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C L Bihan

. 3FC experiment on the Pioneer spacecraft consists of the "Cosmic
¥, Telescopes” and their assoclated electronics.,
v, Hicn Foerpv Telescope (HET)
3. Leow EFnergy.Telescope 1 (LET-1)
3. Low Energy Telescope 2 (1ET-2)
“ . 1a'a derived from these telescopes are of two basic forms:

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

“yTt. s-1id state detectors coprising cach of the three telescopes are shown
ir tadle 1, ’

HET 1¥T-1 1XT=2

A DI ST

B DII SIT

cI E Slla

cI1 F  SIII
cIIl

Ta%le 41 Solid State Detectors Names

we ctarge liberated, in the detector, by the passage of particle is
' In a char-c sensative preamplifier which produces an output voltage
Jhose heisbt is lincarly related to the incident particle cnerpy loss

o detector,

The output of the preamplifier is then passed through a post amp wheve
it is glven the optimum realizable shape for discrimination and analvsis while
pres cving the amplitude-energy relationship. :

The pulses out of the amplificr are fed to their associated lincar elec-
tronics card where they are differentially buffered andapplicd to a host of
a=plitude discriminators, The nominal detection threshold for each of the
discrininators {sshown in Table 2.

HET 1ET-1 1ET=2
Di- rim. Threshold (MeV) Discrim. Threshold  Discrim.  Threshold
Al 0.2 D1 .2 S1 S b
A2 2.0 DIy .2 S1 5,
. 1. '3‘a3-66 . 1 | 1.5.5
° .94 R .05
® 1.4 . )
® .0 ‘ » 1.0
Ct 1.0 DI o2 SIIT .06
.
° 3305
« v .70

2
*x1 - 13.6<1<36 E2 9.0 81la o2



2=

Tavle 2 (cont.)

HET 1£T-1 1ET=-2
Di.orim. Threshold (Mev) Discrim, Threshold Discrim, Threshold
*K2 5710150 E3 9.0 SI11I .1
E4 40.0
F .2

¥ = A+B+1.8 (CI+CII)

It can be scen that Al, A2, E1 ....E4 arc separate and simultancour
‘i..riminations while DI1...D18, SI ces+518, and SIII...SIS are propramuahle
. <criminators. These programmable discriminators are slaved either to the
telr ctry frame rate or to the spacecraft roll rate.

In order to examine as largea portion of the Cosmic Ray Spectrum as pose
sible, and to distinguish between the various species therein, the experi-
ment has built in an elaborate scheme to share it's 32 available rate counting
channels and six PHA channels. This is done by imposing coincidence/anti-
coincidence requirements upon the pulses appecaring in any telescope. These
requirements are now discussed on an individual telescope basis.

HET SYSTEM

PHA Data

There are four separate coincidence conditions which will initiate a
pulse height analysis. They are:

1) (AgK) or A|CI) BCIII

-

2) AyBKy CIIT
3) AlA7 BCIII

4) A, BCIIL

Since there are five detectors to be analyzed and the experiment has only
three channels, call them A, B, and C, the available channels are shared as
follows: 1If either of the first two coincidence conditions cause the analysis,
CIII has no pulse, therefore; channel A contains the analysis of detector A's
pulse, channel B the analysis of detector 8's pulse, while channel C contains
the analysis of the sum of the pulses appearing in detectors €l and ClI two
coincidence conditions which cause the analysis, CIII has a pulse Channcl A is
switched to analyze this CIII pulse. The other channels produce the sam
analysis.
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The PHA's are of the lincar, capacitive discharge type, using a pated
Geiars line oscillator to produce a string of pulses whose frequency fs 666 KHz
and length (Channel #) is related to incident particle cnergy as follows:

\

A' 0.2 McV/Channel
B : 0.2 Me¢V/Channel
Cl & CIIL 1.0 MeV/Channel
CIlII 0.2 McV/Channel

In order to enhance the number of rare particles analyzed, a priority
system s built into the HET system. The priority assigned to the four event
ruvees s a function of the telemetry frame and is changed every 64 framcs as
shown in Table 1M,
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To uniquely "tag" a PHA event it is necessary to readout the "Seq. I.D."
and "External 1.D. bits" shown in table 1. "Internal ID bits" {s not read
osut but this does not produce an ambiquity. Referring to table 1H for S1=52=03
i 11=1 and I2=0 (lowest Priority) the event is the last A2BCIIT event en=
countered (note that the system will continue to accept new A2BCIII events
without shanging ID bits). If I1=0, I1=1 the event is the last (A1BK2CI)

BCTI1 event encountered. If I1=12=1, (highest priority) the PHA's contain

the first A,BK2CILL event encountered. Table 1H may be read in similar

fashion for the other three combination of S1 and S2 where, ft is scen,

the priorities are reorder for cach combination.

, As a further aid in determining the species of particle analyzed the HET
.ectronic produces ‘a 1 bit of the CII threshold has been exceeded which is

also read out in the associatced tag word.

To meet the scientific objective of the CRT some indication of the direction
of the incoming particle is-also necessary. Therefore, for cach PHA event an
{ndication of the orientation of the spacecraft (one of eight possible sectors
is also placed in the tag word of PHA event.

Rate Data
The HET system has assigned to it, 9 accumulators (R -Rzgrexculaively and

shares 8 accumulators (SR1) on a fifty-fifty basis with the -1 system. (See
Table 2H.
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Referrving to Table 2H it {s seen that: only vate 1 {s not commutated,
rate 9 Is covmutated between {our rate cquations by the bit labeled A/B,
an! SR1 is cormutated between two rate equations by the bits §61 and $52. All
other rates are teseled equally betuween the two rate equations shown in Table
21 by bit A/B except rate Sr1 which is contrelled by bits S51 and 5§52,

Bits A/B, S1, and 52 are derived in the experiment data system and their
periods are bit rate and format dependent i.e. A/B chanpes every 32 §/C frames
in format A, every 64 franes in format B and A/D, and every 128 §/C frame in
format B/D. S1 changes every other A/B and S§2 every other 51, (Standard
ninary ripple through counter)

Bits SS1, $52, and $53 also come from the data system but in noreal
operation are simultanecously bit rate, format, and S/C spin rate dependuent .

See data system section for operation of Sector Synchronizer. For the
present only note that in normal operation the §S1, §S2, and 553 bits may only
change after an {ntegral number of s/C revolutions. Again ss1, $S2, and 553
are generated in a binary ripple counter.

1ET=-1 SYSTEM

PHA Data

There arc two scparate coincidence conditions which will initiate a
pulsc height analysis. They are:

1) DI DILF _
2) DI DII IDF

In 1ET-1 there are four detectors. Since only three channels (apain A,
B3, and C) are available they are assipned to detectors pi, D1I, and E respecs
tively. Since the above PHA equations require detector F to have no pulse
nothing is lost, The LET-1 PHA's, like the HET PlA's are the lincar, capac-
{tive descharge type using the fated delay line oscillator to produce 66 KH=
channel address advance pulses. The channel number is related to {ncident
particle enecrgy loss in cach dctector as follows:

pr - 0.1 MeV/Channel
DII - 0.1 McV/Channel
E - 1.0 McV/Channel

The LET-1 PHA system is, like the HET system, priority oricented. The
LET-1 system operates in responsc to the §1 bit as follows: ‘
$1=0 Analyze either type of event as often as they occur.
Sl=1 Analyze DI DII F type events as often as they occur until a DI
DII ©D event occurs, then analyze only the ZD events until data is
rcadout.,

The S1 bit is the same bit that was applied to the HET lincar electronius
and hence, changes every 64 §$/C frames.



“he 1ET-1 system is assigned four rate accumulators exclusively
ard 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 1LY shows that rate 10 is the accunulation of an intepral analveer
wiivo s cerrutated through eight levels by bits A/B, S1 and 82, 11, 12, and
1) oare comroutated tWo ways between the indicated rate equat ions by bit AfB.
ire 14 mas 4 levels d cormunicatfon in the LET-1 system and another four in
rhe LET=2 aystem for a total of 8 levels of commutation controlled by bits
A/B, S1, and S2. sr1 is commutated through the last two, of four levels, by
bits SS1, and $SS2. The other two comutator positions are assigned to the HET
systen, : » :

1ET-2 SYSTEM
‘piA_Data
There are no pulse height analyses associated with the 1LET=-2 telescope.
ware Data

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

Table 112 shows that R14 is assigned to 1ET-2 for the last four of it's
efight levels of cosrutation. The commutation of R14 is controlled by bits
A/8, S§1, and S2 from the experiment data system.

R15 and R16 are comutated through four levels cach, as shown in table
112, by bits A/B and 51, :

The scctored accumulator $rR? is switched between eight rate equations
by bits §51, ss2, $§3, from the data system,

Sectored Rate Accumulators.

spl and SR2, in addition to being commmutated through their respective
cnergy levels, are directionally resolved into eight equal scctors of 45°.
T scctors are generated as the spacecraft spins with the first beginning
at the time fo the roll index pulse. Each sector is assigned a scparate accum=
ulatore.
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Hara Format

T.e Pioncer spacecraft data formats for {ormat A and format B are
s in Figs. D1 and n.

FRAME SYNC

x:‘ 7///}/!

21 22 FE I
| L
1 IR I Iy R D
Ca Da
1 L 1 |
f} She =36 §7=38 ‘ T' - l\ N
FORMAT SUBCOM ENGINEERLY \ETg“LE\ ax

SUBCOM \\;iiégifuwx\

):9/:/;;jijjj::;/i:i;/j://iif//// hs )
/ b / s
4“9 oo sl s < —hu ) i

53 55 lce
Aa Ga
K | | ! 1 : l
57 i) 159 LI 'S ¥) i3 Vi
Ga Ba
1 | 1 | | |

Fig. D1 S/C Mainframe format A



Data Format
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data formats for f{ormat A and format B are

Fig. D1

§/C Mainframe

2 : 3-8
ynag BIT :
bt RATE
10 10 FRAME SYNC
7 y ../ o 13 “ /s |4
/ /// /X
f,f// o ///'/&/
i ya / /
jii/;://g 18 21 .22 23 I 2u
E; Ca
/ /// 1 l | l l
% O6 P &7 | pE:] <9 | 30 ER I3
Ca Da
| | | ] |
EEED ST 3i=in “w;\;\\ \
FORMAT SUBCOM ENGINEERING ‘(Cm ,‘nck
1D ID SUBCOM CQM g
f;}/f 1 A2 1 43 | W5 Tue w7 Tog
’ £b ///// Aa
; i |
w9 LB I sl I 52 53 54 55 e
Aa Ga
| { | | . |
57 Y8 BEE) 160 lel ¥ 62 lou
Ga Ba “
| | | 1 1 |
format A



€ RATE | el Dl
Al
i i 7. T 77 }/ 7/ 7 /,)
’ /y/ g /f” ff . 4 /j‘¢
Fa //, SRS ST S
I
| | /// /Li///x
.Y -'A/ 1 ? ‘ o '&l i & ‘. 2
&
E / £ Ca
v | ! | { |
n i. V.= - | I i |
Ca Da
, ] | | |
BERRS I T 1F 31738
FORMAT SuBcoM ENGINCERING
10 v 10 SUBCOM
. " "‘*é ) 1 uu I3 g
Fa
| 1 |
-3 I« LES b ! -+?~
Aa Ga
| | | | i
Ly Teo o | ! le2 ‘ 1
3a Ba
\ | | I ] | |

Formats A and B are only operating modes {n which experiment data is
outputed to the spacecraft. The words shown crosshatched are allotted to the
GSFC experiment. It is scen that the CRT receives three M/F 12 bit words in
format A and onc S/SC 6 bit word, Inm format B there is one 12 bit M/F word
and on $/SC 6 bit word the S/SC word is only present (to the CRT) in one
of cach 64 mainframes and will be used as a starting point and synchronization
check in interpreting the output data.
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Foroat A
the experiment is assigned three M/F data

As shown in Fipure D3 below
s how the data is assigned to

words Ec, Eg, and Eb. Furthey Fig. D3 show
these words within the {nstrument..

SECTORED RATE SEQUENCE 1D

UNSECTORED RATE SEGUENCE 1D
B1T LOG COMPRESSED 10

3 544 10
R oseo 10

1o

12 BITS.

U RATE wORDS ARE ks

F16uRE 3.1 1z

i SR e

o N ) -
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© a4 | FLET-RG [ eTeAL | :
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) -

e ————
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Figure Di-Data to Word Assignments GSFC/CRT
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1f fra~e number N i8 arbitrarily assigned to the one f{rame in 64 which
“wT ie assipned the gsC wd (Wd 30 P gE-1), we shall 1¢t the data f{rame
Catyich the mext frave. i.€., v+1 in Fiz. D3. ' o
In Fra—e hel, Fiz. 03 shows that word e contains HET tag data, wor?

Fa contains HET-A (A=DctA of Det CiIl. See HET PHA section.) PHA data and
word Eb contains scctored rate l-scctor 1 (5R1=1) data. In frame N+2 word Ec
contains HET =B (Det p), word Ea contains WET-C (CDETCI4DETCII), and Eb con-
tains SR1-2, '

In frame Y43 LET-1 PHA tag data is read out in word Ec. Word Ea contains
1ET-A (Det DI), while word Eb continues the rate data: SR1-3., In {rame
w+4 1ET-1 PHA data is cont inued in word Lc, 1ET-B (Det DII), and word Fa,
157-C (Det E), while word Eb has SR1-4. '

In frame N+5 words E¢ and Ea return to HET tags and HET-A and the frane
sequence continues {n the manner rodulo four. Word Eb, however, continues
¢+ wequence through SrR1 (=5, 6, 7, and 8), SR 2 (-1, 2, 3, 4, 5, 6,7, 8)
and unsectored rates 1, 2, 3, 4, 5, 6, 7, 8, 10, 11, 12, 13, 14, 15, 16, (see
sections on HET and LET rates for the rate equation of these rates in terms
of detector outputs). At frame N+33 word Eb reads out SR1-1 again and the
rate data has come full cycle in 32 framecs. At this time the A/B bit is changed
and the unsectored rate accunmulators step to count on the next, in its pare-
ricular rate equation scquence. The cycle continucs, this way for 31 more
framos at which time (n+64) the S 5C Wd is again applied to the CRT experiment
and the complete data cycle is begun ancy with the next (N+65) frame, In this
pew cycle (64 frames) the PHS priorities have been changed (See WET and 1LET PHA
wections) and the rate accumulators are once apain advanced to the next vate
cquations

The experiment continues in this manner as long as the spacccvaft is in
format A,

A description of how to extract the exact rate equation for cach word
Eb rcadout and how to establish the exact source of the THA readouts will be
given f{chirwing the Format B scction.

[

Format B

Since the CRT experiment now receives only one M/F word and it was not
desired to sacrifice one type of data for another it was necessary to rcadout .
both types of data in word Ea. This was accomplished by alternating the 32
cate readouts with 8 PHA event readouts. NOTE: 1 PHA event {8 readout in
4 words therefore 8 events take 32 frames.
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Figure D4 shows the word assignments in Format B.
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Figure D4  Data to Word Assignments Format B GSFC/CRT
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o N S BN S S L cewserlrracalur S sume iF
fopoat A, o Twmawel, At Cuaule be noted that ovole heping one lrame TELE vl
ve spegt b the 55C Wd, L.e., gnlel now is vead out {n the sccond frame tol=

Jinp the S5C WL (frame W+2). following the rate data come 32 frames of
VoA Jdata, N34 to w465 and the SSC Wd is once again received from the s/cC
anl the experiment begins into cycle once again with SR1-1.

