < 20 MeV/ 8 levels
1°2°3 p

where E = clectron energy and E = proton energy.
e P .
' The advantages of this system are twofold:

1. The double valued response of thz usual one-dimensional
detector is eliminated by removing all penctrating particles.

2. Electrons and protons are unambiguously separated over a
significant energy range. '

Each of the three logic modes is comnected to an 8 level ~ .. .-
integral analyzer. This should provide awple energy resolution for
spectral measurements, o

It is proposed that two levels for each logic mode be sectored.

This might be as follows: .
50 KeV < E_ < 3 MeV

51575, ' P ‘
. _ 500 KeV < E; < 3 MeV ,

— 150 KeV. < E, < 1 MeV

545,54

500 KeV < Ee < 1 MeV

_ 3 MeV < E_ < 20 MeV
$5S S P

S 3 "
10 MeV < Ep < 20 MeV

1

ae b . : ~ -
‘We have allocated the weight and power for the sector accumulators in

the weight and power budgets.
A detector of the S, type has been integrated into the IMP-G

spacecraft by the Goddard Space Flight Center group. A system of the

Ty S

T T TR et




- .

s e i

Y

/o . - -22-

—
1

type-SlS3'has already been developed with all logic clements designed

for IMP-"eye". This includes. both 8 level analyzers and sectoring.

We are merely adding 82 to an already developed detector.

The proposed mounting schemes are shown in Figure Iv-4,

“The viewing angles are obtained should allow the determination of com-

» -
plete pitech angle distributions from 1 - 5 AU. / 4
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INSTRUMENTATLON

A.  Introeduction: ' . L . .

The instrumentation described here uses éxisting, proven, low power
circuitry with some available improvements in semiconductors and, in -
general, more efficient and lighter packaging. Our flight expericrnce

with similar equipment in the past several years is consistent with the

required lifetimes for these missions. We will approach the description

-.0of the instrumentation by describing the operation of each of the tele~

scopes first, followed by a description of the individual circuits, the

data system, parts, the mechanical system, thermal requirements, environ- ..

mental problems, the spacecraft interfaces, quality assurance provisions,

and the weight and power analyses,

B. low Energv Telescope II: . ,
Figufe‘IV~1 is a simplified block diagram of the detection system

and shows the logical conditions. The charge sigﬁal from each detector

is-integrated:and converted to a voltage pulse, then shaped.and amplifiéd;

discriminators fire if their thresholds are exceeded, providing the

inputs to the various logic circuits; and if the conditions are met, the

propér linear gate is opened, and the signal is analyzed into one of 8

channels by thé integral analyzer.

.

‘analyzer.,  Additionally, two more registers i}e used to monitor the

A 24 bit registexr accumulates the data for each channel of each

‘e

s —_ e - - - . ] .
\\i§;§§§§s S; 52 53, Sl 82 S3 and Sl S2 S3, and 8 more are shared in accumu

lating sectored (x8) information for S; .§é §3, S1 8, 53 and S; S, Sj.

“ .
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LET~TI: (?igurclIV-Z)
As with thc'LET-II, cﬁargo pulsés from each of the solid state
detectors sre converted into voltage pulscs by low noisc charge scnsi-
'tivg.preamplifiers. The outputs oé threshold circuits for the Dis Dy
énd F eiements are fed‘ipto logic circuitry wﬂich produces a pulse when
the DlDé; condition is meg. This pulsc is in turn used to opc; the
.Dl;.DZ and I linear gates. Each of the analog Dy, D2 and E pulses'are‘
then fed into three 1000 channel pﬁlse hieight qpélyzefé; ‘Ten bits
will be required for each PHA and two bits for priority level idéntifi-
- cation, plus an.additional bit to identify this group as data from
LET~-I. This is necessarygSinée we‘shéfe the diﬁfcrential'pulse height
x//analyzers between LET-I and the HET. One éflevel iﬁ;eéral analyier'is
shared between Dl_and Dy D, E F. Sixheen-ascumulatérs are shared
_bétweenvtﬁc Qaribué”rates and sectored rates. ' :

C. High Encrgy Telescope:

.t Figure IV-3 is a!simplified block diagram of this system, and thé

‘logic is shown. Again each detector has ite own charge sensitive pre- @ =

amplificr, shaping amplifier and threshold discriminators. Detectors
A, B, and Cl - C3 each have two threshold discriminators selecting -
protons, and He and above, respectively, - : o

. . :
To discuss the logical arrangement, consider a particle entering ..,

~ . 2 N

ﬁhrough A, B. Pulse height analyzers 1 and %/anaiyze the A and ZCy SR
A _ At \\ o

pulseé respectively, while PHA 2 analyzes B or 035 depending on

whether one has a penetrating event (CB) or not. 1In addition to the

threec 10 bit addresses associated with an HET event, we require 2 bits

.4
o .

+ s
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b . . r e s ., .y .
| to identify the priovity mode; 1 bit to identify the data as HET; 1

i bit to determine if the PIA 2 address is B or C,; 1 bit to determine fﬁJ?WVW
; “if Cy was penctrated (range)g and 3 bits to identify the spin sectory Vwréf
in which the event occurred. The kime-sharcd priority modes listed

. pn Figure IV;3 refer to stopping pérticles (AéES), stopping heavies
_(ABE;; thresholds for le and'abovc), penctrating heavies ABC, (A and

25> ) C3 > 2x minimum), and all penetrating particles (ABC3). The many

o : . . . . .
= , rates listed will be internally commutated into registers.

; Note that while PHA 1, 2 and 3 are shown both on Figure IV-2 and.

V/}/ Figure IV-3, there are in fact only threehdiffcrential.pulse height
analyzers within the experimént and they are block s?ared between the
L;HﬁT and LET-I. SR .in.p:  e (
D. Electronics: . . .o
1. Charge S;nsitive Preamplifiers: Thé charge signals from cach
solid state detector are integrated and converted to voltage pulses in
’thqsc‘amplifiers which are similar to the units used success fully on:
IMP's F and G and 0GO-F. While Fhe existing noise performance easily
exceeds the requirements bf.any of the deteczbrs, modificagions'have
been made iﬁ.some units to"accommodaté the very wide.range over which
linear response is required.
2. Shaping Amplifiers and Linear Mixers:, Tﬁé voltage signals ffom
\the.preamplifiefs are shaped by activélybdifﬁeréntiating, integrating
and differentiating at_equal.time cons tants while.being amplified as
necessary. The Eimc constaﬁts will probably be éhoseﬁ to be ~ 0.8 usecs,

allowing for the charge collection time for some of the thicker dectectors

LS




nal~to-noise and high count rate

l.«.\?

while still giving adequate si
capability. The High Encrgy Datector also rcquifes a 1inear.mixer
to sum C1 and Cé }inéarly for pulse height analysis.

3. Discriminators and Logic Circuitry: Very stable, tunnel diode
"discriminators are usecd as thresholg deviceé to set up the required
logic conditions amongst the various detectors. We have used fﬁcse
circuits extensively in the IMP and 0GO scries. The coincidence/
anticoincidence logic which follows is quite conventional.

4. Pulse Height Analyzers: Fast integralbpulsé heizht analyzers
are required fo; LET-I and LET-II. The 3 différential pulse height
analyzers required are our standard units using a 2MHZ ADC. Conversioa
will be to 10 bits. The puise height analyéer consists of a linear

.

.gaﬁe, buffer amplifier, delay circuitry a;d‘the A to D converter.

5. Date System: This experiment uses ;n extcnsivg'digital data
system to acquire the mass of spectral ani flux informétion required.
"Nonetheless, the system is. low weight and low power. The baiic build~

ing-block used throughout the:system is an 8~bit counter wiéh companion
8-bit shift register, transfer gateé‘and control logic. One of thesec
is .used to accept each ADC output directly and together with the gain
change bit, makes up a 9-bit pulse height word. Three of the basic
blocks are connected together to form a 24-bit counter for the rate
"channels, and the interconﬁect of the shift reg{ster allows for
logarithmic compression to 10 or 12 bits. The inclusion of a shift

register for each counter register allows us to take data based on

. timing or sectoring information and store it in the shift register to

v ) »




avait telemetry. The same MOS technnlozy prososed here has been proven

by > 300 million device hours in space on IMP's D,'E, F and G with only

2 possible dcvicd.fqilurcs. Analysis has shown that it is improbably

that the fai}urc was in the MOS device in these cases. 'They are extremely.

reliable devices. The circuit layout and interconnect are exactly those

_.which have been used on IMP-I. A larger caip containing the circuits

of three present chips is currently undergoing qualification tcsting

for use on IM? H and J and the Planctary Explorers. I the qualificationf~

continues successfully, we would plan to usc the larger deviéesfto

simplify the interconnect and give us ﬁofe weight margin. ' .
6., Power Supplies: The experiment will requiré.ééproximately six

low voltages to supply the electronics systems and five higher voltage

biases for tte.solid state detectors. - These will range from ~ 25 volts

.to ~ 600 volts with a capability of up to 5w am er detector.
7 _ p v o e pp

7. Secctcring System: Since Pionecers F & G will supply sectoring

_pulses, we will use the see-Sun/Star pulse and the x8 pulses -to generate

_electronically 8 equalsectors in the rotation of the spacecraft, organized

around the detectors see-Sun/Star.

8. Solid State Detectors: All devices included ir this proposal

are commercially available devices which are procured to our rigid

-

specifications. They are then tested and analyzed in our special

..

laboratories. Our experience with these devices over the past &

years in QGO and IMP experiments has been excellent, Other experimenters
have had greater than 5 years successful flight history on a large group
£~

of these devices (Williams et al., 1963 38C). The extecnsive testing or

these devices in severe radiation environments by a group at the Goddard

[EOER—
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Space Flight Center (Love, Trainor and Williamé) and the National

" Burcau of Standards (Colemgn), has resulted in mgch new knowledge on |
how to best usec these devices (Coleman, Love, Trainor and Williams,
1968a; 1968b). This work is contiﬁuing, as is the collaboration with
Dr.. Joseph Coleman of NBS. When pu;chascd from a .reliable company to
a sﬁringcnt speeification and when cﬁrcfully tested and analyééd; we
have shown that these devices are excellent qdd reliable particle

detectors {or space research.

™

E. "Mecchanical Svstoms:

Our proposcd mounting for the experiment detector systems is shown
schematically in Figure IV-4. LET-I and II ére unidirectional and
look out perpendicular to'the spin axis as shown. If there were a need
to tilt them towards the spin axis in the awgy—from-earth sense, in
order to avoid a possible solar array ox booﬁ, this can be done.

On .the other hand, the HET is bi-direcctional in its response, anc
can tolerate only ~ 0.050 gm/cm? of material forward of detector A,
and ~ 0,25 gm/cm2 in ‘the back direction. Actually we intend‘to use a
multiple thin titanium foil approach, as has” proven successful on IMP
and 0GO. As shown in Figure IV-4(B), the detector assembly must be
in some sort of bubble'or enclosure outside the main body in order to get
the clear look angles. Additionally, if we werc mounted on faée 1
\(Figure IV(A)) and a boom was also extended aya&term this face, then we

would have to cant the detectors look come to the right or left to avoid

the obstruction.
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‘assembly to be quite close to the detector assembly.

these ranges are not observable in the data.

. 294

The specifics of the mechanical mounting (for the detector asscmblies)

. .
v

are quite unclear in our minds at this time, since spacecraft drawings’

‘are not available. Conversations with the engincering representatives

of the Pioneer project office have led us to assume that our detectors

$

will be mounted to our honeycomb baseplate which extends fram the ma

1

tin

body of the spacecraft., The -entire assembly will be enclosed by a
 bubble or a box-of some sort. We have included the weight of the honey~

comb baseplate within our weight analysis.

We estimate the electronics systems will require ~ 300 ecu. in. with
a large nurber of form factors available. The actual form takea can be

determined in.order to efficiently use the available space. In view

of the large number of wires carrying low noise signals from the detector

assembl it is clear that it is necessary for the main electronics
3

H

Thermal Requirements

‘The absolute maximum tempcrature‘must be less than 40°C to insure = :

long life for the solid state detectors. The Pioneer T & G compartment

specification of -20° to +90°F is acceptable, but we would prefer a
~f0° to +20°C region if a choice. is available. The performance of our

detectors and electronics are such that changes due to temperature over

s

G. Environmental Problems: f/

In addition to possible problems with micrometeoroids which we
have alrcady discussed, the possible problems of radiation damage

concerned with the Jovian encounter must be evaluated. Since this is
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intimately dnvolved with the trajectory, we can begin by saying that

we feel the trajectories outlined for Pioncer F and ‘Pioncer G .in P-200
are excellent choices. Additionally, the high encxgy clectron belt

predictions by Iggen are probably conservative. However, the proton

predictions Eggen which are repeated in P-200 are derived in a much

different fashion and are subject to huge uncertainties. In short,
we have no confideﬁcé that thebprotons will be limited to a belt as
suggested in fection 4.2.2 ong-ZCO but'ex§ect to find them throughout
the region where the electrons are shown as weil. At this.time we know
of no one who has been agle to predict the details of such a proton
belt;' Add;tiénally,”wﬂile Eggen's proton mndel déal;'with p%btoﬁs f;;;
100 KeV to 4 MeV, we are much more concerned with the protons from
~ 4 VeV to ~ 100 MeV, for instance.

The two most sensitive devices within this experiment to radiation

damage are the detectors themselves and the MOS transistors in the

data system. Integration of the electron fluxes shown in Figure 4.2.2

of P-200 leads to an integrated worst case flux greater than ~ 5 MeV :

of é'loll/cmz. This can be compared with an accéptable fluence of
14 2 .