Form A/D B/Ds

Dt a Synehronization

As was scen in the HET and 1ET descriptions the bits which control rate
¢ puation a given rate readout was accumulated under is controlled by the bits
A'd, §1, and 82 for unsectored rates and $51, §52, and $53 for sectored
rates. These bits are readout once each 64 frames by the SSC Wd (Wd 30, E-2)
{n the format shown below:

52-51-A/B-553-552-551

_The unsectored rate counter {s advanced cach 32 frames on Format A and each
&% frames in format B. In addition, in format A the unsectored rate counter
124 4s reset by the SSC Wd and will therefore be equal to zero at readout time.
The pusher readout in bits (52, S1, A/B) will always advance by two and be an
cven nusher (L.e., A/BFL). In format B this flip-flop is not vesct and will,
(herefore, advance by one cach SSC Wd readout.

The bits $S1, $S2, and 553, of the sectored rate counter arc dependent
upon the S§/C spin ratc and therefore may change asychronously with the 82,
S1, A/B bits. Therefore in order to give a closer indication of when ths
counter was advanced the 551 bit ot the counter is readout as bit #7 (LSE#5)
of the HET-tag word (Sece Figure D5). The criteria applied to determine which
rate cquation a read out sgctored rate was accumulated under is dependent on
whether or not the experiment has its scctor synchronizer on or off. The
status of the s.s. is found by examining bit 8 (LSB+4) of the HET-tag word,

5.ctor Sync Inhibited

The sectored rate data should be treated in the same manner as the
unsectored rate data, i.c. the 5 seg ID readout in Wd 30 (S5C Wd) {ndicates
the rate cquation under which the following 16 sectored rate rcadouts were
accunulated. E.G. If the § seg 1D in Wd 30 were 3 this would indicate that
the following scctored rate data were accumulated as follows:

Sectored Rate 1 = SID = DIDIIE F
sectored Rate 2 = S2D= §I3 STI SIIa STI1
The sectored SEQ counter is advanced every 32 frames, therefore, the next

sectored rate data readout were accumulated under S SEQ 1p-4. 1t is NOT
posaible to have redundant readouts with sector sync {nhibited.
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Sector Syne Mot Inhibited

In this mode the internal scctored SEQ counter can only be updated at
the time in the telemetry {rame when unsectored rates are being readout and a
prescribed number of §/C rolls have been completed,

To obtain sync with the sectored rate data one proceceds as follows:
Note the reading of the SSEQ ID previously noted in Wd 30 (55C Wd) if bit 7
does not change state the data in the following sectored rate veadosuts is

o boodant and should be discarded). Bit 7 of iET-tag Wd should be contin-
woo-tv monitored for state changes and § SEQ ID mentally increascd by onc for
var o cnange noted. A check may be had at each Wd 30 by comparing S SEQ's 1D.

As an exanple suppose the § SEQ ID in Wd 30 were found to be 6 and during
the next 32 frarmes examination of bit 7 of HET-tag Wd showed no state changes,
The following data in the scctored rate words whould be rejected as redundant,
SEQ. ID 5 Data {f {n the next 32 frames bit 7 changes state, (change the mental
S SEQ ID to 7) sectored rate data this following readout would be {resh data
and {t accumulated under § SEQ ID = 6, Secctored rate = l= S1C=DIDIIF scc-
tored rate 2 ® $2G=S1 SII3 SIla SIII. At the following word 30 (S5C Wd) the
$ SEQ ID should be verified: It should read 7.

In order to know the type of event (Sce HET and IIT PHA scctions) readout
in the PHA words the event is modified by its accompanying tag word. Fip-
ure D5 shows the format meaning of both the HET and LET tap words.
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ne sector in which the event was. encountered is found in bits 1, 2,
a0 3 Af the tawg words, For a LET event the type of event (ZD of TD) is
covealed in bit 4 (the rest of the 1ET tag word is filled with ones). -For
a VN7 event an indication of the contribution of the CII detector to the
channel nuwber readout din the HET-C (FCI4CIT) is found in bit 4 of the HET tag
word., 1f the CIT threshold (MeV) fis excecded the bits is 1 if not, a zero.

The type of event that trigpered the HET analysis is contained in bits 5
and 6 of the HET tag word. If bit 5=1 the HET A detector CIII {s output,
I: a zero' HET-A is reclated to detector A's output. Bits 4 and 5 provide
. ~re information as to the coincidence conditions resulting in the analysis
when modified by the S1 bit readout in SSC Wd (sce HET PHA scction for priority
description).

Bits 7-8-9 of the HET-tag contuin {nformation on whether the sector sync
{s on or off (bit 8), when the bit 5S1 togrles (bit 7) and whther the ex-
periment {s in the high power mode or not. (bit 9=1 for high power) Bits 10-12
of HET tag word arc unused.

ANALOG DATA SYSTEMS
The analog outputs of the CRT experiment together with the experiment

mector (08545<31) pin number are shown in Fig. AD] below,
SC WORD

Pin Noober (FMT. E-1) Data
24 Wwd 25 Power Supply Mon (Temp)
26 wd 28 DET Temp (ARC-Therm)
27 wWd 26 P:wer Supply Mon. (Voltage)
28 wd 27 Calib on/off
29 Wwd 29 +RV Mon
30 Bit Wd 24  CRT Status

These analog output on pin 27 is an efight level commutation of sevén
voltape outputs of the experiment power supply and a ground position. The
voltazes in order of commutation are:

1)y ov

2) +i2v
3y 47,75V
4) 46,25V
5) +4.6V
6) =2V

7) =6.25V
8) =12V

All voltapes are converted to the range 0.0 <V<3.0 before they are scent
to the spacecraft quantizer.

The out-put on pin 28 indicates whether the CRT is being stimulated by
{t's internal calibrator. (OV=NO; 3V=ycs)

The output on pin 30 supplices confirmation of the format in which the CRT
{s operating and, of course, should agree with that of the $/C. Pin 30=0V for
format A and +3V for format B. '



-18-

1. output on Pin 24 comes from a thermister mounted directly on the power
supply=-input regulator-scries transistor and serves as an indication of the
dissipation of that device,. :

The output on Pin 26 comes {rom the Project Office supplied thermister
which is mounted directly to LET-1 telescope housing,

DATA SYSTEM

The data system of the CRT may be broken up into two major arcas:
The "COSMIC RAY INTECRATED MOSFET PROCESSOK' (CRIMP) and the INTERFACE DATA
sysied (1DS)

Crizp

The Crimp system is a design using LST MOS technology to produce a logical
buflding block normally referred to as a "bug." Some of the "bugs" used
{n the Crimp are:

1. Universal 4 bit MOS cormutator C-1074
2, 10 channels of switch C=1070

3. Tree Bug

. Mars bug

5. ATX, most bug C=-1276

The hearts of the Crimp system are the Mars bugs which cach contain a
2% bit accumutator, a 24 bit to 12 bit loparithmic compressor, readout
catvs which with suitable control produce the 12 bit compressed word as 3
botes of 4 bits cach. The compresscd word is penerated on command by dis-
connecting the accumulator input, transferring the contents to a 25 bit
shift registoers, shifting right until a "1" is found in the MSB of the resister
or 31 shifts have been made; counting the number of shifts required in a
5 bit counter, reading out the counter as the first {ive bits (characteristic)
and the 7 MSB's of the shift register (after discarding the "1 in the MSH) as
the last seven bits (Mantissa). It {s scen that {f the numbers accumulated is
greater than 255 there will be some uncertainty in the number duc 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 cach accumulator are 12 bits of interim storape, 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 cach. The PHA data
{s 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 {t modifies.

The Crimp contains circuftry necessary to produce the data format of the
CRT. 1In a 6 stage binary counter, which is resect to all "1's" the the S5CWd
(Wd 30 E-1), the Crimp kceps track of which frame it {8 {n and scts 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 {t is
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gocessary to know where in the frare you are. Yor this purpose the Crimp
hao a sub counter (3 biteset to all "1's™ by the §5C Wwd) which modifies the
coarse address generated by the 6 bit counter reading out the 8 words

of A data. Sectored rate (SR1 and S$R2) accurmulators are selected on the basis
¢ binary welghted lines from IDS which are decoded to one of eight lines

., a "tree" bug in the Crimp. These lines in conjunction with a low "po"

signal from IDS enable the Crimp to scquent fally select the eight available

accumulators are frozen,

~

. INTERFACE DATA SYSTEM
The functions of the IDS are fourfold:
1. Provide specified impidence rmatching at the S/C-Experiment in-
terface. ) :
2. Provide interface between the MOS of the Crimp and the TzL of
the IDS,

3. Generate all necessary timing and control signals for operation
of the experiment in gathering data.

4. Generate necessary timing signals to output data to the space-
craft date system.

$/C Experiment Interface

The IDS meets the required interface specification through the use of
dscrete amplifier on the input signals and discrete passive components out=
put sigznals,

Crimp-IDS Interface

The IDS makes the voltage level shiftsnpecessary between the MOS logic
levels of the Crimp and {ts own transiptor=-transistor logic through discrete
covpunent inverting amplifier on all lines crossing the interface.

Timing and Control Signals

The 1DS provides signals to both the linear system for PUHA, control and
rate commutation, and to the Crimp for accessing and fetching data for read-
sut to the S/C.

The PHA's, their respective counters and tag registers in Crimp and IDS5,
and the control signals operate as shown the simplified block diagrams and
timing diagram, figures IDS 1 and IDS 2,

Encrgy loss data from cach 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 dignal from cach group of three PHA, desipnated’
HET BUSY or 1ET BUSY 18 a pulsc whose width is at lcast 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 frow
ot lapping the one in process.  The TE of iy alse initiates the transicr
acd reset pulse wmhach rmoves lata freo the countevs 10 intermediate stovape and
vares the counters and prAts for future analvsis. The {dentifyving tag
{ated with cach event are strobed into the tag bit repister in 1DS

P

Ceerriy after the in of BUSY. Subscquent evenls nay be analyzed and written
inro intercediate stovagc, erasing all previous data. This is controlled by
tr rlority system discussed sbove.

once ecach 4 frames in format A or cach 8 frames in format B, {mmediately
price to a PHA event readout. The PIA's are inhibited so0 that no analysis

an take place, and the STU 32 Kiz colck (after being divided by 2 to produce
16 gHz) is used to 'serially shift all data for both HRT and 1ET events into
readout storape. This data is fetched by Crimp under control of IDS in ex-
actly the came way ai rate data, i.c. by addressing cach register sequentially
and causing its dara to be gated onto the output data bus. This is discunsed
in +ore detail later.

IDS also contajins LWo counters, cach with a capacity of 3 bits, which
co-rwtat fon or rate data within the linear system. This allows the
counters of Crimp to be used for counting many more discrete coandci=
dence rates from the various detvctor systems. Since the rates are basically
af two Lypes, sectored rates and unsectored rates, these twWo counters are
called the sectored rate sequence counter (SRS) and the unscctored rate se-
Guenve counter (URS). The cormzrutatuion sequence of cach has already been de-
scribed above. Operation and timing of cach is described here.

The unsectored rate sequence counter is advanced by one count at the ond
of each unscctored rate accumulation interval as defined by the telemetry
¢spmat in wse, In format A, this occurs once ecach 32 main frames on the LE of

. first Main Frave Word 14-17 (£a) following the occurance of the subcom
worid E1=30 (SSC wWd) and 32 frames thercafter. The advance pulse also inftiates
loy conversion of w11 unscctored rate counters so that, on the TE of Fa, now
rate data is converted and rcady to be {etehed for readout in Miwd 4l1-4i (Eb).
The URS is always advanced every 32 frames in format A. In format B URS in
Wtvanced every 64 frames, also on the first main frame word Ea followiiw the
Loneon word E1=30.  The unscctored rate data is thus converted and ready to
be fetched on the TE of Ea for rcadout. The rate data readout cannot conmmence
on MEWd 41-44, as it did in format A, however, becausc Ea is the only word
present.  Thus, {n format B rcadout of rate data commences on the second Ea
afrer E1-30. :

In contrast to the above, the scctorcd rate scquence counter (SRS) can
wlvance on one of two signals, either svachronously with the URS as described
above, or in accordance with the Roll Index pulse (RIP). In the former Case,
advance of SRS is synchronize with telemetry and has been fully described
above. 1In the latter case, advance is synchronized with the S/C spin. One
of these two signals is specificd by the sector synchronizer command {1lip-flop
and is indicated in the HET=~tag word.

O
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3.0 ENGINEERING DATA

The CRS outputs 26 Engineering Data Parameters (see Table 3.1) into the
Engineering section of the GSEE data stream. They contain analog house-
keeping data for the instrument. It is required to display their initial
values and provide them full capability of standard processing and display,



TABLE 3,1 CRS ENGINEERING CHANNELS

CHANNEL TITLE NESCRIPTTON
NUMBER § TYPE

TBD A CRS TTEMP CRS Telescope Temperature.
0,5 - 0.6 VDC Analog Signal,
Deck TBD,

TBD A CRS ETEMP CRS Electronics Temperature.
0.5 - 0.6 VDC Analog Signal,
Deck TBD.

TBD TBD TBD TBD - Multiplexed Instrument

Engineering Data, Approx. 2u Different
Parameters,

0 - 3 VDC Analog Data, Multiplexed,
Deck TBD,
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International Business Machines Corporation 6611 Kenilworth Avenue
Riverdale, Maryland 20840

January 24, 1972 Q .

National Aeronautics and Space Administration
Goddard Space Flight Center
Greenbelt, Maryland 20771

Attention: Mr. Peter Bracken
Subject: Pioneer Data Processing System

Gentlemen:

The attached memoranda describe our understanding of the current
requirements for the Pioneer Data Processing System.

Very truly yours,




Date:

Fﬁ;m (.Iloc‘a-ﬁon

or US mail address):
'Dept. & Bldg.:

" “Telephone Ext.:

January 19, 1972
Scientific Data Analysis

KE-2/Goddard

Subject:

Reference:

To:

M02-8416-11

Meeting with Dr. Teegarden concerning the Pioneer Data
Processing System. :

G. J. Palfi

Attendees: ’ Mr. Pete Bracken (NASA)
Mr. Talcott Brooks
Mr. Ted Smith
Dr. Bonnard Teegarden (NASA)

A meeting was held with Dr. Bonnard Teegarden on January 14, 1972
to resolve some issues concerning the PHA Summarizer and the PHA
Summary Plot program of the Pioneer Data Proce ssing System. As a
result of the meeting and subsequent telephone conversations, the following
decisions were made:

PHA Summarizer

l. Each file on a Summary tape will contain data from a time
interval that will be constant for the entire flight. The begin
and end time of the interval will be rounded to the nearest
quarter of an experiment cycle (64 frames). It was not decided
what the time interval would be (perhaps 5 — 20 days), but
Dr. Teegarden said he would decide that at a later date.

2. Each file on a Summary tape will consist of a header record
followed by one or more data records. The first record
(header record) of each file will contain at least the following
information:

Start and End time of Summary

b. Attitude information to be used in conjunction with the
sector identification. Dr. Teegarden said he would later
decide what attitude information was required.

c. Number of events and total time (excluding the time during
data dropout) for each event type during the summarized
interval.
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The second and remaining records of the file (the data records)
will consist of entries that contain the frequencies, in each of
4 priority modes, of events that have the same event type,
amplitudes, R value, and sector values. It should be noted
that these entries are determined by:

(a) sorting all events from the PHA tape according to the
following fields in decending order and from-left to right:

ETTA--- AB--- BC---CRSSSPP

where E = 1 for HET
= 0 for LET __
TT = 00 for A1 A2 BCIII

= 01 for AZBCIII
=10 for (A2K1+ A1 CI) BCIII
=11 for A1 BK2 CIII
A, B, C = Amplitudes for detectors A, B and C respectively
R=0 CII threshold not exceeded
1 CII threshold is exceeded

0-7 Sectors 1-8 respectively

SSS
PP

0-3 Priorities 1-4 respectively

1

and (b)

summing events with identical E thru S fields according to the

4 priority modes. These 4 frequencies along with fields E thru S
will comprise an entry in the data record.

Summaries generated for a time interval other than the constant
time interval mentioned in 1 above will be written on a unique
tape. The format of this unique tape will be identical to the
normal Summary tape.
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PHA Summary Plots

1. The PHA Summary Plots will be produced on a 128 by 128 grid.

" They will express the frequency of occurrence of the various data
point readouts of two Pulse Height Analyzers for a range of possible
readouts of the third Pulse Height Analyzer. The plots will be
generated using compression factors which will allow the plotting
range of Pulse Height Analyzer readouts to be increased at the
expense of the resolution of individual readouts. The following table
shows the correspondence of compression factor with range of
readouts plotted. The ability to plot all possible combinations of two
Pulse Height Analyzers within a detector will-bé incorporated.

Compression Range of PHA Resolution

Factor Readouts Plottéed Readouts/Plotted Point
1 0 - 127 1
2 0 - 255 2
4 0 - 511 4
8 0 - 1023 8

16 0 — 2047 16

32 0 — 4095 32

2. The program will have the ability to plot the data for one or more
event types, either in separate plots or on the same plot. When
plots are desired from only one summary period, any or all of the
possible plots can be produced by performing multiple passes through
the data for the summary period. When plots are desired from
multiple summary periods, only a limited number of plots can be
produced in one pass through the summary data due to main core
storage limitations. The program can plot multiple summary periods
either all on one plot or each on a separate plot.

3. The plot data can be screened before entering the plot grid. This
screening can be based on the range at the third Pulse Height
Analyzer readout, the sector information associated with each data
point, or the priority mode in effect during data occurrence. In
the case of the HET data, the status of the CI-CII threshold bit
will provide an additional screening criteria.
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In addition, screening can be performed through the correlation of
readouts from two Pulse Height Analyzers. This can be accomplished
by checking one PHA value against that derived from-a function based

. on its correspondence with another PHA value. The incorporation of
this technique might become so involved as to eliminate its feasibility
within the time period at the PHA Summary Plot Program.

Unresolved Issues

In order for the Pioneer Summarizer Specifications to be completed
the following items must be resolved by Dr. Teegarden:

The time interval to be summed during normal production.

2. The attitude information required in the header record on the
Summary tape.

3. The procedure required to verify that the equipment counting
the events/second (rates) is working correctly. To verify
this, the PHA readouts will be analyzed to approximate the
number of particles counted and then compared to the rates
readout. It is not clear at this time whether such a procedure
can be defined and thus may not be included in the PHA
Summarizer.

o T A

. K. Brooks

T. Smith
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. Date:
From (location

or U.S. mail address):

. roe
. Deptt& Blc_!g_.:

Telephone Ext.:

KE 2/Goddard

o gt 5

January 20, 1972
Scientific Data Analysis

SISV

Subject:

Reference:

Meeting with Dr. Teegarden concerning the
Pioneer Data Processing System

Memo dated January 19, 1972 -- Same subject

To: George Palfi

M02-8416-11

Attendees: Dr. Bonnard Teegarden (NASA)
Mr. Ted Smith

A meeting was held with Dr. Teegarden on January 20, 1972
to discuss the unresolved issues mentioned in the memo referenced
above. The objective was to obtain a '"best guess'' as to what general
statistics and attitude information was required in the header record
on the summary tape and to further define the time interval to be
used during normal production of the Pioneer PHA Summarizer. As
a result of the meeting the following decisions were made:

1. The time interval to be summed for a normal production run
(hereafter referred to simply as the '""summary interval'') will
be an even multiple of full days beginning at the first second of
a day. The summary interval is expected to be between 5 and
20 days and will be changed infrequently (i.e., once or twice)
during the life of the satellite. A summary interval will not
overlap with any other summary interval in the production data
base.

2. The header record will contain at least the following information:
a. The start and end time of the summary interval.

b. The attitude information to be used in conjunction with
the sector identification. This information will be
copied from the first record (i.e., experiment cycle)
of the summary interval on the Pioneer PHA tapes and
will include:

1.) Roll attitude timer
2.) Spin Period



Meeting Report Page 2 January 20, 1972

3.) Roll pulse/roll index phase error
4,) Roll attitude time

C. "The total of the rates data (i.e., the number of events
that occurred) during the summary interval as a function
of the event type.

d. The total time that the rates data was accumulated for
during the summary interval as a function of the event

type.

e. The total time that the PHA data (includes both good and
null events) was accumulated for during the summary
interval.

f. The total number of PHA readouts that resulted in
null events as a function of the priority.

3. The information that will be printed by the Pioneer PHA
Summarizer for the summary interval will include the following:

a. The number of events that occurred per second as a
function of the event type.

b. The possible error in events/second described in
a. above. This will be printed as a function of the
event type where:

error = + events/second

\}number of events

c. The number of rates readouts as a function of the
event type.

Prepared by: w ()rﬁgl/\uj(%

T. P. Smith




. Date: January‘ 20, 1972
From (location
~ or U.S. mail address):

_____ ’Ee'pt.g Bldg.: KE4/Goddard

Telephone Ext.:

JLIBINL

subject: ~ Specifications for the Pioneer Data Reduction System
Reference:
To:  File
Attendees: - Dr. Boﬁnard J. Teegarden |

Mr. Pete Bracken
Mr. Don Stillwell

Mr. Charles Dickman-
Mr. George Palfi

Mr. Joseph Novitsky
Mr. Talcott Brooks
Mr. Ted Smith

A meeting was held to discuss the design specifications for the
Pioneer Data Reduction System. The following items were discussed:

1) The specifications for the Pioneer D.R.S. should include a
discussion of the various operational modes for creating the
PHA and RATES data bases and the utilization of only three
tape drives for a single production run.

2) The Daily Data Quality Summary Report should include the
following additional information:

(a) Hourly averages of the PHA Event Rates data

(b) Times associated with bit rate and format changes and the
corresponding bit rate and format indicators.

(c) Null events (all three detector readouts equal zero) will not
be included in the number of event types for priority mode.

3) Don Stillwell will contact JPL or ARC concerning data overlap
elimination.

4) The time assigned to the data on the PHA and RATES tape will
be the actual sampling time.

— | A,
%J

. A. Novitsky

M02-8416-11
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THE CRITERIA APPLIED TO DETERMINE WHICH RATE E.'UATION (SEE TABLE 1)
A READOUT SECTORED RATE WAS ACCUMULATED UNDER IS DEPENDENT ON
WHETHER OR NOT THE EXPERIMENT HAS ITS SECTOR SYNCHRONIZER ON OR OFF,
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SECTORED RATE DATA WERE ACCUMUTATED AS FOLLOWS: (REF. TABLE 1).

SECTORED RATE 1 = SID = DIDIIEI'F‘

» SEC?ORED RATE 2 # S2D # SI3 S1I SII, SIII
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gEXT SECTQRED RATE DATA READOUT WERE AL UMULATED UNDER S SEQ ID=4.
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NOTE THE READING OF THE SSE" ID READOUT IN WD 30 (SSC¥DY EXAMINE BIT
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BIT CHANGES STATE THE DATA TO BE PEAD QUT IN TRF, TOLIOWTIG SECTORED
RATE READOUTS IS FRESH DATA AND WAS ACCUMUTATED UNDER. 5557 I.0.
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THE DATA IN THE FOLLOWING SECTORFD RATE READOUTS IS EEDUNDAIT AID
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MONITORED FOR STATE CﬁANGES AND S SEQ ID MENTALLY INCREACED LY ONE
FOR EACH CHANGE NOTEDR., A CFECX VAY BF HAD AT TACH ''D 270 Y COMPRING
S SE0 ID'S,

AS AN EXAMPLE SUPPOSE TFE €' ID IN ¥D. 22 “ERT FOUND T2 T. ~ D
DURING THE NEXT 32 FPAMES EXANIMATION OF BIT 7 o] HET-T:C "7 SIOVED
NO' CTATE CHANGES. THE I’OLLOWB«G DA"’A IN THE oEC.‘TOREE "}"E et

WOULD BE REJECTED AS REDUI‘DANT XXXXBXXXXXKK IF IN THE NEYT 32

DO NOT TYPE MESSAGE BEYOND THIS LINE

" —
FRAMES BIT 7 CHANGES )TATE CHANGE THE MENTAL S.EC m TO 7

3 :ﬁ"’:ﬁ'f LR
SECTORED RATE DATA wovm BE FRESH DATA AND mm—mcwmmn ‘

(CONTI}{UED) PAGE NO. NO. OF PAGES
2 3

NAME AND TITLE OF ORIGINATOR (Type) ORIGINATOR'S TZL. NO. CATE AND TIME PREPARED
M. JOYCE, ELECTRONICS TECHNICIAN 5837 9/16/71 3:00 p.m.

. SECURITY CLASSIFICATION

I certify that this message is official business, is not personal, and is in the interest of the
Government.

(Signature)

GSFC 11-11(4/69) GPO  043—16—80056~1 347-735
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AT THE FOLLOVING WORD 20 ($SCVD) THE € sE0 ID SHOULD BE VERIFIED: IT

LHOULD READ 7
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Section No. 3.1.1

Doc. No. PC-260.05
Orig. Issue Date L-1-70
Revision No. 5 (5-25-70)

Revision

TABLE T
(SECTORED RATE
SEQUENCE NUMBER)
RATE DETECTOR ¥UNSECTORED RATE
DATA COINCIDENCE SEQUENCE NUMBER
) S1A Al—A_EBCICIII (2,5)
CIIT 2.5
2 S1B A_BK,CTII (2.5)
3 81C DIDIIF (3,7)
< 31D DIDIIEl— (L,8)
5 824 SI,STISII,SIIT (1)
L S2B 312§I'TLSII&S 1T (2)
y s2¢ 813‘1’15 I,5TI1 (%)
$ S2D SI,STISIT SIIT (L)
3y a
9 S2E SIsII,SIT STTI ()
ST STT STTI =)
16 S2F ISTI SIL SIIT (<)
1 S2G S—SII3S T, STIT (73
| 5 S2H éisz:thszla.s:tn ()
/371 (A+ACT)BCIIT |  #i-3
! 4 R2A A BCITI ®LLZ20T ¥
/ 7 R2B A,BK_CIII Z.-.C.2 ¥
16 R3A A, BCIII ¥_.3.2.7x
7R3 | ABKTT 22,12, 0
1§ RLA A_BK. CICIT ~ ¥.2,5.7K
fud fd
19 RLB Ay LN g
2035@ A_BK_CICIICIIL ¥1,3.5.7 v
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Section No. 3.1.1 (cont'd)

Doec. No. PC-260.05

Orig. Issue Date L-1-70

Revision No. 5 (5-25-70)
Revision

TABLE T
(SECTORED RALTE
SEQUENCE NUMBER)
RATE DETECTOR *¥UNSECTORED RATE
DATA COINCIDENCE SEQUENCE KUMBER
2\R5B) | A, *2,L.6,3
22 R6A AlKEBEi ¥1,3,5,7
>=R6B AlI\.'2BCI€I—:f *2 . 1.6,8
2¢R7A AlKQBCICIICIII ¥1,3,5,7
25RTB AEBKlC_I_' *2,4.6,8
>¢R8A AQBch’Ic—IT ¢ %1,3,5,7
>7R8B A,BK, CICTICIII *¥2,L 6.2
zgR9ﬂ' B ¥1,5
29R9B | | CII *2 6
@
3eR9C | | CI 2.7
31ROD ¢ | CIII %L 2
J2.R10A . DIl #1
22R10B DI, *z
34 R10C DI, *2
35R10D | DI, L A
56 R10E DI5 *32
37 R10F DI, #Z
3¢R10G | DI, ®7
39 R10H DIg %3

-12-
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Section No. 3.1.1 (cont'a)
Doc. No, PC-260.05
Orig. Issue Date 4-1-70
Revision No. 5 (5-25-70)

Revision

TABLE I
(SECTORED RATE
RATE DETECTOR SEQUENCE NUMBER)
DATA | COINCIDENCE ¥UNSECTORED RATE
SEQUENCE NUMZER
YoR11A DIDIIF *¥1,3,5,7
4(R11B | DIDIIEDF *2,4,6,8
¢2R12A DIDIIEiF *¥1,3,5.7
43R12B DIDIIEDEéf *¥2,4.,6,6
#¢R13A DIDIiEéF *¥1,3.5,7
45R13B | DIDIIEDE,F *¥2,4,5.,8
v R1LA DT *1
47R1LB | E *z
YSR1UC DIT *3
49 R14D F #h
5O0R1LE ST *5
sIR1LF STIIT *6€
52g1kg SIT *7
53R1LH SIT, *£
SYR15A szléfiSIIas IT *#1,2
55R15B SIE§"ESI STIIT *2 €
“éR15C | ST STISTT,STII *2.7
5)R15D szué‘iSI SITT *L .2

[



Section No. 3.1.1 (cont'd)

Doc. No. PC-260.05

Orig. Issue Date 14-1-70

Revision No. 5 (5-25-70)

Revision

TABLE I
(SECTORED RATE
SEQUENCE NUMBER)
RATE DETECTOR ¥UNSECTORED RATE
DATA COINCIDENCE SEQUENCE NUMBER
28 R16A szsnlsna'szn *1,5
57 R16B SISIIS IaS_II *2,6
¢oR16C SISII 3s'ﬁa.sII'_r *3,7
¢IR16D SISIIMSIIa,SIII *4,8




S SEQ ID
R SEC ID

SECTORED RATE SEQUENCE 1ID
UNSECTORED RATE SEQUENCE ID

U RATE WORDS ARE 24 BIT LOG COMPRESSED TO 12 BITS.