~ 10" /cm“ of penetrating electrons before damage effects become

noticeable at all for our solid state detectors. Since we have no

energetic proton flux predictions, we can only calculate what is

required to'do-damage to our detectors. Det%iléd"radiation damage

testing on solid state detectors has been carried out at the Goddard

Space Flight Center over the past two years and is.continuing in

conjunction with the National Bureau of Standards. This work has




led to wo recent, comprehensive papers (Coleman, Love, Trainor and
Williams, 1968a; 1968b). For protons less than ~ 1 MeV, we can

17 pxo tons /6:m2

easily tolerate an integrated £lux or fluence of 10
in the way in which we operate thc'dctcctors. For protons with
encrgies greater than 4 or 5 MeV, our detectors could tolerate &
fluence of at least 1012 protoné/cm2 bcforcbany noticeable efkects
occurred. The Eggen proton model predictions would be several orders
of magnitude below these limits for a Pioncer T or G trajectory, but
as previously noted, we nave no faith in that model. Thus, waLel ik
seems that we have a comfortable margin, the fluxes there wili be
known only when someone sends an instrument there.

The case for the MOS transistors is somewhat moré complicated.

. e

They arc better shielded than the solid stute detectors, so that proba-

T

bly only protons with energies greater than ~ 30 MeV or electrons with

energies greater than 3 MeV will penectrate. Much of the 'solid angile

v

will be shielded even fr0m<ﬁbrekenergetic particles. With this in
mind,'we cstimé;c that thé‘clcctron qémagé effccts.Wi}l dominate, just
as in the case of a system orbiting in the Earﬁh's”radiatiﬁn belts.
Detafled work doné at the Goddard Séace Flight Center on the radiation

damage cffects of penetrating electrons on these MOSFETS has shown

2 2

1 "'v:
that they can tolerate X 10 ¢ electrons/cm of several MeV before

gate threshold effects begin to affect circuit performance. Flight
expérimenté,On IMP D, E and especially F have shown that the degrada-

tion effects measured in space for a given fluence have been smaller

than those measured in the laboratory for the same fluence (Woligang,

o i

.
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1968). This may be due to vate of irradiation effccts on the ground

or possibly annealing. 1In any event, it again scems that we have a

JSUN R, gyt e P ' P
comfortable margin, probably much greater t} /

. .
~ - (o) £ pemy IO I
il dn OrdCr OoX magniludac,

Rat

Of more concern to us at this time is the problem of "maverick

.

- semiconductor devices ragardless of their type. Since we will be

.

going. into a radiation regime more saovere than we normally have to

&

contend with, the problem may be severe. By the word "maverick! we

refer to those semiconductor components who individually are ovders

of magnitude more sensitive to the radiation damage cifccts of a
given fluence than the mormal device of that type. The data avail-
able to use.(New Moons Program for the use, of RTGfs'in space) sujgesis
that this is @articuiarly a proﬁicm witn bipolar traﬁsistors and
junction diodes. Our approach here has bgeﬁ to design an electronics
system that has many parallel paths lcading:to data’ou?put to the
spacecraft,kso that a particular device failire leads to a minimum
ioss of ihfofmacion from the experiment. Aiternatively, if d?sircd

by the project,we could use semiconductors which have been screened

by radiation exposure and test in order to discover such "mavericks.'

H. Electromaonctic Interference:

Qur past experience leads us to be confident that this experiment
will not be a source of electromagnetic interference. Similarly, we
‘are able to build this experiment so that'wg afe'virtually immune to
such interference. As an example, one of us has a solid state detector
expcrimcnf wifh thresholds set at 30 KeV and seeing no interference on
0GO-F, one of the dirtiest spacecrafé from the point of view of clec:td-
magnetic interfére;ce. ' '

SUREINS———
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I. Comnands:

i}

2. ) ' M 3 . ' 2 - ~>- ,_;
In addition to the nowxmal power command, we anticipate the use ofl b

e

T

two other commands in controlling various modes of the experiment. We

‘are assuming that the sharing of telemetry with Filluis et al., will
not require a command by this experiment.

J. TJelemeotyry Assignments:

Ouxr implementétion of this experiment leads to a desirable expecriment
data word of 12 bits. The data scheme worked out at the April 1969
Working Group teeting was to snsign a 12-bit block/frame to tais experi-
ment alone and to assign an additional, scquential, 27-bit block to this
experiment when the Univ. Cal. trapped radiation exéefiment is not on.
ft ig. anticipated that the Univ.lCal. experiment will be on .short time
each day when éoséible, and on all the time'at encounter,

We require that the 12-bit block preced= the 27-bit block, and that

we be furnished an "anticipate pulse" beginning one or two words before

our 12-bit word gate. This anticipate pulse tells the experiment to

stop data computaticns/transfers and freeze the data in the output

"registers in anticipation of readout. Similarly, we prefer the 27-bit

block to come to us as a 12-bit gate word plus a 12-bit gate word plus
a 3-bit gate word.

Internal to the experiment, we will commutate‘the various pha V///

addresses and the many rates into a synchronized'sequence of 12-bit

' N
words which aré read out as one word per frame og three words per

frame depending on whether the Univ. Cal. experiment is on oxr off

respectively.

'
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‘M. Project Engineer:

N. Quality Engincer:

-3 -

Tor housckecping and status measurements, ‘we require 4 analog subcom
words, 1 digital subcom and one bi-level iundicator.

K. Weight Analysis:

Our assignment of.4.3 pounds still appears to be adequate, but with
some uncertaiﬁty in view of the m$n§ unknowﬁs of the mechanical mount-
ing schemes., Additionally, As pointed out in our original bfﬁposal,
our -developed, proven circuitry uses many parts which are not on the
Pioneer Parts List, and chapges in many of tbese parts will significantly
affect the wcigpt. Most of the data systcm is to bé built using MSI/LSI
MOS. Most of the linear circuitry will be buiit using thick film

substrates, FEfficient packaging of these thick film circuits roquives

the use of low profile, dual transistors in T0~89 ceramic packages,
for instancc¢. A very detailed parts list, parts qualification and

weight analysis is in preparation. s

L. Power Requircments:

Based on a 28 volt, 1% power source to drive the converters, we

calculate the required power from that.28 volt bus as 2.2 watts.

As defined in Document P-200 of the Ames Research Center, the
Project Engincecr for this experiment is Domald Stilwell, Code 611,

Goddard Space Flight Center. ’ s

Mr, Harry Doyle, Code 312, Quality Engineering Branch, GSFC, has
been assigned tehporarily to oversee the quality enginecering aspects

of the experiment. The work of he and his associates to date has
) ] .
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consisted of a thqtoﬁgh'fovicw of the éxtensive Pionccrvquality
spccificatisnsﬂ Permanent assignment of a Goddafd_Q. E. engincer
to this experiment will have to await ceater manpower reviews which
should be cﬁmplcte ig early August, }9690 If Code 312 is not able

to supply the engineer, then we will con:ract fox the support;

-
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DATA POLICY:

In Section I uﬁdér "Correlative Studies'" we indicated the impor-
tance of knowing the magnetic ficld mégnitudc and direcction. In
addition the solar plaéma density and velocity would be important. We
would propose making portions of our data availéble on a short ;imc
scale or perhaps'on the original data tape. 'In return we would like to

obtain similar averaged quantities from the plasma and magnetic field

experiments.
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VI. Effccts of RTG

We understand that there is a definite possibility that a radio=-
isotope power supply (RTG) will be uscd as the spacccraft power source

on Pioncers F &G. To determine whether radiation from the RTG would

a

impair thke operation of our detectors we exposed some sample detectors

similar to those we will use in flight to the-radiation from a SNAP-27
- TR R TR Y

generator at TRW Systems. The devices used were a 25 mm2 areca, 50

2

micron thick silicon surface barrier detector and & 500 mm® area, 3 mm

thick lithium drift detector. Pulse hcight spéctra were taken at

various distances from the RTG. Integral count rate for these devices

at a distance of 10 ft. (the most probable distance in the spacecraft)

are shown in Figs. VI-1 & VI~2. The effects we expect on each of oux

detectors are outlined as follows:

;
1. LED: The data in Fig. VI-1 from the lithium drift device
is.relevant for the HET. From this data we expcct‘ghat
no effect will Be scen in the coincidence mode of 6§erétion;
. of the telescope (50-500 Me&/nucle;;). The background” .
dntensity from the RIG is much tqo small to produce any

accidental coincidences. We expect, however, that single

rates in all clements of the telescope will be affected.

. Our lowest threshold in these devices will be ~ 100 kev.

From Fig. VI~1 the count rate above this threshold from
the RTG will be ~ 60 cts/seé, A factor of four reduction

in this intensity may be possible by proper orientation

N i . .

i

P Y ST

AT T

. L S




P P L o i VN i L - N
oL tne RYG giving & rate of ~ 15 cts/sce. One of &

ac
functions of the singlc rates is a monitor of detector
perfotnance., The increased detectov baskground from
the.RTq will probably eliﬁinatc this as a useful
‘function. 1In addiéidn the s“nsitiQity of this rates

to small solar events will be recuced.

2. LET-I: The effects of the RTG on the LET-I will in
general be similar to those on the HET. The coincidence
: mode (3-20 Mev/sec) will not be affected, but the uscfullness

of the singles rates will be sipnificantly reduced.

‘3. LET-II: The data in Fig. II-2 (corrected for differences

in detector area and thickness and RTG orientation) predict
~ 1 ct/sec for a 50 kev Sy detec.or threshold. The dctecfor
sensitivity to protons'in the .U5 . 3 Mev interval (51 5} gé)
will then be reduced. Thé most serious problem occurs for
electron measurements in the Szvdetegpor. RTG background

.. will probably be of the ofder of 5. cts/sec. This will 7
.ceftainiy eliminate the possibility of galactic eléctron

measurcements in the J15 = 1 Mev interval and also reduce

Yo«

the sensitivity to solar electrons.

N .
1.
s

in summary, we expect no difficulties with protons and heavier
particle measurements in the 3-500 Mev/nucleon interval. 1In the 50
kev to 3 Mev region detector senéitivity'fo both protons and electrons
Qill be scriously‘ieduced. We would estimate that the total useful-

ness of thé experimént would be reduced By about 25%. For this



reason we would strongly prefer a solar cell rather than RTG space~

- ‘eraft power source.

t difficult to assess the cffects of shicld-

s

. At pfcsént‘WC*find.
ing. There are a large number of unknowns, e.g. orientation of the
RTé, positicning of our experiment in the Spacecraft; orientation of-
our experiment with réspcct fo the RTG, and spectral changes due ﬁo
passage through shiclding. We note that a weight estimate of 1.38 1
.of lead for shielding our experiment has’bee; made by TRW. This
cstimate apparently was only sufficient for éhiei&ing the LET-II

with no allowance made for the LET~I and HET. Even with the more
com?rchensive test data obtained by us we feel that‘it is still
impossible o make an accur;te shielding weight estimate. These

questions can probably only be resolved with a much more elaborate

testing program including a more accurate simulation of the ex-
) 3

perimental environment in the spacecraft.
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27. éaﬁxcéﬁ&v«

The GSFC experiment on the Pioneer spacecraft consists of the "Cosmic
Ray Telescopes" and their associated electronics.

1. High Energy Telescope (HET)
2. Low Energy Telescope 1 (LET-1)
3. Low Energy Telescope 2 (LET=-2)

The data derived from these telescopes are of two basic forms:

1. Pulse Height Analysis (PHA)
2. Events per second (rates)

The solid state detectors comprising each of the three telescopes are shown
in table 1.

HET 1ET-1  1ET-2

A DI SI

B DII SIT

CIl E S1la
CII F SIII
CIII

" Table #1 Sonlid State Detectors Names

The charge liberated, in the detector, by the passage of particle is
summed in a charge sensative preamplifier which produces an output voltzge
pulse whose height is linearly related to the incident particle energy ioss
in the detector.

The ouvrput of the preamplifier is then passed through a post amp where
it is given the optimum realizable shape for discrimination and analysis while
preserving the amplitude-~energy relationship.

The pulses out of the amplifier are fed to thelr associated linear elec~-
tronics card where they are differentiaily buffered andapplied to a hos: of
amplitude discriminators. The nominal detection threshold for each of the
discriminatcrs isshown in Table 2.

HET LET-1 LET-2
Discrim. Threshold (MeV) Discrim, Threshold Discrim. Threshoild
Al G.2 DI .2 SI .15 .
A2 2.0 DIy .2 (" S1 .15, “
g@ . 3,43 64 1ot L3s -
A ° 9 ;- .05
7 ® ’j
Y it . 1.4 A ? : .5
R . 2.0 % ( . 1.0
B 0.2 pIg 3.0 {  “SIg 1.5
C1 1.0 DIY .2 ¢y SII .06
J"F, [ ‘ 15
.}U‘ ) . 2.5
A 3405

CIII 0.2 El 2.0
*K1 13.6<T<36 E2 5.0 . SI1ia .2



Table 2 (cont.)

HET 1ET-1 LET=2
Discrim. Threshold {(MeV) Discrim. Threshold Discrim. Threshold
*K2 57<1<150 E3 9.0 SIIL o1
E4 40.0
F .2

= A+B+1.8 (CI+CII)

It can bte seen that Al, A2, El1 ....E4 are separate and simultaneous
discriminations while DI1...DIS8, SIl....SIS, and SII ...SiB are programmable
discriminators. These programmablc discriminators are slaved either to the g ¥
telemetry freme rate or to the spacecraft roll rate.

In order to examine as largea portion of the Cosmic Ray Spectrum as pos~
sible, and to distinguish between the varicus species therein, the experi-
ment has built in an elaborate scheme to share it's 32 available rate ccunting
channels and 3ix PHA channels. This is dons by imposing coincidence/anti~
coincidence requirements upon the pulses appearing in any telescope. Thase
requirements are now discussed on an individual telescope basis.