% SEE FIGURE 3.1.1-2
g S/C WORDS| MF, 9-12 | MF, 14-17 | MF, 41-44 E-1, 30
S WEIGHTING211212_2I20 21121(1_2120 D 22 21 20 22 21 20
2 B e R LR Rl
g [TYPE DATA PHA PHA RATE RSEQ ID| SSEQ ID
18/ 3 n LET-BP2| LET-C & R16 ¢ 000 - IXXX |}
—=1iy n+l /] #HET-TAG HET-A 4%% s1-i L]+
|| HET-B B | HET-cC!E| s~
LET-RAG LET-A.P) s1-,
3 3 LETI B ; LET"'\C‘._J Sl gﬁ:« . .
RHET-TAG HET-A  s1 L @ — C;)
> g > e
| LET-B . LET-c | S1 @ -
\ <] 09 | xHET-TAG HET-A . S2
1 n+10 | HET-B HET-C S2
g(i l - T -~ -
LN b B |
I n+l5 | XLET-TAG LET-A Se
f n+16 LET-B LET-C 52
| n+17 | ®HET-TAG HET-A RL .
b l
-
n+31 XLET-TAG LET-A R15 .
n+32 LET-B LET-C R16 i
b - .fm——-f'
2 : n+33  XHET-TAG HET-A S1
P
NN < < ™~
> ™~ > $ B
" n+64  LET-B LET-C | R1I6 © - 010 XXX
3. . n+b5  XHET-TAG HET-A . s1 l
. B ,» P i
< R o P
SIS & S ~ ™~
|4 n+120 LET-B HET-C R16 100 XXX |
.REPRODUCED FROM —4-TITLE -4 PIONEER PROGRAM
— —+ GSFC/CRT TELEMETRY - NASA
— 0 FORMAT PLAN —] AMES RESEARCH CENTER
L - FORMATS A & E-1 MOFFETT FIELD. CALIFORNIA
- -+ DIGITAL DATA —420C NO PC-260.05
T JFe 3.1.1-1
. REV.NO 5  |DATE 5-25_70 JSHEET 1 OF |
N




FORMAT B
FORMAT A
S/C WORD 9 10 11 12
——{ S/C WORD 14 15 16 17
BIT 12 3{1 2 3|1 ® 3|1 2 3

WEIGHTING | 2221 2020 |21 20 {20120 2% 22 21 2o Zgl
* 1 " A

HET-TAGS sec. 1p R S|ssi"oocas

WEIGHTING 22 21 20020020 20 20 20 20 20 20 20
LET-TAGS SEC. ID{O| ¥ 1 1 1 1 1 11

NOTES : v )
g A) % WHEN BIT =0: HET-A = DETECTOR A
B
':1%) WHEN BIT = 1: HET-A = DETECTOR CIII
- 8) A 1711 - voweponer /19 l?ﬂ'“’""
HIGH/LOW PONER o () 0 o - myemepoweR [ oo 1 cws !
C) 0 ANALYSIS CONDITION
D) R = RANGE (0/1) = TBS
—>E) S = LEAST SIGNIFICANT BIT OF SECTORED RATE
SEQUENCE 1D. ’ '
| ) o 1= INHIBITED /€ 'S feggles
F =
) S5 = SECTOR SYNC  _ \or INWIBITED
—REPRODUCED FROM i TITLE -4 PIONEER PROGRAM
- -1 GSFC/CRT TAG BIT - NASA
v E T ommmmoaIon
) [ :: FEBNATS A& B - DOC. NO PC¥260.05
. - I

—JFiG. 3.1.1-2

REV.NO. 5  |DATE 5-25-70 JSHEET 1 OF 1

" .
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DTU-A ON DTU-B ON
Bit 1 Bit 3 Bit 1 Bit 3
Real Time 0 0 0 ¢ . 0 0 1
Memory Readout 0 1 0 = 0 1 1 2
Telemetry Store 1 0 0 H 1 0 1 3

c) Bit Rate Identification. The DTU operating data bit rate is
- identified in bits 4 through 6 of each mainframe as follows:

Bit 4 Bit 6
16 BPS 0 N 0 O
32 BPS 0 o 1 !
64 BPS 0 1 0 =2
128 BPS 0 1 1 3
256 BPS 1 0 0 %
512 BPS 1 0 1 5
1024 BPS 1 1 0 ¢
2048 BPS 1 1 1 7

d) Format Identification. The formats are identified in bits 97
through 101 of each mainframe as follows:

- - Format Bit 97 ~ Bit 101 hroe
A 0 11 0 0 0 s p
A 0 1) o o0 1 9 ¢
B; 0 0 0 0 0 0 4

0 00 0 1

C-1 0 0 Tl o 0 & I
C-1 0 1 70 012
C-2 0 n 1 0 15
c-2° 0 1 100 1032

. C-3 0 0 (1 1 06

it C-3 0 1 101 01+

Gl C-4 0 0 1. 1 1T

5 Cc-4 1 /1 1 112 .

& A/D-1 1 10" o 0 =%
A/D-2 1 11 0 0 1 25
A/D-3 1 1 o 1 0 2¢
B/D-1 0 0 0 0 /6
B/D-2 0 0 0 115
B/D-3 0 0. 1 018

Format ID for the C format is identical to the format ID for
C-1 through C-4. That is, bit Nos. 100 and 101 will sequence
through the binary count 00 through 11 as the C format
sequences through formats C-1 through C-4.

Although the DTU is implemented to operate in Formats A/D-1
through A/D-8 and B/D-1 through B/D-8, only formats D-1
through D-3 are being used on the Pioneer F mission. The
format identification codes are derived from the format
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Page 3.5-34

commands. The five bit format ID code corresponds directly ‘
bit by bit, with the least significant five bits of each
format command number.

e) Subcommutator Identification. The subcommutator position is
Tdentified by bits 102 through 108 of each mainframe. The
total of 7 bits is derived from a divide-by-128 subframe
counter, which is advanced by one count per subframe for a .
128 word subcommutator. Bit 102 is the most significant bit ; .
for the 128 word engineering subcommutator. Bits 103 through =
108 also identify the 64 word science subcommutator with the

most significant bit first.

3.5.2.15 Engineering Subcommutator. The DTU provides in each main-
frame an engineering subcommutator consisting of 128-6 bit words. The
engineering subcommutator appears in bits 109 through 114 of the mainframe.
Information telemetered in this subcommutator is obtained from various
spacecraft engineering instrumentation such as thermistors, voltage and
current monitors, switch positions, etc. Analog, digital, and status (bi-
level) information is accepted by the DTU for telemetering in the engineering
subcom. The assignment of analog, digital, and bi-level channels within
the subcom is shown in Figure 3.5-12. The word,slots marked by an X are
permanently assigned (hard wired) to measurements made within the DTU. ol
Bi-level bit 1 of word 32 is also internally wired. The word assignment 7
for the engineering subcomm is listed in Figure 3.5-13 sheets 1 through 11. '

s : .
T TN S

3.5.2.16 Roll Attitude Timing. The DTU contains a redundant 12-bit
counter which is driven by a 128 BPS clock and controlled by the roll ref-
erence pulse. The 12 bits of the counter are read out with the most signif-
jcant bit first during engineering subcomm words C-112 and C-116.  The
counter is reset with each occurrence of the roll reference pulse, except
during telemetry readout, and advanced by the 128 BPS clock. - The clock
is inhibited until the end of subcomm word C-125. The count stops on word
c-112, is reset on the first roll pulse after the end of word gate C-125.
Counting is then resumed. The 12-bit count represents the time between
the occurrence of a roll reference pulse and the start of word C-112 of
the engineering subcomm. This telemetered time will permit correlating
the attitude of the roll-index reference line with given telemetered science
and engineering data. The redundant roll attitude timer can be used only
by commanding the redundant DTU. Whenever Format C or C1 are commanded,
this information is telemetered at the mainframe rate only and engineering
subcomm words C-112 and C-116 will contain zeros. Each count within the : 2

register represents 0.0078125 seconds.

3.5.2.17 Definition of Specific Telemetry Words within Engineering
Subcomm. ;

a) Stored Command Identification. Engineering words C-305,
C-306, and C-307 contain the stored execute delay time and
the command number of one of five stored commands within the
CDU. To identify which of the five commands and its delay
time are being telemetered in any given engineering subcom
bits 4, 5, and 6 of word C-307 are coded to represent the

five commands.
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Word Bit Measurement Type
E-101 ARC/PA Detectors Temperature A I
E-102 ARC/PA Electronics Temperature A E
E-103 JPL/HVM Spectrum Analyzer/X-Axis Output A g
E-104 JPL/HVM Spectrum Analyzer/Y-Axis Output A ‘
E-105 JPL/HVM Spectrum Analyzer/Z-Axis Output A P
E-106 JPL/HVM Status D s
E-107 LaRC/MD Event Count D 5
E-108 1 UC/CPI Detector D1 Status B ;
2 UC/CPI Detector D2 Status B 4
3 UC/CPI Detector D7 Status B »
4 UC/CPI Priority Mode Status B 1
5 UC/CPI Calibrate Status B 4
: 6 UC/CPI Calibrate Status B 1
, e E-109 USC/UV Electronics Temperature A &
i o E-110 UC/CPI Electronics Temperature A s
: E-111 UC/CPI Egg Current Range 1 A 3
o E-112 UC/CPI Egg Current Range 2 A 3
E-113 UC/CPI Egg Current Range 3 A E
o E-114 UC/CPI Fission Detector D 4
o E-115 UC/CPI Fission Detector D é
Lo E-116 UC/CPI Fission Detector D 4
. E-117 CIT/IR Low Range Temperature A 5.4
§ E-118 GE/AMD Preamp Temperature A b
‘ E-119 GE/AMD Secondary Voltage A :’3
E-120 | A 3
E-121 A 4
E-122 GE/AMD Event Data D s
" E-123 GE/AMD Event Data D 5
4 E-124 | 1 UI/GTT Logic Status B 5
2 | GSFC/CRT Status B Ea
3 | GE/AMD Star Exclusion Status B %
4 GE/AMD Data Readout Status B E
5 USC/UV Channel Status B g
6 | USC/UV Roll Status B '
E-125 ‘| GSFC/CRT Electronics Temperature | A2+
E-126 | GSFC/CRT Analog Data D1 = Az%
E-127 .| GSFC/CRT Analog Data D2 = A&
E-128 GSFC/CRT Detector Temperature + A=7
E-129 | GSFC/CRT Secondary Voltage s A>8
E-130 | GSFC/CRT Identification Data © D29
E-131 CIT/IR Command Register--Part 1 D
E-132 CIT/IR Command Register--Part 2 D
E-201 CIT/IR High Range Temperature A
E-202 JPL/HVM Commutated Housekeeping Data A

Figure 3.5-14. Science Subcomm Word Assignment (Sheet 1 of 2)
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International Business Machines Corporation 6611 Kenilworth Avenue
Riverdale, Maryland 20840

)\
January 24, 1972 Q

National Aeronautics and Space Administration
Goddard Space Flight Center
Greenbelt, Maryland 20771

Attention: Mr. Peter Bracken
Subject: Pioneer Data Processing System
Gentlemen:

The attached memoranda describe our understanding of the current
requirements for the Pioneer Data Processing System.

Very truly yours,

G.



Date:

From (location

JS mail address):
'Dépt. & Bldg.:
’ .Terephone Ext '

January 19, 1972
Scientific Data Analysis

KE-2/Goddard

LIBIM

Subject:

Reference:

To:

M02.8418-11

Meeting with Dr. Teegarden concerning the Pioneer Data
Processing System. :

G. J. Palfi

Attendees: ' Mr. Pete Bracken (NASA)
Mr. Talcott Brooks
Mr. Ted Smith :
Dr. Bonnarq Teegarden (NASA)

A meeting was held with Dr. Bonnard Teegarden on January 14, 1972
to resolve some issues concerning the PHA Summarizer and the PHA
Summary Plot program of the Pioneer Data Processing System. As a
result of the meeting and subsequent telephone conversations, the following
decisions were made: ‘

PHA Summarizer

l.  Each file on a Summary tape will contain data from a time
interval that will be constant for the entire flight. The begin
and end time of the interval will be rounded to the nearest
quarter of an experiment cycle (64 frames). It was not decided
what the time interval would be (perhaps 5 - 20 days), but
Dr. Teegarden said he would decide that at a later date.

‘2.  Each file on a Summary tape will consist of a header record
followed by one or more data records. The first record
(header record) of each file will contain at least the following
information:

a. Start and End time of Summary

b. Attitude information to be used in conjunction with the
sector identification. Dr. Teegarden said he would later
decide what attitude information was required.

¢, Number of events and total time (excluding the time during
data dropout) for each event type during the summarized
interval, :



o
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The second and remaining records of the file (the data records)
will consist of entries that contain the frequencies, in each of
4 priority modes, of events that have the same event type,
amplitudes, R value, and sector values. It should be noted
that these entries are determined by:

(a) sorting all events from the PHA tape according to the
following fields in decending order and from-left to right:

ETTA--- AB--- BC---CRSSSPP

= 1 for HET
= 0 for LET __
TT = 00 for A, A, BCIII

= 01 for A,BCIII

where E

2
= 10 for (A2K1+.A1 CI) BCIII
=11 for A1 BK2 CII1

A, B, C = Amplitudes for detectors A, B and C respectively
R= 0 CII threshold not exceeded

1 CII threshold is exceeded

0-7 Sectors 1-8 respectively

1]

SSS
PP = 0-3 Priorities 1-4 respectively

and (b)
summing events with identical E thru S fields according to the

4 priority modes. These 4 frequencies along with fields E thru S
will comprise an entry in the data record.

Summaries generated for a time interval other than the constant
time interval mentioned in 1 above will be written on a unique
tape. The format of this unique tape will be identical to the
normal Summary tape.
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PHA Summary Plots

1. The PHA Summary Plots will be produced on a 128 by 128 grid.
They will express the frequency of occurrence of the various data
point readouts of two Pulse Height Analyzers for a range of possible
readouts of the third Pulse Height Analyzer. The plots will be
generated using compression factors which will allow the plotting
range of Pulse Height Analyzer readouts to be increased at the
expense of the resolution of individual readouts. The following table
shows the correspondence of compression factor with range of
readouts plotted. The ability to plot all possible combinations of two
Pulse Height Analyzers within a detector will-be -incorporated.

Compression . Range of PHA Resolution

Factor Readouts Plotted Readouts/Plotted Point
1 0 = 127 1
2 0 - 255 2
4 0 -511 4
8 0 -~ 1023 8

16 0 - 2047 16

32 0 - 4095 32

2. The program will have the ability to plot the data for one or more
event types, either in separate plots or on the same plot. When
plots are desired from only one summary period, any or all of the
possible plots can be produced by performing multiple passes through
the data for the summary period. When plots are desired from
multiple summary periods, only a limited number of plots can be
produced in one pass through the summary data due to main core
storage limitations. The program can plot multiple summary periods
either all on one plot or each on a separate plot.

3. The plot data can be screened before entering the plot grid. This
screening can be based on the range at the third Pulse Height
Analyzer readout, the sector information associated with each data
point, or the priority mode in effect during data occurrence. In
the case of the HET data, the status of the CI-CII threshold bit
will provide an additional screening criteria.
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In addition, screening can be performed through the correlation of
readouts from two Pulse Height Analyzers. This can be accomplished
by checking one PHA value against that derived from-a function based

- on its correspondence with another PHA value. The incorporation of
this technique might become so involved as to eliminate its feasibility
within the time period at the PHA Summary Plot Program.

Unresolved Issues . .

' In order for the Pioneer Summarizer Specifications to be completed
the following items must be resolved by Dr. Teegarden:

1. The time interval to be summed during normal production.

2. The attitude information required in the header record on the
Summary tape.

3. The procedure required to verify that the equipment counting

the events/second (rates) is working correctly. To verify
this, the PHA readouts will be analyzed to approximate the
number of particles counted and then compared to the rates
readout. It is not clear at this time whether such a procedure
can be defined and thus may not be included in the PHA
Summarizer.

e /Jﬂ/

T. K. Brooks

QJJ

T. Smit




. Date:

From (location

or U.S. mail address):
. M .

. Pepti&_ Bldq.:

Telephone Ext.:

January 20, 1972
Scientific Data Analysis

_KE 2/Goddard

LIS

Subject:

Reference:

Meeting with Dr. Teegarden concerning the
Pioneer Data Processing System

Memo dated January 19, 1972 — Same subject

To: George Palfi

MO2-3418-11

Attendees: Dr. Bonnard Teegarden (NASA)
Mr. Ted Smith

A meeting was held with Dr. Teegarden on January 20, 1972
to discuss the unresolved issues mentioned in the memo referenced
above. The objective was to obtain a "best guess'' as to what general
statistics and attitude information was required in the header record
on the summary tape and to further define the time interval to be
used during normal production of the Pioneer PHA Summarizer. As
a result of the meeting the following decisions were made:

l.  The time interval to be summed for a normal production run
(hereafter referred to simply as the "summary interval') will
be an even multiple of full days beginning at the first second of
a day. The summary interval is expected to be between 5 and
20 days and will be changed infrequently (i.e., once or twice)
during the life of the satellite. A summary interval will not
overlap with any other summary interval in the production data
base.