HET SYSTEM
PHA Data

There are four separate coincidence cenditions which will initia*e
pulse height : nalysis. They are:

o

f‘.fl) (AgKy or A4CI) BCIIL . N Vo o+ ho

R o { S b L. Cdon B00F ! AR N
' 12) AR, C€III . - ’ -
& a : ) & A
\\\\‘ [;( 3) AlAz BCIII —\ ~ ;" o A — (ﬁt . f‘ ,‘!L\ : _ f: ) f'// fel -
AN { Y —
VN Uay s, sern 3

- Since there are five detectors to be analyzed and the experiment has only
threeAchannels call them A, B, and C, the available channels are shared as
follows: 1If elither of the first two coinc1dence conditlons cause the andlysis,
CIII has no pulse, therefore; channel A contains the analysis of detector A's.
pulse, channel B the analysis of detector B's puise, while channel C contains
the analysis of the sum of the pulses appearing in detectors CI and CII two
coincidence conditions which cause the analysis, CIII has a pulse. Channel A is
switched to analyze this CIII pulse. The cther channels produce the same
analysis, :
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The PHA's are of the lincar, capacitive discharge type, using a gated
delay linec oscillator to produce a string of pulses whose frequency is ©66 KHz
and length (Channel #) is related to incident particle energy as follows:

A'
B

CI & CII
CIiI

0.2 MeV/Chanuel
0.2 MeV/Channel
1.0 MeV/Channel
0.2 MeV/Channel

In order to enhance the humber of rare particles analyzed, a priority
system is built into the HET system. The priority assigned to the four event
types is a function of the telemetry frame and is changed every 64 frames as
shown in Table 1Y,
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To uniquely "tag' a PHA event it is necessary to readout the "Seq. I.D."

and "External I1,D. bits'/ shown in table 1H. "Internal ID bits" is not read
out but this does not produce an ambiquity. Referring to table 1H for 51=52=0:
If I1=1 and I5=0 (lowest Priority) the event is the last A2BCIII event en=
countered (note that the system will continue to accept new AZ2BCIII events.
without shanging ID bits). If I1=0, I4=1 the event is the last (AlBKQGI)
BCIII event encountered. If I1=I2=1, (highest priority) the PHA's contain
the first ALBKZCITI eveént encountered Table 1H may be read in similar
fashion for the other. three combination of 81 and S2 where, it is seen,
the priorities are reorder for each combina:ion,
; As a further aid in determlnlng the sp2cies of particle analyzed the HET

electronic produces a 1 bit nj the CII threshold has been exceeded which is
also read out in the associated tag word.
A To meet the scientific objective of the CRT some indication of the direction ,
* of the incomirg particle is also necessary. Therefore, for each PHA event an
indication of the orientation of the spacecrait (one of eight possible sectors
is also placed in the tag word of PHA event.

Rate Data

The HET c¢ystem has assigned to it, 9 a:zcumulators (R;-R ) exculsively and
shares 8 accunulators (SR1) on a fifty-fift; basis with t%e 1ET-1 system. (See

Table ZH' \\.,,, “
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Referring to Table 2H it 1is seen that: only rate 1 is not commutated,
rate 9 is commutated between four rate equations by the bit labeled A/B,
and SR1 is commutated between two rate equations by the bits SS1 and SS2., All
other rates are togpled equally between the two rate cquations shown in Table
2H by bit A/B except rate SR1 which is controlled by bits SS1 and SS2.

Bits A/B, S1, and S2 arc derived in the cxperiment data system and their
periods are bit rate and format dependent i.e. A/B changes every 32 S/C frames
in format A, every 04 frames in format B and A/D, and every 128 S/C frame in
format B/D. S1 changes every other A/B and $2 every other 81. (Standard
binary ripple through counter) | . '

Bits SS1, $S2, and S8S3 also come from the data system but in normal V//
operation are simultaneously bit rate, format, and S/C spin rate dependent,

See data system section for operation of Sector Synchronizer. For the

present only note that in normal operation the S51, 852, and SS3 bits may only d

change after an integral number of S/C revolutions., Again SS1, SS2, and S$S3
are generated in a binary ripple counter.

IET~1 SYSTEM
PHA Data

There are two éeparate coincidence conditions which will initiate a
pulse height analysis. They are:

1) DIDIIF _ '
2) DIDILZDF

In IET-1 there are four detectors. Siuce only three channels (again A,

™

B, and C) are available they are assigned tc detectors DI, DII, and E respec-
tively. Since the above PHA equations require detector ¥ to have no pulse
nothing is lost. The 1ET-1 PHA's, like the HET PHA's are the linear, capac-
jtive descharge type using the fated delay Jine oscillator to produce 66 KHz
channel address advance pulses. The channel number is related to inciden:
particle energy loss in each detector as follows:

DI - 071 MeV/Channel

DITI - 0.1 MeV/Channel

‘E ~ 1.0 MeV/Channel

The IET-1 PHA system is, like the HET system, priority oriented. The VXV%

1ET~1 system operates in response to the S1 bit as follows:
S1=0 Analyze either type of event as often as they occur.
Sl=1 Analyze DI DII F type events as often as they cccur until & DI
DII ID event occurs, then analyze only the £D events until data is
readout. ' :

The S1 bit is the‘same bit that was applied to the HET linear electronics
and hence, changes every 64 S/C frames., v
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" Rate Data R .

The LET-1 éystem is assigned four rate accumulators exclusively -
and shares 8 accumulators with the HET system on a fifty-fifty basis
and 1 accumulator is shared with the LET-2 system on an equal basis.
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Table 1Ll shows that rate 10 is the accumulation of an integral amalyzer
which 1s commutated through eight levels by bits A/B, S1 and 523 11, 12, and
13 are commutated two ways between the indicated rate equations by bit A/B.
Rate 14 has 4 levels f communication in the ILET~1 system and another four in
the 1LET-2 system for a total of 8 levels of commutation controlled by bits
A/B, S1, and S2. SRl is commutated through the last two, of four levels, by
bits 551, and S52, The other two comutator positions are assigned to the HET
system./ ¢}

IET-2 SYSTEM
PHA Data
There are no pulse height.analyses associated with the LET-2 telescope.
Rate Data

Three rate accumulators are dedicated to 1ET-2 data while one accumulator
is shared with the ILET-1 system on a fifty-iifty basis. (See Table 112.)

Table 112 shows that R14 is assigned to LET-2 for the last four of it's
eight levels of commutation. The commutation of R14 is controlled by bits
A/B, S1, and $? from the experiment data system.

R15 and R16 are commutated through four levels each, as shown in table
112, by bits AL/B and S1.

The sectored accumulator SRZ is switched between eight rate equations
by bits SS1, ¢52, SS3, from the data system.

Sectored Rate Accumulators.

SR1 and SR2, in addition to being commutated through their respectiv:
energy levels, are directionally resolved into eight equal sectors of 459,
The sectors are generated as the spacecraft spins with the first beginning
at the time fo the roll index pulse. Each sector is assigned a separate accum-
ulator, NG

-
}

A -
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Data Format

The Pioneer spacecraft data formats for format A and format B are
shown in Figs. D1 and D2,
Vo dg it a
e G .
1 2 3-8
MODE Pﬁ%;
ID D FRAME SYNC -
/y’ Y 10 ;//v/}( /// I 12 13 :j;z;// /15 &//}fls
// 7, e / // R 4 ; /
/ / /ir ) : / / pd / i /
%] 18 t 19 [ 20 21 22 | 23 i 24
/ /
Ea Ca
/ /// i | é
25 26 27 |28 pE) |30 31 32
Ca. Da
- 1 1 | * | !
33-34 34-36 37-38
FORMAT SUBCOM ENGINCERING
ID ID SUBCOM
%jiyf | 42 j//j;is i " ius iu6
i 7 ol 1 -/ // _%_ i
49 50 51 i 52 53 54 55 Isg
- Aa Ga
! { § H |
57 58 {53 i 60 61 162 63 16y
Ga Ba
] | | { i i
Fig. DI 5/C Mainframe format A _ 2 2 4
: 4 ert ?«' i A
b y
"%r' \J,( i
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g, -11-
AT
1 7 38 )
, BIT
| MODE R}"Tf FRAME SYNC
* 1D 1D
- 10 11 BY T /7 /
i /////// 7
| | | !/
119 120 {21 2%
Ca
| ! | ! [
} 27 28 24 130 37 Y
5 Ca Da
] ! | | |
3334 34 36 37-38 3&{;\&[ \\\s
FORMAT SUBCOM ENGINEERING \}ﬂwg\\
1D ID SUBCOM UEsO! t
i \ NN\ \
71 T2 143 I 4y w3 lug u7 48
Fa, Aa
! ] | |
) {50 5] 52 53 —‘?u 55 ise
Aa Ga
| ] ] i !
57 58 159 ls0 Ie: l62 63 N
Ga Ba B
-~ ] ] i 1 j ]

Formats A and B are only operating modes in which experiment data is “
outputed to the spacecraft, The words shown crosshatched are allotted to the
GSFC experiment. It is seen that the CRT receives three M/F 12 bit words in
format A and one S/SC 6 _bit word. 1In format B there is one 12 bit M/F word
and on:S/SC 6 bit word. the S/SC word is only present (to the CRT) in one

©of each 64 mainframes and will be used as a starting point and synchronlzation

,check in interpret*ng the output data. ¢
P b LA e
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Format A

words

Ec, Ef, and Eb.

2]2e

these words within the instrument.

S SEQ ID
R SEC ID

H

SECTORED RATE SEQUENCE 1D

UNSECTORED RATE SEQUENCE 1D

o

As showp in Figure D3 below the experiment is assigned three M/F data

Further Fig. D3 shows how the data is assigned to

O RATE WORDS ARE 24 BIT LOG COMPRESSED TO 12 BITS.-

e

% SEE EIGURE 3.1.1:z2 = B dha—
' = = i E-1, 30
Uls/c WORDS! MF, 9-12 | MF, IU-17 | MF, L1-44 , i
R - - 2 51 I
S \NEIGHTING 2].1 219_21'20 211210__‘212?“” P——_‘—M.—V«%‘ZZ! .d—-ehcz'— 2 go :
‘& [TYPE DATA PHA " PHA RATE RSEQ 1D| SSEQ 1D
8 n Lev-B | LET-c. | R1g 4000 [RRX
1 n+l { | *HET-TAG HET-A 51-" T b /
' n+2 {{ HET-~-B HET-C SI- \‘ ‘\‘.\ /J' ) ) s
@i nt341 RLET-FAG | LET-Ao Sy ™ A
= ' Fiiy "N N e
I on+by LETEB LETCyv 2 | S1 51} |
< n+5 | BHET-TAG HET-A sl ™ |
} : ' ~
f I . . ~.,
\, P P ) M
TS S S S > W
‘m | n+8 LET-B  LET-C | si v a. . -
B -
AN “HET-TAG HET-A S §
o . i
“ ' n+10 | HET-B . L HET-C | $2 -2 .
(\" f - ] ] ) ~
~ 7 - N .
| Ta*15 [ HLET-TAG LET-A 52 _ 1
' : n+16 |7 LET-B LET-C o s2 g | |
! "n+l7 | RHET-TAG HET-A R1 o ¢
: J N
b
n+31  ¥LET-TAG LET-A R15 ,
n+32  LET-B LET-C R16  lcof !
L. . S — -~ - .
5 n+33 HHET-TAG HET-A s1+ |
S e ! ~
’\\\\< ¢ (~§ Q ~
-~ ‘ / P \ &\_ } “?‘Z—— . "“T(:. 3 i
n+61U LET-8B LET-C | R1.6_>_. 010 X g(_}_(_m‘
Ta n+65 RHET-TAG HET-A 51 : |
! ' -— P e e - ’
< I \:> <L\ .. -, ~
2 = ' ,
by n+l2ll LET-B . HET-C R16 100 XXX
[ e i . —

Figure D3-Data to Word Assignments GSFC/CRT
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If frame number N is arbitrarily assigncd to the one frame in 64 whi(h bf
the CRT is assigned the SSC Wd (Wd 30 FMT E-1), we shall let the data framas
begin with the next frame. 1.e., N+1 in Fig. D3. ,

In Frame Nt1l, Fig. D3 shows that word LEc contains HET tag data, word
Ea contains HET-A {(A=DetA of Det CIII. See EET PHA section.) PHA data and
word Eb contains sectored rate l-sector 1 (SEi~1) data,. In frame N+2 word Ec
contains HET B (Det B), word Ea contains HEI-C (TDFTCI+DETCII), and Eb cou-
tains SR1-2.

In frame N43 LETml PHA tag data 15 read out in word Ec. Word Ea contains
IET~A (Dect DI}, while word Eb continues the rate data: SR1-3. 1In frame
N+4 LET-1 PHA data is continued in word Ec, 1ET-B {(Det DII), and word Ea,

LET-C (Det E), while word Eb has SR1-4.

In frame N+5 words Ec and Ea return to HET tags and HET~A and the frame ™
sequence continues in the manner mcdulo four. Word Eb, however, continues ;
to sequence through SR1 (-5, 6, 7, and 8), Sk 2 (-1, 2, 3, 4, 5, 6, 7, 8) P
ond unsectored rates 1, 2, 3, &4, 5, 6, 7, 8, 10, 11, 12, 13, 14, 15, 16. (See g
sections on HET and LET rates for the rate equation of these rates {u terma g
of detecter outputs). At frame N+33 word Eb reads out SR1-1 again and the
rate data has come full eycle in 37 frames. At this time the A/B bit is changed
and the unsectored rate accumulators step to count on the next, in its par=- T
ticular rate equation sequence. The cycle continues, this way for 31 more
frames at which time (N+64) the S SC Wd is again applied to the CRT experiment
and the complete data cycle is begun anew with the next (N¥+65) frame. In this
new cycle (64 frames) the PHS*prlorlties have been changed (See HET and LET PHA
sections) and the rate accumulatora are once again advanced to the next rate
equation,

The experiment conxirues in this manner as lomg as the spacecrsft ig in
format A. ‘

A description of how to extract the exact rate equation for each word
Eb readout and how to establish the exact source of the PHA readouts will be
given fsllcwing the Format B section.