2. The header record will contain at least the following information:
a. The start and end time of the summary interval.

b. The attitude information to be used in conjunction with
the sector identification. This information will be
copied from the first record (i.e., experiment cycle)
of the summary interval on the Pioneer PHA tapes and
will include:

1.) Roll attitude timer
2.) Spin Period
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oll pulse/roll index phase error

R
) Roll attitude time

3
4.

c.  The total of the rates data (i.e., the number of events
that occurred) during the summary interval as a function
of the event type.

d. The total time that the rates data was accumulated for
during the summary interval as a function of the event

type.
e.  The total time that the PHA data (includes both good and

null events) was accumulated for during the summary
interval. )

f. The total number of PHA readouts that resulted in
null events as a function of the priority.

3. The information that will be printed by the Pioneer PHA
Summarizer for the summary interval will include the following:

a. The number of events that occurred per second as a
function of the event type.

b. The possible error in events/second described in
a. above. This will be printed as a function of the
event type where:

error =+ events/second

\lnumber of events

c. The number of rates readouts as a function of the
event type.

Prepared by: w ()/W

T. P. Smith




. bae: January 20, 1972
From (location
or'U.s. mail address):
beptabiag: KE4/Goddard

Telephone Ext.:

e

sujeet: ~ Specifications for the Pioneer Data Reduction System
Reference:

To:  File

Attendees:  Dr. Bonnard J. Teegarden

Mr. Pete Bracken

- Mr. Don Stillwell

‘ Mr. Charles Dickman-

Mr. George Palfi
Mr. Joseph Novitsky
Mr. Talcott Brooks
Mr. Ted Smith

A meeting was held to discuss the design specifications for the
Pioneer Data Reduction System. The following items were discussed:

1) The specifications for the Pioneer D. R.S. should include a
discussion of the various operational modes for creating the
PHA and RATES data bases and the utilization of only three
tape drives for a single production run.

2) The Daily Data Quality Summary Report should include the
following additional information:

(a) Hourly averages of the PHA Event Rates data

(b) Times associated with bit rate and format changes and the
corresponding bit rate and format indicators.

(c) Null events (all three detector readouts equal zero) will not
be included in the number of event types for priority mode.

3) Don Stillwell will contact JPL or ARC concerning data overlap
elimination.

4) The time assigned to the data on the PHA and RATES tape will
be the actual sampling time.

_ OM/‘

J. A. Novitsky

MO2.8418-11
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Date: . March 13, 1972 - \

From: Scientific Data Analysis

Dept. KD3/Goddard

Subject: Meeting concerning the Pioneer Data Processing System
To: G. J. Palfi '

Attendees: Mr. Peter Bracken (NASA)

Mr. Talcott Brooks

Mr. Charles Dickman (NASA) Co
Mr. Joseph Novitsky

Mr. George Palfi

Mr. Ted Smith

.Dr. Bonnard Teegarden (NASA)

A meeting was held to discuss the design specifications for the

Pioneer PHA Summarizer System and other topics related to the Pioneer
Data Processing System. As a result of the meeting and subsequent
discussions, the following decisions were made:

Pioneer Data Reduction System

ll

All PHA events will be checked by the Pioneer Data Reduction
Program (PIODRP) to determine whether they are null events or
valid events. A null event is one in which all three detector
readouts are zero. Each of the three detector readouts for a

valid event will be incremented by one unless the readout reset
condition is present (i.e., all twelve bits of the readout equal one).
If this condition exists, the readout value will be set to zero.

Due to the apparent problem with the HET rate Rll -@zKi +A1 CI)
BCIII, PIODRP will compute a substitute HET Ri rate

- by summing the following rates:

—

R6A - A A, 1_3'63'

R7A - A A, B CI CII CIII o
R7B - A, BK, CI )

R8A - A, BK, CICII

R8B - A, BK, CI CII CIII

This computed rate will appear on the PHA tape for each page
(1/4 experiment cycle) in addition to the 6 rates previously defined.
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and to decrease the time required to store and retrieve data in

a record. The new format will be similar to the format described
in the Pioneer PHA Summarizer System specifications except that
the Subcom data, the Rates data, and the PHA data will be grouped
according to pages.

Pioneer PHA Summarizer System

4, To simplify coding and to reduce the amount of execution time, the
Pioneer PHA Summarizer Program (PPHASP) will not allow
summaries to be replaced. Instead, the Pioneer Summary Catalog
Maintenance Program (PSUMCM) will provide the means to delete
one or more summaries. The data for these summaries can then be
reprocessed by PPHASP using a different time interval as desired.

5. A new function, referred to as "Trend Checking",will be provided
by PPHASP. This will require each type of Rates data (R'i to be
compared to a previous Rates data (R. ;) of the same type. If
the data are not within a specified tolérance of each other, R, will
be discarded. The discarded data will, however, be used during
the comparision of R.; 41 The formulas given below describe this

function,

1 - 3
‘Ri —Ri 1fRi>0

| - 3 -
Ri-llf Ri—O

€ =VE

il

20 ifg >3
10 ifg< 3

X.
X

R, will be kept if: R'i-l ~X R'i-l -’-R'i CR'i_l + X\ ,R'i_l'
The number of Rates readouts rejected because of the Trend

Checking will be totaled as a function of the event type and printed
in the PHA Summary Report. .

6. The format of the header record on a PHA Summary tape will be
changed to allow a function referred to as Dead Time Correction",
to be performed by a succeeding program (perhaps the Pioneer

- PHA Summary Plot Program). Instead of storing the total number

A 4
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of null events as a function of the priority mode, PPHASP will
store them as a function of the priority mode and the bit rate.
Likewise instead of storing the total number of non-null events as
a function of the event type and priority mode, they will be stored
as a function of the event type, the priority mode and the bit rate.

At the present it is not feasible to rewrite the PSORT routine since
the maximum savings to be realized per summary are in terms of
seconds (perhaps 10 seconds). Also the current design requires
only minor modifications to be made to an existing sort routine.
Redesign would delay completion of the system. At some later
point, redesign of the PSORT routine will again be considered in
light of actual (rather than estimated) execution times.

Pioneer PHA Summary Plot Program

8 . ‘

The PHA Summary Plot Program will incorporate the ability to
produce one dimensional histograms of the channel frequencies
for multiple ranges of any of the detectors.

The label of each plot will contain the following:
a) Satellite identification
b) Start and stop time of the summary data plotted

c) The number of events that occurred per second for
those event types pictured in the plot.

d) The possible error in events/second for those event types
pictured in the plot where: ' :

Error = + Events/Second
\[Number of events
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e) The total humber of PHA events both plotted and total
for those event types pictured in the plot. '

Prepared by:cf /‘) ?? /*c/_g ~

T. K. Brooks

Q) fed,

dAJ. A. Novitsky"

VA0 Sl

T. P. Smith
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MAGNETIC TAPE OUTPUT

1f telemetry and command data are to be recorded on magnetic tape, the
tape is mounted on the tape control unit with a logical unit address
of 3. The tape unit should be in a ready state prior to requesting
the actual recording of data.

'ﬁéta'recording on the magnetic tape is controlled by breakpoint switch
9. ‘ -

Fach logical record is>32 bytes; 12 logical 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, if 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 1s 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-of-file is written at the
end of the data on the tape.

I1-58



"‘»-..-":

2

MAGNETIC TAPE HEADER

Pioneer F/G Software I&T User Manual

The header record is output when the magnetic tape output breakpoint

switch goes from an off state to an on state.
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MAGNETIC TAPE COMMAND RECORD

3.

I ¥ L T

STT

(s3tq /)
v . SpPuoo23s
Y4 6%¢C
L] 1} T T T T
(s31q )
S9INUTK
1 XA 814
) T T T T T
$31q 9) (3u02)
SINOY sfeQq
161 88T |.L8T %81
L} ] [} 1} K] T T
(s319 2D
. sAeq
65T A
4 L} [} 1 T 1 T T
Jjuno) swexd
Lzl
H—O.O M LR 1 i )
a1
paooay
S6 €6
T T T L] T ] 1 i
Ouc m 1 4 i L] 1
n aniep
v pueummo)
S
1€ 0£}6218T

¥ 1 1

SS3IPPY
3uranoy

12 0¢ 81

T

“APPV
I pooaq

L1-91

II-61



]

. Pioneer ¥/G Software I&T User Manual
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4, MAGNETIC TAPE END-OF-DATA RECORD

The following output occurs when the magnetic tape breakpoint switch
goes from an on to an off state.
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MAGNETLC TAPE TELE

5.

METRY DATA RECORD

In the dlagram, the flelds marked with ** are réplaced by format-defined

The fields marked with * are not available in a

data In a D mainframe.

D mainframe.
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REPLY TO
ATTN OF:

ﬂ/ (P DL

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
AMES RESEARCH CENTER
MOFFETT FigLe, CaLiFoaNIa 94035

-PAM~4-63:244—8 December 30, 1974

TC: Distribution

Subject: Correction to Reference Axis Phase Error for
Pioneer 10

Reference: Ames letter PAM-4-61:244-8, dated November 26, 1974

The purpose of this letter is to clarify and correct certain state-
ments made in reference Tetter. The enclosure provides information
on the roll sensor error that is to be substituted for that provided
in the reference letter.

Roll pulse error data for Pioneer 10 provided in Figure 10 of the
nclosure is to be used tc correct the subject reference axis phase
error (RAPE) in previously received experiment data records (EDRs).
The Pioneer 1C experiment data records produced at ARC after ZJanuary
1, 1975, wiil incorporate these values of roli puise error in the
sun clock angle parameter in order to minimize the effort required.
at each principal investigator's processing facility.

As stated previously, a simiiar report will be issued containing
the results of analyses on the Pioneer 11 sun sensor assembly roll
pulse error. Preliminary analyses indicated that the roll pulse
error is very small at the sun cone angies experienced by this
spacecraft during the Jupiter encounter period.

L— a
- | -
H

" . i o
R = R

T J O

Charles F. Hali
Manager, Pioneer Project

Enclosures:
1. Distribution list
2. As stated above

heion
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Enclosure 2
December 17, 1974

NASA - Ames
PIONEER 10 ROLL PULSE ERROR ANALYSIS

INTRODUCTION

1.

2.

Sun Sensor Description. . The sun sensor assembly (SSA) is a single

assembly mounted at the edge of the high gain antenna dish along the
+Y axis as shown in figure 1. It is designed to operate from

0.9 to 6.0 AU from the sun over a spin rate range of from 2-85
RPM and produces one roll pulse per revolution. As the apparent
sun passes through the Z, +Y plane, the sun sensor produces a
pulse. The sensor consists of three channels with overlapping
fields of view as indicated in figure 1. Each channel of the
sensor is designed using two detectors behind a slit as shown in
fiqure 2. The sun pulse is derived using the differential photo-
current of the two detectors and is produced when the solar image
formed by the optical slit and é lens passes over the detectors
such that the differential signal exceeds a positive threshold.
The individual and differential signal outputs are shown in
figure 3. The width of the sensor field of view is nominally
that determined by accuracy. This corresponds to the angular
width of the detector signal responses shown in figure 3. The
roll angular error, Be, is shown on the differential signal
output curve of this same figure. |

Summary. At the Pioneer Ouarterly Review of August 9, 1972,

the Pioneer 10/11 Roll Attitude Equations, Notation, and

e



Definitions (See enclosure A) were presented and agreed to
for preparation of the Experimenﬁer Nata Records (EDRs). In
this presentation, it was noted that the roll index pulse
phase error‘was the electronically generated phase error
measurement between the sun pulse (SUP) and the roT1Aihdex pdlse
(RIP) and ﬁhat no correction had been made for possible roll
index pulse phase errors attributahle to sun sensor characteristics
such as misalignment, jitter, or bias. Thus, in the August 9th
presentation the sun pulse was considered to be coincident with
the sun crossing. |
Subsequent to the launch of Pioneer 10 in an attempt to refine the
roll attitude data, measurements and analyses were made to deter-
mine the magnitude of sun sensor errors. This investigation
indicated that the sun pulse occurred prior to the passage of the
sun by the reference axis resulting in a roll pulse error, e
(see figure 4). This roll pulse error, e, was determined to
vary as a function of sun aspect or cone angle. Thus, the
equation for reference axis phase error (RAPE) shown in
Enclosure A hust be modified as follows:

RAPE = CKAH + SPGR + RIPE -¢
and previously calculated values of RAPE must be reduced by values
of roll pulse error, &, provided herein.
In order to eliminate chahges to the investigator's computer
programs to account for the roll pulse error, the Pioneer 10
Experiment Data Records produced after January 1, 1975, will

incorporate the value of the roll pulse error, e, in the column



containing CKAH in File 3 such that this item will now be designated
CKAHcsand CKAH. = CKAH -e.
ANALYSIS

1. Sun Sensor Error Sources. There are three primary error sources

considered in this analysis:

a. Jitter (pulse timing repeatability)

b. Bias

c. Misalignment
The jitter and bias error measurements were performed at the
Honeywell Radio Center, Boston, Mass. The jitter errors were
found to be constant at 0.83 mi]]isegonds in the signal output
at a 5 rpm spin rate. This measurement was transformed into an
equivalent roll error in spacecraft attitude at a spin rate
of 4.8 rpm. The jitter error is inversely proportional to the
sine of the sun cone angle as shown in figure 5. The bias
error measurements were made to demonstrate that the assembly
meets all accuracy requirements. The bias measurements range
shown in figure 5 is the range of values found for all fests;
post thermal, post thermal/vacuum, post vibration, post magnetic
and post environmental test measurements.
There are no test data available from alignment tests; however,
curves that were presented in an early TRW proposal document
are reproduced in figure 6 to show expected roll error for several
values éf alignment error. Evaluation of these plots would
indicate that the roll error appears to be inversely proportional
to the sine of the sun cone angle similar to the functional

relationship for the jitter error.



.l.

Figure 7 represents the total error from all three error

sources where the magnitudes of the jitter, bias, and a
misalignment error of 0.2° were combined algebraically. (The
magnitude of the/misalignment error is representative of a one
sigma value of the total alignment tolerance specified in the TRW
document Components Alignment Requirements and Allocations
Interface Control Pioneer F/G C 311654.)

Error Measurement. Two basic independent methods were used

to measure the roll pulse error (e) for on orbit operation.

Method 1 used the IPP instrument in a mode 4 configuration.

A mode 4 threshold scan was made until Tock was obtained on
Jupiter. Then, without altering the instrument configuration,

the sﬁn sensor and.star sensor were alternately commanded. The
resultant shift in the roll position of Jupiter adjusted for
position and attitude with respect to the ecliptic plane indicated
the relative offset for the two sensors. This method assumed that
neither the stellar reference assembly nor the IPP instrument has

a significant systematic error in clock anale.
Method 2 measured the difference in S/C spin period when the sun

sensor and star sensor were commanded alternately. The di%ference
between the nominal and actual spin period was adjusted to-

account for the S/C positioh and attitude with respect to the ecliptic
plane and the resultant value then represented the roll pulse |

error (e).

RESULTS

Error Plots. Figure 8 shows the results of a number of measure-
ments made using the approach descr%bed in method 1. Figure 9
shows the results of a greater number of measurements made using

the approach described in method 2. Figure 10 shows a comparison



of predicted and observed error (using both méthods) in roll
position as a function of sun cone angle.

It is the Project Office opinion that the Method 2 results are
indicative of the actual errorothat exists in roll pulse .

and therefore should be used for correcting past errors and will
be used by the Project OfficeAto provide CKAHC as previously

discussed.