Format B

Since the CRT experiment now recelves only one M/F word and it was no:
desired to sacrifice one type of data for ancther it was necessary to readout
both types of data in word Ea. This was accempliished by alternating the 32
raté readouts with 8 PHA cvent readouts. NOTE: 1 PHA event is readout: in

-4 words therefore 8 events tske 32 frames. . ) , P R
; o P R _/,u 76 2eeke e p il 10 s :»“""?-f!’(:,/

N ; ; .
¢ b AR {v-.,/}»,.,‘g/, »

L

7 ;f:’" e vy
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Figure D4 shows the word assignments ir Format B. °
y ls/c worps | MF, 14 |MF, 15 |MF, 16| MF, 17 -1, 30
e ) 2 5150 e
s [WEIGHTING| 211 218-(PHA patay-2" 2227 27 27| ol 4| o 5,1 56
e |WEIGHTING Mol bits log compressectol2bitd
9 1TYPE DATA| RATE OR PHA (as shown) Rseq I0 Sseqln
T8 a LET - B 0;0jo0jx X X
1 R R LET -C S
n + 2 S1 -
Q ""_—’—‘——_‘7“-"‘“ - W e e . <
> . ~ —
n- 9 S1-% |
n - 10] 52 -1 |
‘ 52 <8 ' <
> i« > -
| o n +.33 R16
uwj L
| %3 n+ 34 FHDT-TAG
zZ | n+35 HET-A
NS S S >
1 1Y n+ 42 ¥HET -TAG %
< | -~
= — !
| in + 43 HET-A |
' ~ <7 AL
>SN > _ S ‘!
s 64| LET-U- ILACEEREE S
. Figure D4 Data to Word Assignments Format B GSFC/CRT

o
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The sequence of rate data readouts is chronologically thc same as. in

format A, however, it should be noted that cycle begins owe’ frame late with V///fﬁz;

respect to the $8C Wd, i.e., SRI=1 now i3 read out in the second frame fola
lowing the SSC Wd. (frame W+2). Following the rate data come 32 frames of
PHA data, N+34 to N+65 and the SSC Wd {s once again received from the S/C
and the experiment begins into cycle once again with SR1lsl,

Form A/D B/D:

Data Synchronization Wv; {r

4s was seen in the HET and LET descriptions the bits which control rate
equation a given rate readout was accumulated under is controlled by the bits
A/B, S1, and S2 for unsectored rates and SS., SS2, and SS3 for sectored
rates. These bits are readout once each 64 frames by the SSC Wd (Wd 30, E-2)
in the format shown below:

{52-S1-A/B-$53-552-551

The unsectored rate counter is advanced each 32 frames on Format A and each
64 frames in format B. 1In addition, in format A the unsectored rate counter

1SB is reset by the SSC Wd and will therefore be equal to zero at readout time.

The number readout in bits (52, S1, A/B) will always advance by two and be an
even number (i.e., A/B#1). 1In format B this flip-flop is not reset and will,
therefore, advance by one each 55C Wd readout,

The bits 351, $52, and SS3, of the sectored rate counter are dependent

upon the S/C spin rate and therefore may change asychronously with the 52, _ g

81, A/B bits. Therefore in order to give a closer indication of when the |
counter was advanced the SS1 bit ot the counter is readout as bit #7 (LSB+S)
of the HET-tag word (See Figure D5). The criteria applied to determine which
rate equation 3 read out sectored rate was accumulated under is dependent on
whether or not the experiment has its sector synchronizer on or off. The
status of the s.s. 18 found by examining bit 8 (LSB+4) of the HET~tag word.

Sector Sync Inhibited

The sectored rate data should be treated in the same manner as the
unsectored rate data, i.e. the S seg ID readout in Wd 30 (SSC Wd) indicates:
the rate equation under which the following 16 sectored rate readouts were
accumulated. E.G. If the S seg ID in Wd 30 were 3 this would indicate that
‘the following sectored rate data were accumulated as follows:

Sectored Rate 1 = SID = DIDIIE F. e
Sectored Rate 2 = S2D= SI3'SII S11a STIT 4 I T A

]
/
/
{

The sectored SEQ counter is advanced every 32 frames, therefore, the next
gsectored rate data readout were accumulated under S SEQ ID-4. It is NOT
possible to have redundant readouts with sector sync inhibited.
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Scctor Sync Net Inhibited

In this mode the internal secctored SEQ counter can only be updated at
the time in the telemetry frame when unsectored rates are being readout and a
prescribed number of S$/C rolls have been completed.
To obtain sync with the sectored raite data one proceeds as follows: ‘Hfﬂ@}
Note the reading of the SSEQ ID previously noted in Wd 30 (S8SC Wd).4if bit 7 == '~ ..
does not change state the data in the following sectored rate readouts is '/
redundant and should be discarded). Bit 7 of HET~tag Wd should be contin- f//
uously monitored for state changes and S SEQ ID mentally increased by one for P
each change noted. A check may be had at each Wd 30 by comparing S SEQ's ID.
As an example suppose the S SEQ ID in Wd 30 were found to be 6 and durlng
the next 32 frames examination cf bit 7 of HET-tag Wd showed no state changes.
The following data in the sectored rate words whould be rejected as redundant.e
SEQ. ID 5 Dataf in the mext 32 frames b:: 7 changes state, {change the mental
S SEQ ID to 7) sectored rate data this foi 3ow ng readout would be fresh data
i? (;and it accurmlated under § SEQ ID = 6. Scctored rate = 1= SIC=DIDIIF sac~-
ored rate ¢ = S2G=ST SII3 SITa 511I. At the follewing word 30 (SSC Wd) the
_S SEQ _ID should be verified: It should read 7.
In order to know the type of event (H:c HET and LET PHA sections) xgadout
\ in the PHA words the event is modified by lts accompanying tag word, F;g- A
\ ure D5 shows the format meaning of both th2 HET and LET tag words.
\ , "

RN

i - BIT 12 3|4 567 9lind i

WEIGHTING 28 2120000 101 20 [po] 20

!

HET-TAGS sec. 10 IR .3559, S 1SS 00200

WEIGHTING | 22 21 20] 20/ 20 20 20 Do 20 20 20 20

LET-TAGS {SEC. Ipf@iy )V V1Y 1 1 1 1 1

- - H s

NOTES:+ -~ = e
A).k "WHEN BIT
WHEN BIT

0: HET-A = DETECTOR A -
i HET-A = DETECTOR CI11 N
) A IR e S b LA
{ N = 3
HIGH/LOW PONER 5 0 0 = micmdmibn Lo 1o 7

. C) 0O ANALYSIS CONDITION

% . D) R RANGE (0/1) T 1

E) S LEAST SIGNIFICANT BIT OF SECTORED RATE

SEQUENCE 1ID. :
£) $5 = SEETOR INHIBITED (€ 'S terghks
S5 = SECTOR SYNC 07 TNHIBITED .

G) LD = jf /f'qavpz?,¢4»;£;~_a D

P

H
1]

£ MWM

0 A epenled
.CEM 74""‘”'-1/‘/é

Fig. D5 HET & 1ET Tag Words

REa iy S P SR s
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The sector in which the event was encountered is found in bits 1, 2,‘

and 3 of the tag words.

For a LET event the tvpe of event (ED of ¥D) is

revealed in bit 4 (the rest of the LET tag word is filled with ones). For
a8 HET event an indication of the contribution of the CIT detector to the
channel number readout in the HET-C (FCI+CII) is found in bit 4 of the HET tag

word.

The type of
and 6 of the IET
I1f a zero' HET~A
more information
when modified by
‘description).

: Bits 7-8~9 of the HET~-tag contain information on whether the sector sync
is on or off (bit 8), when the bit SS1 toggles (bit 7) and whther the ex-

periment is in the high power mode or not.

If the CII threshold (MeV) 1is eoxceeded the hits is 1 if not, a zero,

event that triggered the HET analysis is contained in bits 5

tag word.

If bit 5=1 the HET A detector CIII is output.

1s related to detector A's output. Bits & and 5 provide
as to the coincidence conditions resulting in the analysis

the

of HET tag word are unused,

51 bit readout in SSC Wd (see HET PHA section for priority

{bit 9=1 for high power) Bits 10=~12

ANALOG DATA SYSTIMS

The analog outputs of the CRT experiment together with the experiment
connector (0834-J1) pin number are shown in Fig. AD1 below.

These analog output on pin 27 is an eight

24
26
27
28
29
30

Pin Number

SC WORD
(FMT, E-1) Data ,
wd 25 . Power Supply Mou (Temp)
wd 28 DET Terp (ARC-Therm)
~Wd 26 Power Supply Mon. (Voltage)
wd 27 Calib on/off
wd 29 4RV Mon

Bit Wd 24 CRT Status

level commutation of sevén

voltage outputs of the experiment power supply and a ground position. The
voltages in order of commutation sre:

1)
2)
3)
4)
5
6)
7)
8)

ov

+12v
+7.75V -~
+6.25V
+4 .6V
-2V
-6.25V
~12v

A1l voltages are converted to the range 0.0 <V<3.0 before they are sent
to the spacecraft quantizer,
The out-put on pin 28 indicates whether the CRT is being stimulated by
it's internal calibrator. (OV=KNO; 3V=yes)
The output on pin 30 supplies confirmation of the format in which the CRT
is operating and, of course, should agree with that of the S§/C. 'Pin 30=0V for
format A and +3V for format B.
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The output on Pin 24 comes from a thermister mounted directly on the power
supply=-input regulator-series transistor and serves as an indication of the
dissipation of that device.:

The output on Pin 26 comes from the Project Office supplied thermister
which 1s mounted directly to LET-1 telescope housing.

DATA SYSTEM

The data system of the CRT may be broken up into two major areas:
The "COSMIC RAY INTEGRATED MOSFET PROCESSOR' (CRIMP) and the IN:ERFACE DATA
SYSTEM (IDS)

Crimp

The Crinp system is a design using 1SI MOS technology to produce a logical
building blecck normally referred to as a ''bug.'" Some of the '"bugs' used
in the Crimp are:

. Universal 4 bit MOS commutator C-1074
. 10 channels of switch C-1070

. Tree Bug

. Mars bug .

. ATX, most bug C-~1276

(S, I~ B S IS N RS

The hearts of the Crimp system are the Mars bugs which each contain a
24 bit accumutator, a 24 bit to 12 bit logarithmic compressor, readout
gates which with suitable control produce the 12 bit compressed word as 3
bytes of 4 bits each. The compressed word is generated on command by dis=-
connecting the accumulator ; put, transferring the contents to a bit
shift registers, shifting =i until a "1" is found in the MSB of the register
or 31 shifts have been made; counting the number of shifts required in a .

5 bit counter, reading out the counter as the first five bits (characteristic)
and the 7 MSB's of the shift register (afier discarding the ''1" in the MSB) as
the last seven bits {(Mantissa). It is seen that if the numbers accumulated is
greater than 255 there will be some uncertainty in the number due to truncation
from the left. Appendix A contains a listing of all possible outputs of rate
data together with the uncertainty in the number read out. Included are octal
and decimal representations of the rate number read out - neglecting the fact
that it is compressed. ;

The Crimp also contains 6 PHA data accumulators of 12 bits and associated.
with each accumulator are 12 bits of interim storage, 12 bits of read out
storage and necessary gating to sequentially produce, on application of
control signals, the 12 bit PHA word as 3 bytes of 4 bits each. The PHA data
is straight binary number representing the number of pulses produced by the
HET or LET pulse height analyzers. Each LET or HET event has also a 'tag"
word associated with it which is formed in the IDS and shifted into readout
storage with the 3 PHA words it modifies.

The Crimp contains circuitry necessary to produce the data format of the
CRT. In a 6 stage binary counter, which is reset to all "1's" the the SSCWd
(Wd 30 E-1), the Crimp keeps track of which frame it is in and sets up linkage
to; the proper words (format A), or word (fromat B) to be read out in that.
frame. In format A the CRT receives three 12 bit words per frame making it is
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necessary to know where in the frame you are. For this purpose the Crimp

has a sub counter (3 bit-set to all "1's" by the SSC Wd) which modifies the
coarse address generated by the 6 bit counter reading out the 8 words

of PHA data. Sectored rate (SR1 and SR2) accumulators are selected on the basis
of 3 binary weighted lines from IDS which are decoded to one of eight lines

by a "tree" bup in the Crimp. These Iines in conjunction with a low 'go"

- signal from IDS enable the Crimp to sequentially select the eight available
accumulators are frozen.

INTERFACE DATA SYSTEM

The functions of the IDS are fourfold:
1. Provide specified impfdence matching at the S/C-Experiment in-

terface.
2

2. Provide interface between the MOS of the Crimp and the T“L of
the 1IDS,

3. Generate all necessary timing and control signals for operciion
of the experiment in gathering data.

4, Generate necessary timing signals to output data to the spzce=

craft date system,

§/C Experimen: Interface

The IDS mcets the required interface sprcification fhrough the use of
discrete amplifier on the input signals and discrete passive components cut=-
put signals,

Crimp-IDS Intarface

The IDS mukes the voltage level shiftsnecessary between the MDS logic
levels of the Crimp and its own transistor-transistor logic through discrete
‘component inverting amplifier on all lines crossing the interface.

Timing and Control Signals

The IDS prewides signals to both the linear system for PHA, control and
rate commutation, and to the Crimp for accessing and fetching data for read=-
out to the S/C.

The PHA's, their respective counters and tag registers in Crimp and IDS,
and the control signals operate as shown the simplified block diagrams and
timing diagram, figures IDS 1 and IDS 2.

Energy loss data from each PHA, only one of which is shown, consists of
number N of logical pulses, (denoted GPT) which are counted in the 12 bit
MOS counter. One additional Tignal from each group of three PHA, designated’
HET BUSY or 1ET BUSY 1is a pulse whose width is at least as long as the N
pulses and therefore brackets all pulses to be counted. This signal indicates
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when the analyzers are busy and is used to inhibit any other analysis from
overlapping the one in process. The TE of BUSY also initiates the transfer.
and reset pulse which moves data from the counters to intermediate storage and
preparcs the counters and PHA's for future analvsis. The identifying tag
bits associated with each event are strobed into the tag bit register in IDS
shortly after the 1E of BUSY. Subsequent events may be analyzed and written
into intermediate storage, erasing all previous data. This is controlled by
the priority system discussed above.
q ( Once each 4 frames in format A or each 8 frames in format B, immediately
~ \_prior to a PHA event readout. The PHA's are inhibited so that no analysis
can take place, and the STU 32 KHz folck (after being divided by 2 to produce
16 KHz)} 1is used to serially shift all data for both HET and LET events into
readout storage. This data is fetched by Crvimp under control of IDS in ex~
actly the same way as rate data, i.e. by addressing each register sequentially
and causing its data to be gated onto the output data bus. This is discussed
in more detail later,
, IDS also contains two counters, each withk a capacity of 3 bits, which
/‘control commutation or rate data within the linear system. This allows th=
W 32 rate counters of Crimp to be used for courting many more discrete coinci=-
dence rates from the various detector systems. Since the rates are basically
of two types, sectored rates and unsectored rates, these two counters are
called the sectored rate sequence counter (SES) and the unsectored rate se-
guence counter (URS). The commutatuion sequence of each has already been de=
scribed above. Operation and timing of each is described here.

The unsectored rate sequence counter is advanced by one count at the eund
of each unsectorved rate accumulation interval as defined by the telemetry
format in use. In format A, this occurs once each 372 main frames on the L& of
the first Main Frame Word 14 17 (Ea) followiny the occurance of the subcom
word E1-30 (SS8C Wd) and 32 framesg thoreatfeL. The advance pulse also initiates
log conversion of all wunsectored rate counters so that, on the TE of Ea, uew
rate data is converted and ready to be fetched for readout in MFWd 41-44 (Eb).
The URS is always advanced every 32 frames in format A. In format B URS is
advanced every 64 frames, also on the first main frame word Ea following the
subcom word E1-30. The unsectored rate data is thus converted and ready to
be fetched on the TE of Ea for readout., The rate_data readout cannot commence
on MFWd 41-44, ae it did in format A, however, because Ea is the only word
present. Thus, in format B readout of rate data commences on the second Ea
after £1-30. ' : ' L

In contrast to the above, the sectored rate sequence counter (SRS) can v,
advance on one of two signals, either synchronously with the URS as described
above, or in accordance with the Roll Index Puise (RIP).  In the former case,
advance of SRS is synchronize with telemetry and has been fully described
above. In the latter case, advance is synchronized with the S/C spin. One
of these two signals is specified by the sector synchronizer command flip-~flop
and is indicated in the HET~-tag word, - ;

-

-
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When the sector synchronizer is cnabled, the sectored counters are allowed
to accumulate for an integral number of complete S/C revolutions. The number
of rolls is dependent upon the bit rate in use and present into the roll counter
at the beginning of each accumulate interval. The roll counter increments by
one on each RIP until the specified number of rolls has been completed. On the
last roll pulse of each accumulate interval, a flip flop is set which enables
the next Main Frame Word Ea in frames 17 through 32 or 49 through 64 initiate
sectored accumulator datatransfer and log compression. The next accumulate
interval begins on the first RIP following data transfer.

Data transfer is not allowed during frames 1-16 or 33~48 (Mode A) be-
cause sectored rate data in readout storage is being shifted out to the S/C.

If transfer to readout storage was allowed during a sectored rate readout sequence.
Two sources of error might arise. First, suppose the last RIP of an accumulate
internal occured in frame 7. 1If transfer were allowed, the data transmitted

to the ground in frames 1-7 would correspond to a different accumulate interval
than that readout in frames 8-16, Recall that the sectored accumulators are
commutated between several different rates, hence, adjacent accumulate inter=-

vals do not correspond to the same rate inputs. Allowing transfer as supposed
above would intermaingle two intirelydifferent coincidence rates in the data.

Secondly, if transfer were allowed during sectored rate readout, i¢ i§ pos-
sible that a complete set of 16 readouts would be interrupted if the last RIP
occured during the first readout of the sectored data. This can happen if
the prescribed number of rolls for a high bit rate (size 1024 or 2048 bps,
in which case m=31 is preset 1into the rolls counter, and the S/C is subsequently
commanded into a lower bit rate in which the readout sequence is very long
compared to cne roll period.

iormat B, shows sectored data trnsfer is also inhibited &pring those frames
in\shich rate data is being readout to telemetry. The frame numbers when
i transfer is inhibited are m to m+3Z, which is different than in format 4.

One last feature should be noted. It is very likely, indeed it is desired,
- that the accumulate interval for sectored. rate data will be longer than the
. readout interval, hence data for a given intervals will be repeated in the

-, telemetry., This redundant data may be used for bit error checks in the proces~

sing system, but cannot be included in the rate averages. It is easy toc identify
which data is_.a repeat of old data and which is new data by use of the ISB
of the sectored rate sequence counter (SRS) which is readout every four frames
in HET-tag. This bit will change state every time SRS is incremented.

The contents of the two 3-bit counters, are readout fully in the subcom word
E1-30. On the leading edge of E1-30, the state of each bit is stribed into
a six bit shift register and immediately readout by the S/C. Advance of
either counter must H™e at the time of Main F ame Word.Ea, hence, no error due
to strobing during counter transition is possible. (See Data Format Section for
information on how to obtain data synchronization.)

i
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2%1t
2512
2813
2814
2€1%
2515
2817
2520
2521
2822
2723
25246
2525
2524
2827
2530
2531
2832
2533
2534
28358
2835
2837
2540
2=4i
2582
25473
2564
2%45
2EAR
2€8 7
2850
28F1
2ER2
2553
2884
PRES
25855
288>
2860
25£1
2582
251
2864
2568
28484
2<6”
2870
2571
2872

1343
1384
1345
1386
1347
1348
1340
1350
1381

1352
1353
1352
1355
1386
1357
1358
1350
1360
1361
1362
1363
1364
1365
1366
1367
136AR
1260
1370
1371

1372
1373
1374
1378
1376
1377
1378
1372
1380
1321

1382
1383
1388
1325
12186
1327
1388
1380
13%0
13191

1392
1303
1394
1395
1396

132~
1308

‘1309

1200
1401

1102
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CAUNTS UNCERTAINTY

| E AT
18122
1"103
te2n
ie324
163A%
16513
1eFa g
1674 a
18807
1702°%
17183
17281
1740Q
17837
17R6%
17703
17021
1R04A D
12177
1R3CH
18433
1886 1
18620
18817
1804 %
19073
tez2ct
19329
19457
1954895
1671 3
19844
feoR o
20097
20225,
20353
2049y
20A0C
20737
208F£S
205}03
21121
21204
2137~
21808
21633
217F 1
21239
22017
22145
227273

22401

22529
22R57
22785
22913
23041
23180
23297

53
a3
63

8]
w

s
h N N
N N

~
N

il e
NN N IDN
L IR IR B B BN

127
127
127
127
127
127
127
127
127
127
127
iz7
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127

127
127 .

TAMORE SSED OQUTPUY
(OCTALY:{(DECTMAL)
. 2573

2R74
28758
2878
2877
2200
2201
2202

220%

2204
220%
2204
220~
2210
2211
2212
22173
2214
2215
2215
2217
2220
2221
2222
2223
2224
2225
222%
2227
2230
2231
2232
2233
2236
223
22356
223>
2280
2241
2242
22463
2248
2245
2244
22&‘?
2250
2291
2252
223
2254
2255
2256
2257
2260
2261
2242
2263
22RA
22K9
2265

1203
1204
130%
1% 06
1207
1152
1153
1154
11 88
1155
its”
1158
1150
1180
1181
i162
1163
i168
11€8
1166
1147
1168
1160
1170
1171
1172

1173

1174
1178
1176
1177
1178
11 7¢
1180
11t

11873

11R”3
11 R4
it as
11 R6
1127
1188
1t ae
11350
1191
1192
1193
1194
1195
11986
1197
11998
1199
1200
1201
1202
1203
1204
120%
1206
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COUNTSE UNCERTAINTY

2342¢=
22=873
23RS
23802
23037
24055
26 {3
26321
24 80.Q
2a877
2A 70N
26813
2496 1
28012
28247
25368
28473
25601
28720
25 [-39rd
2500 &
26113
26241
26359
26427
26625
26773
26071
2700
27137
27268
27393
2721
27640
DPFTY
27ens
2r03 Y
28141
2a2r0
28417
28865
2RR73
28801
2R029
20057
29185
20313
20641
20869
20607
26825
2GG5 3
30001
30200
30337
30455
30593
20721
30869
30977

127
127
127

127

127
127
127
127
127
127
127
127
12~
127
127
127
127
127
127
127
127
127
127
127
127
127
12~
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
12”7
127
127
127
127
127
127
127
127

CAMPRESEEN NUTPUT

(ncTaAL)
22F7
2270
2271
2272
2273
D2OTHA
207®
227&
2277
23092
2301
2302
2303
2304
230"
2306
2307
2310
2311
2312
2313
2314
2315
2316
2317
2320
2321
2322
2323
2324
2325
2325
2327
2330
2331%
2332
2333
2334
233"
2335
2337
2340
2341
2342
2323
23586
234%
234K
2347
2380
2381
2352
23%3
234
23S
23%6
23587
2380
2348
23R2

(DECTMALY
1207
1208
1200
1210
1211
1212
12132
1214
1215
1216
1217
1212
1210
1220
1221%
1222
1223
1224
122&
1226
1227
1228
12209
1230
1231
1232
1233
1234
1235
12346
12 37
12 3R
1239

1280
12481
1242
1243

r 1264
1245
128 &
1227
12498
1280
1250
1291
1282
1283
1254
1?2 88
12 56
1257
12 88
12850
1260
1261
1262
1263
12 6A
1268
126€
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COAUNTS UNCERTATNTY

31109
31233
31361

31489
31617

33745

318273
32001
32i2°
32287
32387
32%1 3
325481
32743
3302%
33281
33537
3I3TOR
34020
32 30%
Faney
Ias]T
35073
3832¢C
E?QSQF:
3E8al
BEGP
380573
36500
JHNAE
373i21
37277
37R373
37/AR%G
3r1e =
38401
38857
3831 3
3C 1RO
3Icha2R
3R |

30237

40133
40800
ADTTO K
40261
41217
414773
4317209
4128<
42201
42407
a27=73
A30NDC
43265
A3521
2ATFT77
44033
H8&E 208G
44 TAT

127
127
127
127
127
127
127
127
tz27
127
127
127
127

NN NN
LA I
(LIRS LIS | B IR | JERVL SN | I

N N
oA on N
non

n)
5
[5: TS TENE IS}

N

COVPRESSER NUTPUT

UOrTALY
2383
23A/4
P3RS
23R6
2387
2370
2371
2372
2373
DATA
2375

2378
2377
2000
2001
2002
2003
2004
20058
2005
2nn~
20190
2011
2012
2013
2018
201=
2014
2017
2020
2021
20722
2073
2028
202=
2025
2027
2030
2031
2032
2033
2034
2035
203
2037
2060
2021
2na2
2003
20484
208
204K
20
2050
2051
2052
2nS3
2058
208=
2054

(NECTIMALY
1267
12 AR
1260
1270
1271
1272
1273
1276
127=
127¢F
1277
127¢
1270
1324
1925
1026
1027
10278
1022
1230
193
1032
1033
1034
1935
1335
103>
10 3a
103
10480
1n4a
1062
10473
1264
10468
17N4AA
106~
1N4aR
1360
1950
i85y
1252
1in=3
1054
10%8
12856
1357
10328
1n5e
1060
1061
1262
10£3
1254
1065
1064
1INK7
1DA8
1n&o
1270

N’



COUNTS UNCERTAINTY

88 R0
45057
AS313
AS56Q
AZR2S

se0Rry

AR3RT
A5G
46848 Q
47105
67351
475817
AF 873
ag120
ap3as
apRAY
482897
K¢ 153
AC A0S
AC BAS
46221
S0177
50433
ECA8 G
50248
S12n1
s1457
51713
S1 98
mzppx
52481
S2737
57003
SEPHLQ
E2RO0S
S3T7A
5817
BS54 27 3
54520
58 7R &
5204t
=207
zess3
5580Q
SR O0RK
56321
LY S 4
s6a33
57 0RQ
57345
S7601
57857
sp113
SR3E9
sREDE
S8 RA |
S0137
50303
50K8 O
sc00s

N

N

(DI R;

NN

N
SIS |V RV NS NG { IV L S Y I QN ||

JU U WA

N}

SR g

N

NN
iR
n

NN
QA
gt

NN

LF L IRV | BNV |

NN N
PRGNS B9 BV 1 V1 S}

NN

N
pi]
AaAaaan

NN W
oA
S A R

NN
1 1 I ||

W

NN
g an
non

V]
A
J

255
28%
255
25%
25%
258
255
25%
255
2585
255
255
288
255
25%
255
25%
25%
298
289
25%
255

255

COMPRESSED OUTPUT
(NCTALY (DECIMALY

2087
2080
20”1

2062
20”3
20F4A
20/%
2066
2067
2070
2071

2072
20773
2076
2078
207%
2077
2160
2101

2102
2103
2104
2105
2106
2107
2110
2111

2112
2113
2118
21185
211#
2117
2120
2121
2122
2123
2128
212%
2125
2127
2130
2131

2132
2133
2132
2135
213%
2137
2140
2141

2142
2143
2184
2148
21A%
2147
2120
2151

2182

1071
1372
1773
1274
1975
1074/
1077
1078
1070
1630
1321
1082
10873
1084
1085
10RA
1087
1988
1oR9
1020
1091
10932
10613
1024
10995
1004
1067
1n3R
102
1100
1101
1102
1103
1104
11 05
1104
1107
11 CR
1107
1110
1111
1112
1113
1112
1115
1116
1117
1118
1112
1120