FIELD-OF-VIEW

CHANNEL FROM X-Z PLANE FROM Z-AXIS
1 -

. +12° CONE
2 1/2° 10° 10 9¢°
3 1/2° 90° 10 170°
o¢°
Y Axis
CHANNEL 3 CHANNEL 2
170° 12°
BLIND
180° CHANNEL 1§
9
12 Z-AXis
Figure 1 Sun Sensor Assembly (SSA) Mounting and Feld-of-view.
*
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Figure 2 Idealized Representation of (SSA) Optical Principle
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Fgure 3 Sun Sensor Assembﬁ* Detector Outputs.
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" Fiqure 4

ROLL PULSE DEFINITINNS

,i"
/’f
| /
i ‘ /
i

PARALLEL TO ECLIPTIC
SPGR

SUN

PEP

CKAH CLOCK ANGLE OF SUN, UNCORRECTED FOR ERRORS, DEG.

£ ROLL PULSE ERROR (plus for sun pulse (SUP) occurring prior to
defined sun passage (SUN))

PEP PHASE ERROR PULSE, DEG. .

RAPE REFERENCE  AXIS PHASE ERROR, DEG.

RIP ROLL INDEX PULSE

RIPE “ROLL INDEX PULSE PHASE ERROR, DEG.

SPSG SPIN PERIOD SECTOR GENERATOR, 09 or 180°

SUP SUN PULSE

CKAH, = CKAH - ¢
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EDRLST MODIFICATIONS

The Pioneer F/G Tape List Program has been modified for the following pur-

poses: to print the subcom data in octal and to copy the EDR tape by option.

Deck Setup
Added to the JCL is the following set of DD cards:

400-9,,DEFER) ,DISP=(NEW,KEEP), .
),LABEL=(,BLP,,0UT),VOL=SER=DUM2

7GO.FTi1F0N1 DD DSN=EDRIN,UNIT=(2
7/ DCB=(RECFM=U,BLKS|ZE=5204,DEN=2

The purpose of this data set is:

. Input/ Device
DD Name Purpose of Data Set Output Type Code
FT11F001 - Backup EDR tape Output Tape - C

The meaning or the code is as follows:

C - Copy EDR tépe onto backup tape



//PEDR EXEC LINKGO,REGION,GO=100K

//LINK,SYSLIB DD DSN=K3,ZIART.OGENERAL,DISP=SHR

/l/ DD DSN=K3,ZBRXB.SBNO1l. OPIONEER,DISP=SHR
//GO.FTO6FN01 DD DCB=(BUFNO=4)

//GO.FT10F001 DD DSN=EDRIN,UNIT=(2400-9,,DEFER),DI1SP=(OLD,KEEP),
// DCB=(RECFM=U,BLKSIZE= SZOQ,DEN=2) LABEL=( BLP,,IN) VOL=SER=DUM1
//GO,FT11F001 DD DSN=EDRIN,UNIT=(2400~ 9,,DEFER) D1SP=(NEW,KEEP),
// DCB=(RECFM=U BLKS!ZE=520A,DEN=2) LABEL=( BLP,,OUT) VOL=SER=DUM2

" //GO.SYSUDUMP DD SYSOUT=A

//GO.DATA5 DD =

_ &INPUT DTAPE='E02102',QATT=T,LIMITS=1,1,QC0PY=T,DBUTP="2-169"' &END

(Note the example of the additional parameters to NAMELIST. In this example,

. the decom tape residing in slot : £02102 is copied onto the tape residing
_in slot Z- 169.)

Figure 1. General Deck Setup for Executing the Pioneer F/G EDR Tape List
Program (EDRLST)



Input/Output Tape

The backup EDR tape is formatted the same as the EDR tape. (Refer to
Section 6.3.3.1 for the format. Its location is specified by namelist input

parameter DBUTDP.)

.Cards

Added to the NAMELIST name INPUT are the following:

QCOPY = T - If a backup EDR tape is to be made.
F - If no backup EDR tape is to be made.
(Default = F)
DBUPTP = -— The location (tape slot) or symbol identifying the EDR

backup tape (See DTAPE, Section 6.3.3.2).

(Default = blank) -



PRINTED REPORTS

(Refer to Section 6.3.3.3 for a detailed description of the Printed Reports)



Input/Output Tape

The backup-EDR tape is formatted the same as the EDR tape. (Refer to
Section 6.3.3.1 for the format. Its location is specified by namelist input

parameter DBUTP.)

Cards

Added to the NAMELIST name INPUT are the following:

QCOPY = T - 'If a backup EDR tape is to be made.
F - If no backup EDR tape is to be made.
(Default = F)
DBUPTP = - The location (tape slot) or symbol identifying the EDR

backup tape (See DTAPE, Section 6.3.3.2).

(Default = blank) ' ~



PRINTED REPORTS

(Refer to Section 6.3.3.3 for a detailed description of the Printed Reports)
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JET PROPULSION LABORATORY MEMORANDUM

January 9, 1975

T0: Pioneer 11 VHM Co-Investigators and Particle Experimenters

FROM: Edward J. Smith %1%%

SUBJECT: Printouts of Preliminary Quick-Look Data

Enclosed are printouts of our preliminary quick-look data obtained during
the entire duration of the Pioneer 11 encounter. At the request of the
particle investigators, the data are given in the PE or Pioneer-Inertial
coordinates (see attached figure). A separate cover sheet explains the
various data 1istings. These data are to be used for correlation purposes
subject to the conditions set forth in our letter of agreement governing
the exchange of data (dated 31 July 1972).

EJS:pjw

Distribution

J. Coleman, Jr.
Davis

E. Jones

S. Colburn

Dyal

P. Sonett

W. Fillius

B. McDonald

A. Simpson
Wolfe
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SYSTEM SCIENCES DIVISIO
B0 COLLBVILLE RO

N

AL e SiLVER

April 4, 1974

3 * 3 &

National Aercnautics and Space Adminis
Goddard Space Flight Cenier
Greanhelt, Maryland 20771

Attention: P. C. Yu
Code 6864.90
Bldg. 02, Room 271

Subject: Documentation Status for Code 664

Gentlemen:

Enclosed are three copies of a table prepared at your request giving the status
of all documentation c:urreuﬂv vnder prepavation for GSIT'C Code 664.
incluf’ied are titles of documents delivered since early dJuly of 1973 and thelr

associated delivery dates.

tration

N
ey
i e i Bl

If I may be of any further assistance to you in this matter,

Very truly yours,

COMPUTER SCIENCES CORPORATION

4 <

A
/

/I

1(/(

f

M. Ls Sandson

Technical Avea
Scientific Data Analysis

ce: C. Dickman
Code 664
Bldy. 62, Room 271

MILS/ed

IR B I B MR ST LS B G

Ui o Gt A

LA

Frit

((,‘v—\&ﬁf Mz AN

VR

PRING,

please contact me.

Manager

[l

MARYLLAND
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SECTION 1 - INTRODUCTION

This note documents modifications made to program PIPLOT in order to:
(1) effect significant reduction in core requirements and CPU time; and
(2) generate an index of plots and histograms preduced by the program, and

a summary of time periods included in the plots and histograms.

In addition to documenting the new subroutines that were developed, this note

includes descriptions of those subroutines that have been modified.
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SECTION 2 - DESCRIPTION OF NEW SUBROUTINES

2.1 SUBROUTINE PFILLP

PFILLP is called by PIPLOT to analyze current event data and to update the
plot and histogram arrays if an allocated plot or histogram needs data from

this event type.

Calling Sequence

CALL PFILLP
Interface
Input

e Via COMMON Area DUMDUM

Variable Type Description

MAXPLT I*4 Maximum number of plots that can be in core
concurrently

DTAPE R*8 Serial number of volume from which PHA sum-

mary data is being obtained (referenced only in
%ﬂs‘%‘t of an end of file or I/0O error)

NUNIT I*4 Logical unit number of PHA summary data set .

NTILE I*4 Sequence number of PHA summary file being
processed

COEF R*4 " Numbers used in determining whether event sat-

isfies durable [dE/dx\ consistency criterion. .
Specifically, if consistency screening is to be
performed, thén events will be accepted; if cal-
culated value of first energy loss < COEF({) *
(Measured value of T1) and calculated value of
first encrgy loss > (Measured value of T1)
/COLT (i)

e S

| i .
i=1 for HET events S A
i=2 for LET events
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Variable Type Description,

TRANS(G) R*4 (1), MeV/channel for detector A
(2), MeV/channel for detector B
(3), MeV/channel for detector Cl + CII
(4), MeV/channel for detector DI
(5), MeV/channel for detector DIT
(6), MeV/channel for detector &

NDATYDP . I*4 Ordinal number corresponding to location of dala
of current event type in data set (see SKIP for
relationship between NDATYP and event type)

NTYPE *4 = NDA'l‘YP,N%NDA'l‘YP <4
= 3, DATYP = 5
= 4}X§DATYP =6

DATA T*2 Current PHA summary record

® Via COMMON Area PLOTS

Variable - Type Description.
NIDPLT 1*#4 Number of plets allocated
IDPLOT (mixed) For a description’ of fields, see Table
HLIMIT(2) 1+2 (1), lower limit for Cilthreshold consistency
check : -
(2), upper limit for CT? threshold consistency
check

If, in either case, NDATYP =1, limits to be used
for making threshold check are four times these

values
NIDHST I*4 © Number of histograms allocated
DHISTS R*8 Array containing histograms

. Data' Modified by Called Subpro.grams (Used. Outside This Scgment)

Variable Type , Description
NOVER 3 14 Number of overflow entries in I plot is contained
in NOVISR(1) '

NEVENT( B 1*4 NEVENT() is number of events in Ith plot
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Variable Type Description -

NLOoC N *4 NLOC() is number of locations containing
events in Ith plot

KproTs C ) 1%4 Plot array

Output

© Via COMMON Area PLOTS

Variable Type - Description

QOFLAG L*4 QOFLAG() indicates whether there was inade-
quate amount of core for overflow entries Ith
plot

COMMON Area Interface With Called Programs (Passed to PITLL)

& Via COMMON Area PLOTS

Variable Type Description
QFAIL L4 Determines whether event failed a check other

than double dE/dx consistency check

QCONS L*4 Determines whether event failed double dE/dX -
: consistency check

NTRY *4 Array containing current event description

NDX T*4 For description, see PFILL

Data Constants

Variable Type Description
IEND — "Number of half-words in PHA summary record
HTAG 1*2 HTAG(I) is lowest value of first half-word of

-seventh half-word PHA summary entry when
NDATYDP = |

LFACT T4 LTACT(I) is number by\vhich HLIMIT(1) and
ITLIMIT(2) have to be multiplied to obtain
values for CIT threshold check



Varjable

G

G1

Procedure

1.

Type Describtién

R*4 Exponent to be used in double dI;/dx consist-
ency check

R*4 1/G

Set variable ISTR (index of the first entry to be processed equal to
IEND) if NDATYP = 1 to indicale that a new summary record needs

to be read.

Set flag QLET to determine whether the current event type is LET

or HET.

Determine whether any of the allocated plots needs data from this

~event type.

Identify the first plet for which a double dE/dx consistency crite-

rion is applicable.

Determine whether any of the allocated histograms needs data from

this event type.

If no allocated plot and no allocated histogram needs data from this
event type, then call SKIP to skip summary records until a record
is found which contains data of the following event type. On return
from SKIP, aréa DATA contains this record, and NDEXD contains
the index of the first event belonging to a later type. Store this

index in the start-index variable ISTR and return.
Read a new summary record il nceded.

Procoss entries in this summary record, while the event is of the

type appropriate to NDATYDP.



A, Call , PUPDAP to unpack the seventh half-word entry into’

eleven full words in the array NTRY.
B. Compute limits for threshold check.,

C. If a plot needs data from this event type, perform the fol-

lowing processes:

(1)  Verify that the third detector (one that is not plotted)
is within limits (HDPLOT (13, INDEX), HDPLOT,
(14, INDEX)). If not, skip further processing of this

event for this plot.

(2)  Perform CII threshold bit check, depending on the value
HDPLOT (3, INDEX). Record results of this analysis
in variable QFAIL. '

(3) Determine if the events belong in one of the sectors
desired. Skip further processing of this event for this

plot.

(4)  If the double dE/dx criterion is applicable, and this
is the first plot for which the consistency criteribn is
applicable, then compute energy losses from the three
channel numbers, using the conversion factors in the
array TRANS. Obtain the expected value of the first

energy loss by the following relation:

] ®
[Z(Tz + TS)G - TSG]G - T, - T, for HET

1
. G G G R
[2. .103(T2 + T3) ~1,103 13 :I - Tz - T3 for LET



®)

(Thicknesscs of the first two clements of LET are dif-

ferent, giving vise to a different relationship. )

Check for consistency between the calculated value for
T 1 and the measured value. Store the results of this
comparison in the variable QCONSP. If durable dE/dx
consistency is applicable, and this is not the first plot
for which the consistency criterion is applicable, use
the resulls of the previous computation stored in

QCONSP,
Set up the variables QFAIL and QCONS.

Determine priority mode assignments. For a descrip-

tion of how this is done, see PFILL,

Call PFILL to include this event in the plot. An alter-
nate return from PFILL indicates-that the core assigned
to the overflow area for this piot has been used up and,

therefore, the overflow-entry list will be incomplete.

“This indication is saved in the variable QOFLAG.

If a histogram needs data from event type, perform histo-

gram processing.

Save the index of the entry in the variable ISTR.

2-6



2.2 SUBROUTINE PINITP

PINITP is called by PCHOSP to initialize a specified plot arca. -1t performs

the following functions:

1.

2.

Tn addition,

Prepare the grid for this plot.
Initialize all counters that relate to this plot.

Set the pointer for the overflow list to the start of the overflow list

for this plot, and fill the ordinate pointer list with null pointers.

. 2 . .
Determine n, s.t. 2 = compression factor for this plot, and

store this value for use by routines PFILL and PRETRV.

Determine if alternate plot option, i.e., A' (instead of A) and DI
(instead of DI) is applicable, and store an indication of this for

later use.
on the first call, the routine will

Compute and store displacements of the rows Telative to the start

of this plot.

Allocate overflow space for all plots; depending on the maximum
number of plots specified. The overflow area for each plot is

allocated « words, where w is given by

w= Area allocated to plots and overflows - (Number of plots)*(Length of a plot)

(Number of plots)

" Calling Sequence

CALL PINITP (INDEX)

where INDEX identifies the plot arca to be initinlized.
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Interface .
Input

@ Via COMMON Area PLOTS

Variable _Type . Description

IDPLOT . (mixed) (IDPLOT(, INDEX), I =1, 12) is area that
conlains attributes of plots to be allocated. See
Table for a description of various fields in

this area

® Via COMMON Area FLAG

Variable Type Description
QHETYEF (L*4) - Determines whether alternate plot option is

applicable for plets of HET data

QLETEF (L*4) Determines whether alternate plot option is
applicable for plots of LET data

@ Via COMMON Area DUMDUM

Variable Type Description

MAXPLT ¥4 . Maximum number of plots that can concurrently
reside in core :

Procedure
1. On first call

Displacement of each of the 128 rows of the plo_t is computed and
stored in COMMON area PLOTS for later use. Thus, there is
created an array of 128 numbers, the Ith element of which contains
the displacement of (the) Tth row of the plot relative to the start of
the piot arca. (Index 1 runs from 0-127.) The @splacement of the

Ith row is given by (127-1)*133.
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The paran}eter MAXPLT in COMMON arca PLOTS contﬁns the
maximum number of plots that need to be in core concurrently.