1121

1122
1123
1124
11 2%
1126
1127
1128
1129
1130
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COUNTS UNCERTAINTY

BED16 1
50417
ROLT 3
£0Q2¢
ALIRE
61881
51ETT7
61053
6z220Q
6286
62721
A2077
52233
83490
A3T7ES
66001
ADLDRT
BAS1 3
HoTE D
fE02F
6% 281
£3837
67 069
ARER |
57073
ArRa s
AR08 7
BREGD
53121
ROAT 3
70145
70657
71169
71£R 1
72163
72705
74217
73720
DA
TAE TS
TEDA®
FEIFT
TR2R O
7ERN Y
77313
T7R2 R
78337
7RRAQ
Te3A
7O0R7 3
80 3°S
80827
81209
81021
g2433
],p Q45
R3AE 7
83049
/L AR
RELQQ 3

NN

N

5]

NN

NNV NNYNN Y
Joaaaauaaag o aoR A A
JEITIED (IR R LV ( BRY ) B 0 L N1 BV IRV [ B L Y 1}

255
255
255
255
255
25
25=
258
=11
511

a1

=11
=11
=11
s11
=11
=11
=11
=11
=1t
<11
=11
211
<11
=11
s11
11
=11
511t

St
Bl

1t
=1t
11
211
S11
1t
=11t
=11
11
S11
=11
=1t
=11
=11
<1y
=11

COMDRESSED NUTPUT

(NCcTaL)
2183
21%4
21e%
2156
2157
2160
211
2142
2163
2158
2165
2166
2167
2170
2171
2172
2173
2174
217s
2176
21772
1500
1£01
1602
1£03
104
1A05
1£05
1607
1510
1811
1412
1613
1614
1615
{t A1 A
1517
1820
1521
1822
1623
1 A28
1R25
1€25
1£27
1630
1£31
1632
1#33
1434
lﬁ?ﬁ
1635
1£40
16A1
1642
1643
1R04
1648
1625

(NECTMALY
1131
1132
1133
1132
1135
1136
1137
1138
1130
1140
1141
1142
1143
i1 & A
1145
1146
1147
1148
11 40
1150
1151

3906
297
9%
200
200
301
302
203
2N0A
905
206
307
3pA
206
210
211
212
213
2146
1%
216
21~
91a
310
220
221
222
523
aza
2125
228
227
228
320
230
231
232
333
338
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COUNTS UNCERTAINTY

RES0 &
BEO1 7
86520
87041
/7553
RRORS
a7
RG 02 Q
80£0 1
90113
90625
91137
91640
92161
92473
93185
93397
ok 200
94721
952373
95745
96257
9678 Q
07281
97703
9R 20X
og 8l 7
99324
aosa g

100353

100865

101377

101229

102401

102913

10342%

103037

104844 Q

1086961

1054773

1 05982

106407

107009

107521

10R033

1onsas

100057

109549

110081

110823

111105

111817

112129

112641

113153

113665

112177

114480

115201

115713

€11
S11
811
S11
211
s11
St
211
et
|1t
=11
g11
11
S11
Sty
=11
St11
511
Sti1
511
S11
511
S11
511
S1t
511
St
st
St
s11
511
11
St
11
s11
£11
S11
=11
511
Sttt
=11
St
S11
11
S11
St
11
=11
11
11
=11
st11
et
S11
11
511
11
S11
=11
211

COMPRESSED QUTPUT

(OCTAL)
1647
1630
1651
1652
1653
1654
16585
1656
1657
160
1661
1662
1643
16RA
1665
1664
1667
1670
1671
1672
1673
1674
1675
1678
1677
1700
1701
1702
1703
1708
1705
1706
1707
1710
1711
1712
1713
1714
1715
1716
1717
1720
1721
1722
1723
1724
172%
1725
1727
1730
1731
1732
1733
1738
1735
1736
1737
1740
1781
1782

(DECTIMAL)
238
336
337
23R
339
23480
341
242
243
LY
245
246
247
248
249
250
251
252
953
954
988
356
257
%A
Ise
2A0
961
362
363
364
265
966
IR
28R
369
370
371
272
573
274
57"
376

" 977
278
279
380
281
282
383
388
285
2988
I87
2RA
389
290
391
292
293
294
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COUNTS UNCFRTAINTY

iiéz2z2®
115737
f{72% 0
1 17‘?&1
11827

1ia78"%
118227
i 10N
120321
120R33
121234%
121857
122342
1228% 1
123322
1239nE
1248417
12402¢C
125401
1 25QR 7
1 2R8AF
126077
127620
12R001
1281 7
12502¢%
120537
13004C
t 30551
1310732
132067
133121
134188
13514 ¢S
1351¢3
1 372v 7
133241
130258¢F
150229
121313
142337
143341
1 &4 38%
145400QC
1ARLT23
147487
14AR49 g
140805
i Bvns2 3
1851853
152877
15301
1846428
155<a0
1873
1575¢7
188721
15974 %
1 B07£C

161723

it
=it
=it
=11
=11
=11
511

RN

S
=11
=11
=11
=11
£11
=it
=11
i
11
S1t
“11
=11
S11
=113
=11
“11
511
=11
=13
it
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1022
10232
1023
1023
1n23
1023
1023
1023
10232
in23
1023
1023
1023
1023
1023
1023
1023
10273
1023
1027
1023

CAMPRESSED DUTPUT

(ocTagy
1743
1746
174
17458
{1747
17580
1751
1 7=2
1713
1754
1755
1758
1787
1760
1761
17R2
1783
17R4
17as
1 7R
1727
1770
1771
1772
1773
1778
177§
177~
1777
1400
1401
14n2
1603
1404
1805
{1£06A
1207
1410
1411
1412
1413
1414
1415
1815
1417
1420
1421
1422
14273
1424
1425
1826
1427
1230
1631
1432
1633
1434
1835
1634

(DECIMAL)
595
206
297
20R
299

1200
1901
1702
1703
1004
1205
1006
1307
17082
1300
1710
1011
1712
1713
1718
171%
1916
1n1~
101R
in1e
13520
1721
1722
10273
76R
7EC
*70
771t
772
TR
774
77
77#
r77
7?7
7T
780
781
782
783
7R4
785
788
kd-Pd
7ag
750
790
791
792
793
794
o=
708
roT

R

PARF 28



COUNTS WNCERTAINTY COMPRESSSD NUTDUY
(DCTALY (DECIMAL)

162817 1023 1437 7go
1638401 1023 1440 200
1680868 1023 148y 201
1 65880 1023 1442 302
1A601 3 1023 1443 203
167937 1023 1448 304
1 6RO81 . 1023 1465 20%
1 490988 1023 14646 age
171009 1023 1447 207
172033 1023 1450 aoR
173057 1023 1451 300
1740801 1023 1482 310
17510¢ 1023 1853 ' 311
176129 1023 1458 a2
177153 1023 1455 213
170177 1023 1455 aia
179201 1023 1457 215
130225 1023 1480 316
131249 1023 1881 217
182273 1023 12A2 318
123297 1023 1463 ay0
188321 1023 1454 320
135345 1023 1455 321
186380 1023 1465 322
137323 1023 1457 323
138417 1023 1479 124
1 30441 1023 1871 225
1 DOLES 1023 1472 8§24
1 o1480 1023 1473 827
122513 1023 1474 " 328
193537 1023 1475 320
136851 1023 1475 330
1955A= 1023 1477 231
198600 1023 1200 a3p
1976733 1023 1201 333
198657 1023 1802 334
199581 1023 1503 Tass
20070% 1023 1504 338
2017209 1023 1s0< 237
202753 1023 1804 3381
203777 1023 1507 azo
208801 10273 1510 340
205829 1023 1511 a4y
2068080 1023 112 342
207873 1023 1513 a3
- 20RROY 1023 1514 raA
20c921 1023 1515 R
21006% 1023 1516 SAR
211060 1023 151~ 8>
212003 1023 1520 aar
212017 = 1023 1521 84c
215041 1023 1722 350
21F065 1023 15273 8851
217.02¢ 1023 1524 3=p
218113 1023 1=25 253
21c137 1023 152k 3s4
220141 1023 152~ s
221197% 1023 1530 assk
222209 10273 1591 ar7

223233 1n23 1=32 aga



COUNTYS

DAL DT
22spe g
22630%
227320
22”353
226377
230481
231425
232488 C
233473
2 3_4!;,07
2386801
236548
23784 G
230603
23CA17
2A064 1
251658
PAPARD
ZAZTLE
286727
24875
245"?2:
24a7aNT
24882723
siops7
2/08% §
gatans
2up0nT
2830573
2858977
28001
25702€
28%0NAC
s8an7
ZEODST
2A1 123
2682145
?6AE193
2ARE24 ]
2EARPAO
270337
2723nc
274433
27RA8
278529
2A0877
2R2RA25
2 RAARTR
208721
2RRTEC
290817
292865
254013
23R CA ¢
295005
30105~
- 30310%
308157
307201

UMCEOTATINTY

1023
10273
1023
i023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
10273
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
1023
11023
1023
1023
1023
1n23
1023
1023
1023
1023
2087
2087
2047
2047
2047
2047
2047
2047
20467
20647
2047
2047
2047
2047
2047
20487
2047
2047
2047
2048~
P04
2047
2047

COMPDRDESSED NJYPUY

(NCYAL}
1533
1534
183%
1534
1537
1540
1561
1=4ap
1543
15488

1545
154 ¢
| RA7
1550
1Ry
1e=2
1553
1854
1825
1e55
{es7
18&0
1=A1
15£2
1563
{1 =fa
lﬁ'_.fxﬁl
1BRA
157
1570
1571
1572
!‘:'7?
178
1&7s
1576
1200
1201
1202
1203
12084
1209
1206
1207
1210
1211
1212
1213
1214
t21=
1214
1217
1220
1221
1222
1223
1224
122%
1226

(DECTMALS
459
260
264
252
363
Q&4
Qpas
FAA
2A7
2/ "
269
]370
a7y
372
873
a7 A
aze
374
a7
378
aro
aan
asg
agp
2R3
]ra
2aR
IRF
Qnav
ann
asc

a0
agy
3oz
2973
508
aos
A8 0
LX-R 1
242
56873

544
4

546
5A7
€45
LA
550
£81
EE2
£873
ER5A
feER
556
£57
55AR
eso
560
561

582

| BARE 2%

w,

-



COUNTS UNCERTAINTY

300289
311297
313345
315393
317441
315480
321837
3123585
326633
327681
329729
331777
33382%
335873
337971
33005 ¢
342017
386065
346113
38R151
350200
352237
3564308
356373
35RAN01
380440Q
34047
364845
366563
358641
370689
372737
37878S
3I7RA3I
378891
380020
38207%
38502%
387073
389121
391169
303217
3952465
397313
390341
401800
503457
40=50%
407553
409601
41168409
813897
4 1€74F
617793
410841
421839
823937
6 o=0ns
428033
430021

RE-Ts1- %4

2087
2047

2047

20487
2047
2047
2047
2047
2087
2087
2047
2047
2047
2047
2047
2047
2047
2067
2087
2047
2087
2047
2007
2047
200,7
2047
2047
2087
2047
2067
2047
2047
2047
2047
2047
2047
2047
2047
2067
2087
2087
2047
2087
2047
20487
20647
2067
2047
2047
2047
2047
2087
2087
2087
2047
2047
2047
2047
2087

CNMPRESSED NUTPUTY

(NCTALY
1227
1230
123t
1232
1233
1232
1235
1236
1237
1240
12481
1242
1243
1288
124€
1286
1247
1250
1271
1282
1283
1254
12E%
1256
1257
1260
12F1
1262
1263
124
1268
1 2FRF
127
1270
1271
1272
1273
1274
127
127%
1277
1300
1301
1302
1303
1304
1308
1308
1307
1310
1311
1312
1313
13tea
1315
1316
1317
1320
1321
1322

(DECTMAL)
563
2 RAA
“68
56¢F
567
560
560
570
571
572
573
576
578
576
577
57a
579
580
501
582
583
584
5=
586
587
58R
580
590
01
s5a2
593
504
X1
595
597
598
599
700
701
702
703
7OA
7 0=
70k
707
708
770G
710
711
712
713
714
718
716
717
718
710
720
721
722
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COUNTS UNCERTAINTY

43212%>
A3AVT77
A RRPD S
4328273
a 40321
4Aa23RAQ
QAL ABL”
4AK4LAK%
448513
eS50%61
&S52£0Q
ABEERT
AERTOS
4587573
A/K0R0
4 82R4C
4 648077
A ARQALE
4 FROGTH
4710481
473082
475137
47718"%
479233
531221
4/ 132
4 a8 377
48742
& ROAT
4901521
403560
4a5617
BQ7EARE
4Q0713
201741
s03200
508827
50730F
50C9S 3
512001
514049
S1£037
S]P!ll:
520193
522241
52&.290
|R2838%
832481
S36577
SA40F73
S48 T7RAC
S4RAAS
e€52axr 1
S87057
561153
S 68240
S6Q33%
5734461
2RFPTE37
$816373

20A7
2047
2047
2047
2047

2047

2047
2047
2047
2047
2047
2047
2047
2047
2047
2047
2047
2047
2047
2047
2047
2047
2047
2047
20487
2047
2047
2047
2047
2047
20487
2047
2047
2047
2087
2047
2047
2047
2047
2087
2047
2047
2047
zoa”

S 20A7

a09s
4093
2005
aA02=
4003
anas
4095
4095
809=
AaND=R
4003
809%
2095
AQOR
4095

COMPRESSED NJTPUY
({DECTMAL)

({0CTAL)
1323
1324
1325
1326
1327
1330
1331
1332
1333
1338
1335
1336
1337
1320
1381
1382
1343
13ﬁﬁ
1385
13¢5
$ 387
1350
1351
1352
1353
1354
13588
13586
1357
1380
1361
1362
13R3
13RA4
1365
136F
13‘;7
1370
1371
1372
1373
1374
137%
1375
1377
1000
1001
1002
1003
1002
100
1006
1007
1010
1011
1012
1013
1014
to1s
1016

723
724
728
726
727
728
729
730
731
732
733
734
735
735
73"
73p
739
TAD
741
XY
743
748
748
786
787
748
749
750
751
752
753
758
755
. TES

rd-2 el

758
7 Rg
760
7E1
762
763
7RA
76K
766
TET
512
313
514
215
316
317
318
319
320
321
322
523
‘=06
52

52¢

PAGE 28




'

CAUNTS UNCFRTAINTY

SBEITF2Q
58982%
803921
ser0t”
€02113

£0E200

610305
a18401
618407
622503
€26690
£3C78%
634891
638977
£43073
EATLIRC
651268
LTS
ABEGLE Y
FE3IEE3
£ E7ESD
CRTITAS
£7E 04
672037
682033
ARIL2S
£0232%
695321
700417
702513
70R£09
71270%
712801
720897
728003
729029
733{ns
737221
741377
745473
7406690
783665
7evrsy

781857 .