Of the total area allocated for plots and overtlows (146880 bytes),
MAXPL’I";”I’FZSO bytes are allocated to the plots themselves, and
the remaining arca is divided equally into MAXPLT segments.
Displacement of each segment relative to the start of arca PLOTS
is stored in the area STARTPTR. Also, the displacement of the

last 12-word entry in each segment is stored in area LASTPTR.
On each call

The pointer array corresponding to INDEX is filled with null point-
ers. The counters corresponding to this INDEX are set.to 0. The
type of events that the plot will contain is obtained from the array
I.DPLOT‘ and flags QHETF and QLETY are '.éxamined to éetermine
if alternate plot option is 'applicable to the plot corresponding to
INDEX. The results of this examination are sfored in the element

correspoxldix{g to INDEX in the array QFLAG.

The compression factor for the plot is obtained from the IDPLOT

array, and n is determined such that
n .
2" = compression factor

The value of n is stored in the element of array NCOMP appro-.
priate to INDEX. This value will be used by the routine PFILL to
compress coordinates. Compression uf coordinates is obtained by
shifting, thus obviating the necessity of using expensive divide and

multiply instructions.

The plot grid is constructed, and the abscissa and the ordinate

axis are labeled. Routine INCORE is called to generate the lahels.
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2.3 SUBROUTINE PFILL

PFILL is an entry point in the CSECT PINITP, and is called by PFILLP to

perform the following functions:

1. Add together frequencies-of occurrence of the event (defined by

11-word field NTRY in COMMON area PLOTS) in desired priority

modes.
2. Compute compressed coordinates.
3. Update the character in the location corresponding to coordinates

of the current event.

4. If the new frequency at the location exceeds 35, and if this is the
first time an overflow has occurred at this point, make a new overy—
flow entry. If this is not the first time, update the overflow entry

to refiect the frequency of the current event.

Calling Sequence -

CALL PrILL (INDEX, &ALTI1)

where INDEX identifies the plot in which the event is to be included, and ALT1
is the alternate return taken when the area allocated for overflow entries for

this plot has been used up.
Interface
Input

o  Via COMMON Area PLOTS

Variable Type . Descripiion
IDPLOT '(mixed) I'or description, see PINITP

NDX I*4 Index in array NTRY, s.t. NTRY(NDX)
: represents frequency of occurrence in
priority 0 o
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Variable

NTRY

Procedure

1.

_Ty!i)e

I*4

Descriplion

It

4, unquestionable priority events (case 1)

7, questionable priority events, when
cyclic reordering of priorities is re-
quesied (case 2)

i

Priority Mode Priority Mode

Word (Case 1) (Case 2)
- NTRY ) 0 1
NTRY(5) 1 2
NTRY (G) 2 3
NTRY(7) 3 0

Array containing current event definition.
See Table ‘

Examine bytes 20 through 23 of the IDPLOT area corresponding to

INDEX to determine priority modes applicable to the plof. (If

byte 20 -+ i is nonzero, then priority i is desired. Add frequen-

cies corresponding to desired priority modes.

If frequency in desired modes is zero, then nothing needs to be

done. If frequency is nonzero, do the following:

A.

Examine fail flag QFAIL to determine whether the event failed

some test; if so, identify the cause of failure. If the cause

of failure was the double dE/dx consistency requirement,

update double dE/dx failure counter; otherwise, update the

threshold-consistency-failure counter, and exit.

If event failed no test, do the following:

1)

If alternate plot option was indicated (QFLAG(INDEX) = '
. TRUE.), add first two readouts (words 1 and 2 of array

NTRY), and shift right by 1 + NCOMPRINDIX) bits to
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(2)

3)

()

6)

(6)

(7)

@8)

9)

(10)

obtain the ordinate. Otherwise, oblain the readout cor-
responding to the ordinate (the readoul corresponding
to the ordinate is pointed to be the 17th half-word of
IDPLOT area corresponding to INDEX) and shift right
by NCOMPR (INDEX) bits to obtain the ordinate.

If the compressed ordinate exceeds 127, add the fre-

quency to top-of-plot'counter NTOP (INDIEX), and exit.

Obtain the readout corresponding to abscissa (the
18th half-word of IDPLOT area corresponding to INDEX
points to this readout). Shift right by NCOMPR(INDEX).

bits to obtain abscissa.

If compressed abscissa éxdeeds 127, add the frequency

to right-of-plot counter NRIGHT(INDEX), and exit.

Obtain the character at the address corresﬁonding to
the compressed coordinate. Using the translate table,

determine the frequency corresponding to the character.

If the frequency is zero, then this is a new location;

update location counter, NLOC(INDEX).
Update the event counter, NEVENT(INDEX).

If the frequency corresponding to the event when added
to the number at the location exceeds 35, go to the

overflow section.

Find the character corresponding to the updated fre-

queney, store this character in the plot array, and exit.

Store the character asterisk (*) at the address corre-

. sponding to the compressed coordinate.
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(11)

- (12)

(13)

. Obtain from the pointer array corresponding to INDEX,

the displacement of the first overflow entry for this

ordinate.
If displacement is zero, create a new entry as follows:

@ Obtain the displacement of the first available en-
try for this INDEX; this is found at POINTER(INDEX).
The displécemel),t obtained is compared with the dis-
placement of the last allowed entry LASTPTR(INDEX)
to determine whether there is room for this entry. If
there is no more room, return with 4 in register 15;

otherwise, perform the following steps.

e Store the displacement contained in POINTER(IN-
DEX) in the pointer array. At the address pointed to

by POINTER(INDEX): (A) store abscissa value (4 bytes);
(B) store frequency (4 bytes); (C) store zero to indicate
that this is the last entry for this‘orainate; and (D) up-
date POINTER(INDEX) to reflect that a 12-byte entry

has been made.

If displacement is nonzero, then this is the displace-
ment of the fil;St overflow enlry fo>r this ordinate. Be-
ginning with this entry, search the list until an entry

is found such that the abscissa is less than or equal tb
the abscissa of the entry. I the abscissa equals the
abscissa of the entry, update the frequency. If the ab-
scissa is less than the abscissa of the entry, creale a
new cntry and adjust the pointer. If the abscissa is
greater than the abscissa of all entries in the list, cre-

ate a new entry and adjust the pointer.
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2.4 SUBROUTINE PRETRV

PRETRYV is an entry point in the CSECT PINITP, and is called by PPLOTP to

retrieve and print overflow entries for a specified plot.

Calling Sequence

CALL PRETRV (INDEX)
where INDEX identifies the plot whose overflow entries have to be printed.
Interface
Input

@ Via COMMON Areca PLOTS

Variable Type . Description
KPLOTS - Array containing plots and overflow entries
PTRRAY(INDIEX) . - Pointer array for this plot
NCOMPR(INDEX) - n s.t., 2" is compression factor
e Via Calls to other Subprograms

The FORTRAN library routine IBCOM# is called to format the re-

trieved overflow entries, and to write these out on logical unit 4.
Output
® Via Logical Unit 4 (ddname-¥T041I7001)

Formatted listing of overflow entries in the format shown in Iig-

ure 2-1.
Procedure

The pointer array is scarched to determine if there are any overflow enfries
for a given ordinate. If there is an entry, then-the ordinate is decompressed,

and the abscissa for all entries arc decompressed in steps of five entries. The
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decompressed values and frequency are saved in a 15-word area; IBCOMY is

°

called to write these out.
References

TFor a format translation nceded for a call to IBCOM#, see IBM FORTRAN
PLM.
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2.5 SUBROUTINE SK1P

SKIP is an ALC CSECT which is invoked by PFILLP to skip summary data cor-
responding to a given event type and to return the record in which change of
event type takes place, and the displacement of first PHA summary entry in

this record that does not belong to the given event type.

Cdlline Sequence
e}

CALL SKIP (DATA, NDATYP, NDEXD, &ALT1, &ALT2)

Interface
Input
G Via Arguments in Call
Variable Type Description
DATA I*2 Area containing PHA summary record.
Data in this area is ignored when
NDATYP =1
NDATYP 1*4 Ordinal number correspénding to location
of data of event type to be skipped. Data
is ordered on PHA summary tape as fol-
lows:
NDATYP Event Type
1 HET-3
2 HET-2
3 HET-1
4 HET-0
5 4 LET-1
6 LET-0
® Via Subprogram Calls

The address of the summary record to be examined is obtained via

a call to FREAD, which reads a record and returns the address of
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the area containing the record. TFREAD references the PHA sum-

mary lape data set (logical unit 45).

Description

Area containing record where data for event
type corresponding to NDATYP ends. If
NDATYP = 6, SKIP does not alter contents
of area DATA

Index in array DATA corresponding lo first
entry which does not belong to event type
corresponding to NDATYP, If NDATYP =6,
SKIP does not alter contents of NDEXD

e
Description

Alternate return indicating that an end of
file was detected by FREAD while attempting
to read a PHA summary record

Alternate return indicating that an I/0 error
was detected by FREAD while reading a
PHA summary record

Determine the event type corresponding to NDATYP.

If the event tybe'is HET-3 (NDATYP = 1), there is no record cur-

Output
e - Via Arguments in Call
Varjable Type
DATA -
NDEXD I*4
@ Via Alternate Returns
Variable Type
RETURN 1 -
RETURN 2 -
Procedure
1.
2. If the event type is LET-0, return.
3.
rently in core. Read a record.
4.

Read records while the last entry in the record belongs to the cur-

rent event type.
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5. Examine the current record to determine the displacement of the
first entry belonging to the event type lower than the event type
corresponding to NDATYDP.

6. Move this record into the area DATA by calling routine TMOVE

(@ member of the contributed program library SY3. CONTRIB).

7. Compute the TORTRAN index corresponding to the displacement
obtained above. Store the displacement in NDEXD, and relurn with

a zero in register 15.

On End of File

Return with 4 in register 15.

On I/0 Error

Return with 8 in register 15.
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SECTION 3 - MODIFICATIONS TO EXISTING SUBROUTINES

Subroutines PTAPEP, PPLOTP, and PHISTP have been modified to provide
for printing out two summaries: one (in index form) of the histograms, and
another of two detector plots generated by the run. TFollowing is a brief de-

scription of the modifications to each subroutine.
3.1 SUBROUTINE PTAPEP

The only modification to PTAPEP is a call to subroutine TIMEIN after reading
the header record of each file. Subroutine TIMEIN stores the start and end

times of the summary for later printout. If the file is a merged summary, the
start and end times of the individual summaries that were merged are extracted.

from the header and stored for printout.
3.2 SUBROUTINE PPLOTP

Subroutine PPLOTP has bheen modified to print an index summarizing the plots

. generated. The index is in tabular form and contains, for each plot, the fol-
lowing information: plot Lype; compression factor; high and low plot bound-
aries; the value used in testing for failure of double dE/dx criteria; event
types included in plot; sectors plotted; priority modes plotted; and whether or
not the CI + CII threshold indicator is to be used to screen data to be plotted.

In addition, space is provided for printing information about the actual meaning
of the CI + ClI threshold key if it is other than yes or no (1 or 0) (see input card
description in user's guide). A brief explanation is also printed describing‘ the

_dispésition of events with doubtful priority.

Since the type of information, and the number of values to be printed in the in-
dex, may vary greatly from onc plot to the next, the output format is kept in

an array and varied according to the requirements of each plot. The lines in
the index describing the plot are written on logical unit 3, having the same pass

through PPLOTD that'the actual plot is written on logical unit 1.
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Another change in PPLOTP eliminates an implied "do loo‘p’.' in the writing of

each plot. Subroutine WRITE is called to print the plot array on logical unit 4.
After each plot is printed, PRETRYV is called to retrieve write overflow entries. -
If the overflow indicator is set, a warning is printed indicating that the printed

overflow list is incomplete.

Before control returns to the main program, PPLOTP checks the number of
plots still to be done for the plot period. If all have been done, subroutine
TIMOUT is called to print the list of time periods which comprise the plot data.

This list is printed on logical unit 3 beneath the plot index.
3.3 SUBROUTINE PHISTP

Subroutine PHISTP has been modified to print an index summarizing the histo-
grams generated. The index is similar to the index of two detector plots and

is generated in a similar manner (using a variable format specification in an
array). For each histogram, the following information is printed in the index:
plot type; compression factor; high/low bounds; alternate detectors and range
of values for alternate detectors; event types plotted; sectors plotted; priority
modes included; and the CI + CII threshold keg'/. In addition, ébrief explanation
is printed describing the disposition of events whose priorify_ is in doubt. The
lines in the index describing the histogram are written on logical unit 1 during

the same pass through PHISTP that the histogram is -wrbitten on logical unit 2.

Before control returns to the main program, PHISTP examines the number of
histograms still to bé allocated. If this number is nonzero, control returns to
the main progl*a111‘ If it is zero, and the number of allocated histograms is
nonzero, the histogram array is examined to determine if all of the allocated
histograms have been printed.  If they have been printed, then the number of

allocated histograms is set to zero.
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If all histograms for the plot period have been printed, then subroutine TIMOUT
is called to print the list of time perieds from which data for the histogram was

gathered. This list is printed on logical unit 1 beneath the histogram index.
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3.4 SUBROUTINE TIMEIN

TIMEIN is called by PTAPEP to store start and end times of the summary in-

tervals whose data is included in the current group of plots.

Calling Sequence

CALL TIMEIN
Procedure

If the summary currently being processed is not a merged summary, the mil-
liseconds of day of the start and end of the interval are converted fractions of
day and added to the start and end Julian days, respectively. The start and

end modified Julian day and fraction are then stored in array SEGDAY.

If the summary is a merged summary, the start and end modified Julian day
and fraction are each extracted from the PHA header record and stored in ar-
ray SEGDAY. Array SEGDAY can contain start and end times for up to 500 in-
tervals. Variable IGGY contains the count of intervals stored in the array

SEGDAY.

3-4



3.5 SUBROUTINE TINOUT

TIMOUT is called to print the list of summary intervals accumulated in calls

to TIMEIN., TIMOUT is an entry point in TIMEIN,

Calline Sequence

CALL TIMOUT (LINE19, IOTHER, NPRINT)

Parameters
Name Type 1/0 Description

NPRINT 1*4 I Logical unit number on which printing
is to be done

IOTHER *4 1 If nonzero, accumulated intervals will
be saved for printout later on another
logical unit ’

LINE19 1*4 1/0 - Current count of Iines printed on logical
unit NPRINT since last page eject

Procedure

For each interval in the array SEGDAY, the start and end times are converted
to year, month, day, hour, minule, and second using subrou‘tir'les CNVMJD

and FRCHMS. As the start and end times are printed, the value of LINE19 is
incremented. If LINE19 is equal to or greater than 54, a page eject is gener-

ated and LINE19 is reset.

After all the intervals have been printed, the value of IOTHER is checked. If

it is edual to zero, the count of stored in‘tervals, IGGY, is reset to zero; other-
wise, IGGY is left intact. Thus, when called from NPPLOTP, IOTHER contains
the count of histograms still to be done. If not all histograms have been done,
then the value 1IGGY must be preserved so that the contents of SEGDAY can be

printed on a later call to TIMOUT from PHISTP.



3.6 SUBROUTINE FRCHMS

FRCHMS is used to convert fraction of day to hours, minutes, and seconds of

day.

Calling Sequence

CALL FRCIHIMS (FFRCTN, HIRS, HMINS, HSECS)

Parameters

Name Type 1/0 Description

FRCTN ] R¥4 I Fraction of day to be converted

HHRS I*2 ) _

HMINS %9 0 Cc?nverted time of day in hours,‘
minutes, and seconds

HSECS I*2 6]

Procedure )

The algorithm is
HHRS = FRCTN * 24 HRS/DAY

where the result is truncated to an integer.