76885083
770089
?7EILS
7R 241
782337

788433

790829
794625
798721
802217
80013
811009
BiIEiOS
218201

82327
/827393

4003
a5Q=
agas
40058
L5098
4095
20Q=
400
5005
&QgrxE
4005
40Q%
4005
4005
X1
2008
aA0Q%
a409%
4005
4095
4005

2095

a00s
24095
003
4093
4. 6oO%
8095
aHa00%
a098
apgos
4093
8003
40095
4003
4025
4003
400%=
& 00
4095
&409%
4095
8005
40053
4093
4095
400%
4005
2095
4095
2095
8095

- 4095

24095
ANOR
409%
4095
4095
409%
4£069%

COMPRESSED NUTPUT
(NCTAL) (NECT MALY

1017
1020
1621
1022
1023
10248
102k
10246
1027
1030
1031
1032
1033
1038
1 03F%
1036
1037
10”0
1041
1022
1063
1088
| el 2]
1086
1087
10%0
1 081
1082
1 NE3
1 o=e
]0‘:‘?
108¢€
1087
1080
1 0R1
1 052
10£3
1064
1 0AS
1 ORE
1087
1070
1071

1072

1073
107Aa
1078
1078
1077
1100
1101
1102
1103
1108
110%
1108

1107

1110
1181
1112

327
328
529
530
331

332

=33
538
53%
238
=37
53R
53«
40
561

342
=e3
T4A
5e8
546
=487
548
540
=50
581

582
=83
554
588
5386
|5&87
=efa
5E&0
560
561

262
63
564
AR

o n
i <

i

1,
{

{
h

PAGE 29



CIUNTS UNCERTATNTY

R314RC
azesas
R3IOHARNY
843777
RATRT7 3

R51Q080

RSEOARS
RE601E1L
864257
RERIEZ
AT O
B76EAE
RROEGAL |
RBAT3T
/|HALIZ
AaG2T29
eA70H25
201121
RIS B
0093173
Q{3209
Q1750%
G21€01

Q286G 7

Q20703
o33nac
Q37wes
Qa20R1
oAE1T7T?
O5027 3
ORA 3L Q
QSRAEE
oR25451
CHRAARET
Q707:3
OT74RAQ
g7pdas
QR3304 1
87137
co1223
eQR32¢
gQCaz e
1003521
10076417
1011713
1015R0OC
1nie0ns
10246001
102P0C 7
10322123
1n3£2eQ
10240385
1046491
1R arRs>7
10s€7kC
1064041
107313
1INK”’134E
10808327
109772¢

ANO%
ANOX
AQOR
4005
8005
ANOS

- 40095

4095
4095
4095
00w
8005
anos
4005
an9s
AN0Q5
40063
AQGSR
anas
anas
8003
aAa00=
anNe=
40Q3
ANDS
4anNgs
anos
400S
40093
4nox
aN2S
402%
40053
4095
ANoS
ann=
ANDS
4093
8098
AN23
apno=x
AD9IR
anas
409=
400
Apes
4005
ano=
4nas
s00=
409%
anas
4005
31291
2121
2191
2191
R1 o1
= B |
2171

COMPRESSTD NUITPUY

(NCTAL)
1113
1114
1115
1114
1117
1120
1121
1122
1123
1120
1125
1124
1127
1130
1131
1132
1133
1134
1135
1135
1137
1140
1181
1162
1143
1144
1145
1165
1187
1150
1151
1152
113
1152
1155
1184
1187
1160
1151t
112
11483
11458
11488
1148
“1167
1170
1171
1172
1173
1174
1175
1176
1177
DEOY
0RO
0802
0803
0FNA
0ROS
NEOR

(DFCIMALY
=87
=Aas
RS
590
Set

r592
3e3
394
sas
386
=97
S9R
509
500
T E01
502
503
50h
505
506
507
50R
509
510
511
812
513
%514
515
516
5817
51#
5ta
520
521
322
523
524
sz28
52F%
527
S2R
529
530
531
. 532
85323
534
T 53%
534
S37
53R
539
384
388
384
387
388
380
390

PAGE 30



LOUNTS UNCERTAINTY COMPRESSED OJTPUT PAGE 31
(OCTALY (DECIMALY

1105021 A1 901 0607 391
1114113 8101 0&1 0 392
1122305 8191 0611 393
11 30897 8191 0612 394
11 38689 8191 0613 305
1148821 8191 0618 394
1185073 810y 0615 397
1163265 8191 - 0616 398
1171657 8191 0617 399
1179649 8191 020 100
1187841 8191 0821 301
1196033 8191 0f22 302
1204225 8191 0623 103
1212417 8191 0r24 %048
1220600 8191 0625 108
1228801 8191 0F25 106
1236993 8191 0627 .07
1245185 8191 06390 LoR
1253377 R101 0631 Lo
1261560 2191 0£32 510
1269761 8191 0633 11
1277953 8191 0634 hy2
1286145 8101 0635 13
1294337 8191 0&35 P14
1302529 8191 0637 415
1310721 . 8191 0F&80 16
1218913 A101 0F4§ ny?
1327105 8191 066 2 18
1335297 8191 0£63 ‘10
1343480 8101 0fan 420
1351681 8191 0665 121
1359873 8191 068 & no2
1358065 8191 0k87 623
1376257 8191 0650 28
1384449 2191 0651 L2868
13926241 8191 . .0&E2 26 -
1400833 < 8191 OFK3 827
1409025 8191 0654 L28
1417217 8101 06ss 420
1425409 8191 0656 %30
1433601 8191 0657 L3
1441703 8191 06F 0 132
1440985 8191 0661 433
1458177 8101 08E2 538
1666369 2191 0E63 135
1474561 8191 06E6 136
1482753 8191 DEES 437
1490945 8191 06EFR 138
1899137 8191 0RE? 439
1507329 8191 0670 180
1515521 8191 0671 3861
1523713 8191 0872 142
1531205 8191 0673 5473
1580007  R191 0674 148
1548289 8191 0675 145
15564881 8101 0F74 ra6
1564673 8191 0E77 rav
1872865 8121 0700 ras
1581057 2191 0701 . 889

1589249 8191 o702 450



CAUNTS UNMCEQTATMTY COMPRESSED QUTPUT PAGE 32
e ftacTAL)Y (DECTMALY
1507481 81t 0703 351

1H0SAR33 2131 0708 a52
1613828 2191 o7n= 553
1522017 a1 o1 07058 LS4
1630209 st a1 0707 . 4885
1638401 Rty . - 0710 156
168£5073 2191 0711 357
1654785 3151 o712 r5A
1562977 81091 n713 As0o
1671160 R191 0718 360
1679361 3191 071 E LS
1A B755 3 85101 07156 LED
1AQE745 8151 0717 163
1703337 3191 0720 LRA
1712120 8191 0721 LES
1720321 2191 0722 566
172851 3 8101 07273 467
1736705 8101 0728 158
17446807 R19% 0725 L 6Q
17530209 2101 n72~A 70
1761261 2191 0727 371
1760473 3191 0730 172
1777686 8101 0731 73
1785857 B1c1 0732 L7 .
1794040 8191 0733 7=
1802241 3191 0734 LTE
1810433 8121 0738 vPT
1R1PEDPS a191 073 178
1R26017 8101 0737 170
183500¢ 8191 0760 180
1843201 8191 07e1 481
1851303 ayai 0762 . 182
1R 5082 & [y 01 07673 L93
1887777 8191 07s A ARG
1R 7ECRO a101 n74s 5R5
1R86 16 2391 pwak L AHAA
tgoz3=3 8101 n7TeT 587
150054 S 8101 07=0 182
1002737 ay et 0751 £89
1016020 8101 0752 190
1e2s121 ayay n7s3 191
1933213 a9y 07EA yrap
1241509 ayal o-es 493
104ACEST R191 0756k N1
1osTRA9 a101 07s7 s 98
1766081 "1 61 N750 L08R
1974273 8191 07E1 107
10RPALAS 3191 07682 199
109065~ 85121 07~3 190
1292349 8191 074t - 300
2007041 161 07AE 501
2015233 8191 07848 502
P00 2342 2121 o Jrdoled 303
2031417 8101 0770 204
203cRn00 2191 0771 308
2042001 21351 0772 5 0F
2056103 2191 - 0773 =07
20K 20T 2121 Q774 zpn
207257~ a0t n77% 209

. 20R0T7AQ a1 0775 310

e




CHUNTS UNCERTAINTY COMPRESSED DUTPRPUT PAGE 33
e {DCTALY (DECIMAL)
20 RROAY R121 0777 31t

2097153 163973 0400 256
21135837 16383 0401 257
2120021 16383 0602 258
2146305 16383 0403 259
21 A26R0 16333 0808 260
2179073 16383 040% 251
2195457 163583 02086 282
2211041 15393 0407 263
202R22% 16383 0410 2664
2268609 16383 0411 268
2250593 16383 0412 266
2277377 16383 0413 267
2203751 16383 0416 268
2310145 16383 nays 260
2326829 16383 0416 70
2362913 15383 e]-% I d 371
2350207 16383 0620 272
2375681 16393 0821 273
2302055 16333 0e22 274
24 0R449 16383 0623 275
2624033 16393 0aze 276
2641217 16383 0828 277
2657601 16393 0426 278
2873085 16283 0427 270
2490389 153533 0430 280
250675 3 16383 0831 281
2823137 16383 0432 282
2530521 16323 0433 283
2585005 15323 0434 > 84
2572289 16333 0835 288
25 RRAT 3 16393 0236 286
56 05057 1383 0637 LRB7
26214461 16333 0840 288
2637825 1/333 0b6t . 289
2654208/ 16323 0442 290
PE70RO3 1563383 0643 201
T2£8077 16333 oasn 292
2703341 16383 0ass 293
2710748 163123 0865 294
2736129 16333 08a7 295
275251 3 16383 0880 296
27E8ARG7 16383 oast 297
»7RR2a1 16333 0852 298
PBO1E6S 16323 0453 299
2818049 1£333 pasa 300
PR 34433 16383 045F% 301
PREORL” 16333 0&SE 302
2867201 16383 nas” 303
PRABIERS 16393 04RO 3084
PRO00LQ 16393 0e6 305
P9 1A353 16333 0462 3086
2032737 15383 0463 307
PR89121 16393 oaks - 308
2988805 16383 peke 309
2981829 16333 0666 310
2008273 16323 orET 311
3016657 16333 0a70 312
3031001 163373 0avy 313

RADa742% 1/A323 Qave 314



COUNTS

2083800
2320103
INGERT
3112¢A1
3120345
3145720
31/2113
31 7rac>
31 QARR]
3211265
2227 F4N0
2264033
3260417
327ean
320318%
3202847
3325053
3342337
3350721
337510%
33Q14R09
3407873
328 2L DY
364066 1
3eETAPH

2673409,

26 807G
IBQFR 17T
3IFD228E
3= 3ROL
BEEE3IZI
371713
IERRANG T
IR 08B R
BAP20RES
3637240
3553%3%
3570017
36 8RA01
AT O2T7RR
3710148 @
373883
3751037
3768321
3786705
3B01 029
2817473
2R JFR57
InsN241
38 ARL AR
IRnAa3onc
IROCINT
el Sl dudnd
30321481
32aP TR
3084920
30r1313
3Q07AR7
a0 18021
2030485

UNCERTATNTY

1A3R3
18327
14393
14393

12323

153273

14383
16383
16333
14383
12323
16333
1£3873
1R223
1R3273
18233
1A3R3
183373
16383
16323
15383
14323
16333
163823
1433
163273
15393
147393
1A3R73
183373
153473
16322
18383
15383
163873
1£3373
15322
15383
15383
16333
163873
143233
18323
1A3= 3
14323
163233
16383
163223
1£38273
16383
18383
163973
1561383
14383
18383
153233
15323
14323

1AZ2

15323

(NCYaL)

0aT7T3
[eXcad sl
L7
048745
(T2
00
0c 0t
05072
0503
ceEns
QEN=
0Z0%
oEn7
ns10
0f11
0=12
0513
0814
0815
0E1#
0517
020
0821
oe22
023
os24
s
NEPA
nE27
NEZ20
0=31
0F322
0=33
[Shaic RS
0sz2s
0e3s
0R37
osen
o=ky
n=62
0583
[0 Rl 8
ne=8s
ORa s
[olX-Rrg
0FE0
os=1
oswR2
05s3
DESA
oFEs=
nEER
oge?
0E&0
06t
cEe2
o=£3
NES L
reERR

COMPRESSED NUTOUT
(DECIMAL)

31E
31¢#
317
3R
31°
320
221
322
323
326
328
324
327

2o

32°
330
3231

332
333
334
33=
326
337
338
339
340
381

3482
3873
384
348
38R
347

T 34R

340
IS0
351
352
3R
AL
38=
356
37
388
RO
3A0
361
3R2
3632
364
3RS
385
367
34AR
360
370
371
272
37T

N

)
m
W



COUNTS UNCERTAINTYY COMPRESSED GUYPUT PAGE 3%
(DCTYALY {DECIMALY

ap4a684Q 15383 o=a7 3FS
4063233 16383 0870 376
LAQTORT 7 18383 0s7t 377 -
L00R00¢ 16383 0s72 378
6112385 156383 0=73 370
a1 2R 760 15383 o=74 380
4145153 15383 os7s - 38t
4161537 16323 0s7se . 3982
- 4177021 15333 0=77 - -- - 3R
4196305 32767 0200 128
4227C73 32767 020t - - - 129 -
4259841 3278 T 0202 130
4292600 327AT o203 - 131
AI 28377 327R7 0208 132
A3se 145 327AF 0208 133 - -
6390013 32767 020E 134
a6 23681 32787 60207 138
44 S6LAQ 32757 0210 136
P e 33767 0211 137
4521 0% 8 32757 0212 138
8556733 32FPET 0213 130 -
4587121 32757 0214 140
A5 20730 327R7 021%& 141
LASINST 327AT n21A 182
L6 RS (1D 8 32757 0217 143
47 1R =93 32757 0220 186
AT R TR 327 ‘ 022t 165
4784320 I7PRT oz2s 156
AR16337 32757 0223 187
ABRACAAS 32757 o226 1&Rr
ARR2433 327R7 n22s 149
4915001 32757 oz2s - 150
AQATQRQ 327HT 0z27 151
AT SH3Y 32787 0230 182
S013505 32757 0231 153
E0AERT3 32747 0232 1 54
S0 70041 32787 0233 155
5111809 32787 023 156
<1 846577 327A7 ngas 157
5177345 32787 023% . 18R
%210113 32757 0237 150
B2 42981 327ART 0260 150
K2 7RAE O 32547 0241 161
R30R417 32747 0282 162
534118°% 32757 0243 163
5373933 32787 o248 184
sS4 08721 22757 nRas 188
5430480 32747 0zas 166
BA FR257 32767 o267 167
|2 08025 127587 0250 1468
5837703 32757 0251 18¢
857061 3287 0252 170
=& 033290 327587 0253 171
|6 3R NO7 327AT nosea 172
sgpaRaLR 32757 0255 173
5701633 327EY 0255 174
8738401 32757 i 178
S7RTLAEO 327R7 0250 174
799037 3prev 0251 177

5832705 327R7 o2n2 178



-

CAUMTS UNMCERTAINTY TOMPRIESSENY NUTLRUT PAGE 3%
' - (NCTALY (DFCTMAL)

SRR A7 32787 n2&63 179

=R oR 241 32747 noRa TR0

=2 31000 32787 nPeS 181 ﬂ)
BQE3ITTT  327AT 0268 182

&0 QrEAE 30767 0287 183

£N20313 327A7 n270 1 88

£0 52081 32757 0271 125

&0 Q4 BAC 32787 0272 186

6127617 32767 0273 187

&1 H03as 32747 no7e 188

2193153 32787 . 027s 180 '
A2 25021 32757 0275 190

6238680 32767 0277 191

6211857 3I27A7 0300 192 )

630022 % 327R7 0301 163

£336£003 32767 6302 104

£3307A 1 327687 0303 105

4 2082C 32767 03086 196

68 55207 327R7 030 197

EARBORS 32757 030F 108

6520833 32767 307 199

6% 53601 32787 0310 200

65 26369 32787 0311 201

A6 10137 32747 0312 202

66 ©1908 32767 n313 203

FEBL6T 3 32757 n318 204

AT 174&M 30TA7 031 R 2 0%

8750209 32767 0315 204 j
6792977 32787 0317 207 e
ERIS74S 227587 n320 208

fRARSY 3 32767 0321 2009

683128 1 32767 0322 210

£O 1404 32767 0323 211

EOAERL 7 32747 0328 212

£O 7088 & 32757 0325 213

7012353 32757 n3I2k _214

Fo1g121 327587 0327 215

707782890 32757 0330 215k

7110657 32767 0331 217

71463425 32747 0332 218

7176193 327687 03332 219

720806 1 32767 0332 2290

7241729 32767 0335 221

7274897 32787 0338 222

7307268 32757 037 223 ' .
7340033 327567 0380 222

7372801 32757 03%1 225

74055690 3I27R7 o3r2 226 ‘
7438337 22767 0363 227

7471105 327R7 0344 228

7503873 32787 0385 220

7536641 32757 0386 230

7862400 327R7 03487 231 ,

7602177 32767 0350 232 }
76346045 32757 03=1 233 =

7567713 327567 n3=2 234

7700481 32757 03=3 235

7733240 32747 n3=4 236

7766017 32757 o RAEs 237

77687885 32767 338 238



CDUNTS UNCERTATNTY COMPRESSED TUTPUT PAGE 37
(DCTALY} (DECIMALY

7831553 327567 0357 230
7864321 32757 0360 280
78907080 32757 0361 241
7920857 327687 0362 242
7962625 32747 0363 243
790539 3 32757 0368 288
R028161 327567 T 0365 245
ap6002Q 32757 0388 286
R093697 32747 0367 247
Ri 26465 32767 0370 248
8159233 32757 0371 240
8192001 32787 0372 239
R2 26760 32787 0373 251
82575337 32757 0378 252
8290309 32757 0375 2583
8323573 32767 0376 254
Q355241 32747 0377 - 285
2382300 €533 0000 0
454105 65535 0001 1
819381 65535 0002- 2
RS 85217 65535 0003 3
8550753 65535 nooa a
R716289 65535 000% 5
B7R1 %25 £5535 0005 5
RRA7 3A § 65535 0007 7
8012397 65535 0010 R
RO7PAL3 S 55535 0011 o
204369 A55E3S 0012 10
9109505 65535 0013 11
0175041 65535 0012 12
9240577 65535 0015 13
9306113 £5535 0015 14
a371580 65=35 0017 15
9437185 65535 0020 16
9502721 65535 0021 17
9568257 65533 0022 18
9633793 65535 0023 19
0k 93320 65535 0024 20
Q7T RE PR S HRARIR 0028 21
SR 30401 65535 0026 22
9895937 65535 002> 23
GORL473 £S8R35 0030 - 2a
10027009 £593% 0031 25
10092545 6553= 0032 248
10158081 £5835 0033 27
10223617 65535 0038 29
10280173 65535 0035 20
1035468%Q £5535 0036 30
10420225 55535 n037 31
104285761 £5535 - 0089 32
10551297 85=35 oct 33
106 16”33 £5535 ooa2 34
106823690 £5535 00a3 3%
10747905 65535 ooaa 3A
1081348861 85535 0085 37
10878677 A5=35 0085 38
1004251 3 65535 0oL~ 39
11010049 £5533 0050 a0
11075885 A5535 0oST at

11141121 £5233 oo=2 a2



COAOUNTS UNCERTAINTY

11206657
11272193
11337720
11403265
t1ansren

11534337 -

11506873
11668400
11730945
1176481
11862017
11927553
11293089
12058628
1212815t
121 80697
12255433
1232075090
12388305
12651821
12517377
12582013
1264844 Q
12713085
12770821t
12R 48057
12910593
129761290
13081655
13107201
13172737
13238273
13303R”00C
1334034&
134 38881
13800417
13585053
13631499
13807 p2s
137625841
13828097
13803633
130801K9
14024705
1400281
14185777
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CAUNTS UNCERTAINTY

181 3RRL 7

15208353
152560809
18335426
154 006561
1S4656407
158 32033
18597569
15663105
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(OCTALY
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PIONEER DATA PROCESSING SYSTEM

Name ‘ Purpose
1. PIODPP This program reads the Pioneer EDR

tapes and produces PHA, RATES and
Catalog tapes and printed daily
summaries of pertinent information.

2. EDRLST ' This program reads the Pioneer EDR
- tapes and prints data by record
number or time period.

3. PHALST This program reads the Pioneer PHA
tape and prints data by record number
or time period.

4. RATLST This program reads the Pioneer RATES
- tape and prints data by record number
and time period.

5. CATLST This program reads the Pioneer
“ Cataloz tapes containing the I.D.,
Command and Attitude information
and prints data by absolute file
number or time period.

6. DUPPRT This program generates the backup
tapes for the PHA and RATES tapes.

7. CATINT This program initializes the tape
catalog pointer and the four tape catalogs
for the Pioneer Data Processing Program
(PIODPP).

8. CATUPD This program performs various
: maintenance functions (add blank tapes
etc.) on the four tape catalogs.
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PIONEER DATA REDUCTION SYSTEM

Purpose

The Pioneer Data Reduction System consists of a set of programs
which read, interpret and verify the Pioneer EDR and Trajectory tapes.
These programs generate various data sets coniaining the Pioneer
GSFC/CRT experiment data (PHA and RATES), related spacecrait
information (Logistics, Command and Attitude) and the trajectory
information and provide the capability to access these data sets.

Programs in order of Implementation Priority

Name Purpose

1. PIODRP ‘This program reads the Pioneer EDR
tapes and produces PHA, RATES and
Catalog tapes and printed daily
sumir:aries of pertinent information.

2, CATINT This program initializes the tape
catalog pointer and the four tape
catalces for the Pioneer Data Reduction
Program (PIODEP).

3. CATUPD This program performs various
maintenance functions (add blank tapes
etc.) on the four tape catalogs

4. EDRLST This program reads the Pioneer EDR
tapes and prints data by record
number or time period.

© 5, PHALST This program reads the Pioneer PHA
tape and prints data by record number
or time period.

6. RATLST : This program reads the Pioneer RATES
' tape and prints data by record number
and time period.

7. CATLST This program reads the Pioneer Catalog
tapes containing the I.D., Command and
Attitude information and prints data
by absolute file number or time period.



Name

8. TRJLST

9. DUPPRT

Purpose

This program lists the Trajectory
Tape by time period or record
number,

This program generates the backup
tapes for the PHA and RATES tapes.



PIONEER DATA ANALYSIS PROGRAM

These programs will be implemented accordmg to the following
priorities:

1. PHA Data Summarizer

This program creates a data base of sorted PHA readings for the entire
range of data from both experiment packages. Each data set within the
data base will consist of sorted PHA data for an input time period, not
smaller than one hour. The sort is based on event type, PHA values,
sector designator, and priority mode.

2. PHA Data Plot Program

This program creates two dimensional plots of summarized PHA data
for either single or merged time periods, according to event type.

It will produce as many of the requested plots as is possible with a
single pass through the data set. It will produce plots for requested
multiple time periods to the extent of the available summarized PHA
data.

3. PHA Time Period Merge Program

This program creates a data set by merging the sorted data from tw

or more PHA summary data sets. This merge will be performed WlthOLt
the application of gain factors to the data.

4, Intermediate Flux Program

This program generates a data tape consisting of counts of PHA event
occurrence within pre-defined areas of the range of the data from both
experiment packages on a time interval basis.

o. Flux Display Program

This program creates displays of the data contained on the tape generated
by the Intermediate Flux Program.

6. Rates Display Program

This program creates displays of the data contained on the RATES
tape generated by the Data Reduction System.



1. PHA Data Analysis Program

This program produces two dimensional plots of the PHA data as
contained in the PHA Summary data base, for one time period or
combinations of time periods (using the merged data sets where
possible). A histogram showing the distribution oi actual data values
around a pre-defined standard curve is also created.
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MAGNLTIC TAPE OUTPUT

1f telemetry and command data are to be recorded on magnetic tape, the
tape ls mounted on the tape control unit with a logical unit address

“of 3. The tape unit should be in a reﬂdy state prior to requesting

the actual recording of data.

Data recording on the magnetic tape is controlled by breakpoint switch
9. A

Each logical record is 32 bytes; 12 lbgical records are blocked to form

“a physical tape record. A record count is maintained by the program.

The count is maintained to provide means of copying a 9~track tape onto
a 7-track tape without the use of multiple reels. One reel of 7-track

tape can hold about three fourths of a reel of 9-track information.
Therefore, 1f the above mentioned recording scheme is used, the maximum
number of records is about 1700, To allow for contingencies, the count
is set at 1200. A MAG TAPE FULL message is output to the teletype to
inform the operator when this number of records is reached.

Layouts of data records on tape are shown on the following pages. In
addition to the information shown, an end-of-file is written each time
BPS 9 is turned off, and an additional end-o:-file is written at the
end of the data on the tape.

I1-58
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1. MACNETIC TAPE HEADER

The header record 1s output when the magnetic
switch goes from an off state to an on state.

tape output breakpoint

o
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1 14 L i i
(s31q £)
SpuUo0dag
194
X 1 L | 1] 1
(s31q /)
S9INUTK
€22
1 [ i 1
§319 9)
SINOY
T61 - 88T |81
T ¥ T T
(s3tq Z1)
sdeq
65T
s ) T T ]
Lzt
0 of = T
a1
ploday
S6 €6
] K4 | ]
0'01l% T
1
v
z
1€ 0€167187

TV T
anyep
puBtmsc)

J 1 1

SS2IpPpV
Suianoy

¥

“APPY
r pODa]

LT1-91

12 07 81

11-61



[‘-

Pioneer F/G Software I&T User Manual

MAGNETIC TAPE END-OF-DATA RECORD

The following output occurs when the magnetic

goes from an on to an off state.

tape breakpoint switch
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LEMETRY DATA RECORD
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In the dlagram, the flelds marked with ** are replaced by format—defined

The filelds marked with * are not available in a
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