Then the remaining portion of the day is
REST = FRCTN - (HHRS/24)
then

HMINS = REST * 1440 MINS/DAY

3-6
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and similarly

REST2 = REST - HMINS/1440

HSECS = REST * 86400 SECS/DAY

JCL Changes -~

The data sets referenced by this program are listed below:

FAGOFTO6F00Y 00D SYSDUT=ADIR={BLESIZE=1 374, DUFNO=1}
FAGUFTUIFQOL %
/4 DCUS{RECF M=
S AGD e -
Ar DOnE
P Acts P o
Vi f:v’ =
S EGD e

AL FTOLECO S

f” 4 DC E\*‘H%? [ER S

1R, DCE=BUFRN= L

s GO e FTwiFGOZ 5D PGPSC kQA"E BUFNU =1
SACOFTAZF001 DD PCRSLATR MR, D CE=SUFNDG =
FAIDLVERECO T D "“”“”}@S"T‘Lg”’“iiﬁﬂﬁﬁﬁfﬁTE@DiSD SGHD N CR=EY NG
SO F TAGFO0T DD DSNTK3 e ZB20NLoSHB001 « PGPSCATL DI SP=SHRDCHB=BUFNTG =1
F/GOLFTASFO01 DD DSN=PIOSUM sUNIT={2400-9,+DEFFR}DISP=SHR,

/7 VOL=SER=PICSUM,DCR={NEN=3,BUFNO= 1)

FYGOs FTGOFCO L DD usz:-f%@@ﬂvccrwif.@9120,20 ) DCR=DLKS [25=244
ST e ETROF LG 14, SPACE {264 (20,20} 3sDC3= PL&%IZL*244

7 /GO SYSUDY

SIGU e LUATAS DL A0 e DL le GER )

The SYSOUT = A datasets referenced are as follows:

Dataset ' ) Description

I'ro617001 Program messages and errors

FTO1T001 . Summary index and list of intervals for histograms
1021001 © Histograms are printed



Dataset _

FTO3T00L

FT04¥001
FTO8F001

Description

Summary index and list of intervals for two detec-
tor plots :

Output dataset for two detector plots

Output dataset for listing rates information in
PIHA header



SECTION 4 - CHANCES TO USER'S GUIDE FOR
PIONEER PHA SUMMARY PLOT PROGRAN

4.1 INT]‘RODUCTION

Since the writing of the User's Guide for the PHA Summary Plot Program,
many changes have been made to this program. While most of these changes
are transpare‘nt to the user, one new input parameter (MAXPLT) has been
added, and the logical unit numbers for the line printer outputs have been re-

arranged, thereby modifying the JCL.
4.2 THE MAXPLT PARAMETER

MAXPLT is input by the user in column 75 of the Consistency Criterion Card.
It is an integer between 1 and 6 and is the number of two detector plot resources

to be made available to the program; if not specified, this value defaults to 6.

When MAXPLT is less than 6, the additional core normally used for plot re-
sources is made available for extra storage of plot locatio.hs with event counts
greater than 35. If any one plot has more than 600 such lecations, then
MAXPLT must be less than 6 or else only the first 600 locations will be listed

and the following message will precede the listing of these locations:
WARNING

THERE WERE MORE THAN 600 LOCATIONS WITH EVENT COUNTS GREATER
THAN 35. | '
THE FOLLOWING TABLE IS INCOMPLETE.

. REDUCE MAXPLT PARAMETER AND RESUBMIT RUN FOR THIS PLOT T0O
GET LISTING OF ALL OVERFLOW LOCATIONS.

Note that for multiple-period-per-grid plots, the total number of plots re-

quested should not exceed MAXPLT.
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Plot overflow locations are indicated by an asterisk (*) on the two detection
plots. When the warning message is received, the user may determine the
correct value to input for MAXPLT by estimating the number of asterisks and
using the following listing:

Maximum

Overflow Locations Listed
MAXPLT ) Per Plot

600
1008
1620
2640
4680

10800

|aaal N TR SV B SN ) B @)

4.3 CONSISTENCY (DOUBLE dE/dX) CRITERIA CARD FORMAT

Column Type - D_escript_,ion
1 Al 'C', card type identifier
2-10 . 9.6 LHET’ HET consistency coefficient
11-19 F9.6 LLET’ LET consistency coefficient
20-28 F9.6 Transformation coefficient for
detector A '
29-37 F9.6 Transformation coefficient for
detector B
38-46 9.6 Transformation coefficient for

detector CI+ CII

47-55 F9.6 Transformation coefficient for
detector DI

56-6-1 F¥9.6 ‘Transformation coefficient for
detector DII

65-73 F9.6 Transformation coefficient for
: detector- I

74-75 - 12 MAXPLT

4-2



4.4 PLOT PERIOD CARD

Column Type Description
1 Al ~'Pr, card type indicator
2-7 ) A6 Blank; summary tape volume serial
number
8-11 4X Blank .
12-13 12 Year -of data; summéry tape file number
14-15 12 Month of year (unused)
16-17 12 Day of month (unused)
18-19 : 12 Hour of day (unused)
20-21 12 Minute of hour (unused)
22-23 12 : Second of minute (unused)
24-217 4 Value associated with CT + CII thres-

hold indicator being OFF

28-31 14 ‘ Value associated with CI + CII thres-
: hold indicator being ON
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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 4s the least current and the last entry in the file is the most
current. .

1. Word 1 (DAY-GMT) Elapsed-ﬁays‘since start of year

2. Word 2 (GMT) Elapsed time in milliseconds s1nce start of day’ for
- time of first data word in record

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

00=Special Refinement (+0.1 degree accuracy)

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

10=Medium~Gain Antenna (+1 3 degree accuracy)

11= Dynamlc,P051t10n for Delta V Maneuver (+3.0 degree accuracy)

5. Word S (CLON -Celestial Longitude degrees of the sp1n axis) Floating
point form as used on customers computer

. 6. Word 6 (CLAT -Celestial Latitude degrees of the spin axis) Float1ng
' -as used on customers computer

7. Word 7 -Clock Angle of Sun, degrees) Floating p01nt form as
L used on ‘éostomers computer

8. Word 8 (CKAS-Clock Angle of étar, dégrees) Floating point form as
. used on customers computer

9. Words 9 - 10 (SPARE) Blanks

]
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300
301
302
303
304
305
306
307
308

309
310

4]

22

23| 28| 25[ 26} 27528 29] 30| 31 32

LEAST

CURRENT

EQTRY

CKAS

SPARE

SPARE

REPEAT WORDS 1-10 TWENTY-NINE

TIMES FOR WORDS 11-300 -

DAY

GMT

 SPARE -

FLAG

MOST

CLON

CURRENT

CLAT

ENTRY

CKAH

CKAS

SPARE

SPARE

EOF

SFC/CRT FILE 3

- TYPE-BINARY

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

T et e A et e v e o e

ATTITUDE DATA
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d. File 4 (See Figure 5-12) - All words are rlght Just1fied and
‘binary unless otherwise stated.

(1) Word 1 gGMT) - Time in elapsed m1111seconds 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 following 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 - .

00 ERROR '

01 STAR o
10 . SUNB .
11 SUNA'

(5) Z_ﬂord 5 (SNR) - @1gna1 + N0153?N01se in floatmg pomt form
: ?gs used on customer's computer.
- f

(6) %ord 6 (DSS) - Deep space statlon which was trackiﬁg.- See
Figure 5-50 o ; :

(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 are two data values,
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 Trlp 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.

%‘?\‘?’&‘\
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Word 11 (ASTDLYC) - Star Delay Time (1/256 second resolu-

tion) in DN. Twelve bits with the telemetry bits reversed
to give proper bit weighing. Latest available value -

- Fill of "all ones" 1nd1cates value missing.

(12)

@3)

(14)

(15)

(16)

(7

(18),

(19)

Word 12 (Flag 1, Flag 2, F1la® 3, Flag 4) - These are flags

for RAT, ASPNPDC, SPF, ARIPPHEC, respectively. Each flag
is eight bits. Flagsalues are: 0_= OK, 1 = old value,
10 value m1551ng, and 11 = corrected value

‘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.)

Word (ASPNPDC - Spin Period) - The time between two suc- °
cessive roll pulses of the spacecraft. (&nglneerlng Words %
c- 4ﬂ5 C-406, C-407.) Floating point form as used on

qus omer‘s computer. —

WQ;% 15 (SPF) - Engineering Word C-417 is the flag for sp1n

period (three bits). If bit 30 is 0, then SPSG (Spin
Perjod Sector Generator) roll reference = 0°, if set to

180°. ,
= o
Bits 31 and 32 . SPSG Modes . A¢Mﬁg s
00 Non-Spin Averaging @a&k i EC
01 ACS MAWP
10 . Spin Averaglng

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 60 .5
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. . {ymsee)

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

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

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 108 indicates data was missing.

-~

AR
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T,

1 = on, 0 = off. GMT of C-108 is located in Bits 6-32 of

20 is all "ones?, C-108 was missing for this subcom cycle.

Floating point form as used on customer's computer. Float-'
“ing point f£ill value of 1 x 106 indicates data was missing.

(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. If Bit 1 equals 0, then
Bits 2 and 3 (DQ) are the Data Quality Indicator. The fol-
lowing codes in binary: 11 equals all indicators are good,

‘ is suspect; 01 equals at least two indicators are bad, data
ig suspect; 00 equals data is bad. See Figure 5-49. If
Bit 1 equals 1, then Big 2 will indicate extent of filler:
0-equals at least this frame of data is filled with "ones"
g§g§? data resumes in this physical record; I' equals the rest
“of this physical record is filled with "ones'. .

_ : : .

(20) Word 20 (C-108/GMT of C-108) - Located in Bit 5 of Word 20.
Tt indicates the power status of the GSFC/CRT instrument: %?,

| Word 20. It is the time that C-108 was received. If Wordla

(21) Word 21 (PT - S/C Platform Temperature #6) - -20°F to 110°F.

H
i

y
%

a data is good; 10 equals at least one indicator is bad, data .

¢ H

| °
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a7
18 {°
19 |
201
K
&

23
A

91.

92
93
94

95

ATy
R

“TYPE - BINHARY

i) 21 3] 4] 5] ¢} ? Tofnjr2fisprafisf16j17f 18l 19| 20|21} 22| 23} 28] 25| 26| 271 28| 29| 30| 31! 32
. GMT
DAY OF YEAR
' TCF
AREFSELS -
SNR
| | DSS
. R - BIT RATE
MOD FMT
. ; RTLT
ESC
) - ASTDLYC
FLAG4 FLAG3 FLAG2 FLAG]
45 RAT
i ASPNPDC
R . 5 SPF
= ARIPPHEC
i GMT OF C-112
DC BUS VOLTAGE
: DC BUS CURRENT
C-108 0 GMI_OF C-108
| - PT
F 10Q : GMT_OF SCID O
. FILL 9 10 {11 ] 12 | FILL | 14 15 16 17
R ‘ FILL | 41 42 43 | 44
REPEAT WORDS 22-24 FOR MORDS 25-90 SCIDS 1-22
o . a—
F [og i e . GMT OF SCID 23 °
FILL 9 10 | 1 12 FILL, [ 14 | 15 | 16 17
E-124 FILL | 41 | 42 | 43 | 44 |-
F |oq | | GMT OF SCID 24 |-
“FILL 9 [ 10 [ 1 12 | e e [ s | 16 | 17
GSFC/CRT FILE 4 EXPERIMENT DATA

FORMAT A

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

Figure 5-12.

oref j'

GSFC/CRT File 4 (Sheet 1 of 4)
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11 21 3] & s] s] 7] 8] 9| ro]vijr12}13}14 1s] 1) 17 18] 19} 20| 21 22| 23| 24 25| 26 27128} 29]30) |32
96 E-125 FILL | 41 | 42 | 43 | 44
97 | F] DG GMT OF SCID 25
98 | FILL 9 | 10 | 11 |12 FILL 14 15 | 16 17
99 | | E-126 | FILL | 41 | 42 | 43 | 44
100l F[DQ[_  GMT OF SCID 26 -
101 | FILL 9 10 | 1 12 [ riee |14 | 15 | 16 | 17
102 _E-127 FILL | a1 | a2 | a3 | 44
103 | F|DQ GMT OF SCID 27 |
108 | FILL 9 | 10 | 11 |12 ] FILL 14 | 15 | 16 17
105 E-128 FILL 41 42 | 43 | 44
106 | F | DQ GMT OF SCID 28 |
107 | FILL 9 o |1 2 | Pl | 14 15 | 16 | 17
108 ! . ix E120 | FiLL [ a1 | 42 | 43 | 44
109 F| 0q GMT_OF SCID 29 “ . s
Mo | FILL o1 36 lu [z [rFe. s [ s [ |17 | "
mi_ | g0 | FILL |41 | 42 |43 | a8 |
4 REPEAT FORMAT OF WORDS 22-24 FOR WORDS 112-213 < =« o o3| 150 .nide
213 | | '
214 .
: REPEAT FORMAT OF WORDS 22-213 FOR WORDS 214-405 ccroc cv- o)l 7 7-/p3
405 .
406 A
: REPEAT FORMAT OF WORDS 22-405 TWO TIMES FOR WORDS &
73 .406-1173 SCIDS 128-383
1174 - . ’
i 128 WORDS OF FILLER FOR WORDS 1174-1301
1301
"EOR °® .
GSFC/CRT . FILE 4 " EXPERIMENT DATA
. | - ® FORMAT A (CONTD)
)

. ) a . -J
“ Figure 5-12. GSFC/CRT File 4  (Sheet 7 of 4) g;}\h&\
: P - ﬁ%a\ v
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NN
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68
69
70
71
72
73

Qs

O 0O N OVl & W~

&
s 1 21 31 ¢} s| 6} 7] 8] 9| 10j01}12]13] 14 1sl16] 17{ 18] 19] 20 21 22] 23] 28] 25| 26 271128)29130 3] 32
GMT
DAY OF YEAR
: TCF
AREFSELS
'SNR
| , DSS
. | BIT RATE
MOD FMT
RTLT
ESC
ASTDLYC
FLAG4 FLAG3 FLAG2 FLAGI
- ' ; 5 ~ RAT
- S _ ASPNPDE
ARIPPHEC
GMT OF C-112
DC BUS VOLTAGE
DC BUS CURRENT
C-108 - . GMT OF C-108
' . _pT
F| bq : GMT_OF SCID 0
FILL' | 14 15 16| 17
REPEAT WORDS 22,23 FOR WORDS 24-67
. ' ~SCIDS 1-22
F|DQ ' GMT OF SCID 23
. E-124 | FILL | 14 | 15 16 17
F|bQ GMT OF SCID 24
‘ E-125 FILL | 14 15 16 17
F | oQ  GMT OF SCID 25
E126. | FILL [ 14 [ 15 ] 16| 17
~ GSFC/CRT . FILE 4 EXPERIMENT DATA
TYPE - BINARY . - FORMAT B

LOGICAL RECORD LENGTH - 256 WORDS - | g;ﬁ&
PHYSICAL RECORD LENGTH - 1301 WORDS | ﬂangi
FILE SIZE - VARIABLE Lt ‘() v

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




74
75
- 76

77

18
© 79
- 80
81

149
- 150

277

o8|

o ..

1301

)

i

16) 17} 18] 19j 20|21} 22

11 21 3] 4 S g o]} r2113] 14} 1S 28] 25 26| 27} 28} 29 30} 31| 32
F| g GMT OF SCID 26 S
' E-127 FILL | 14 | 15 | 16 | 17 o
F| o | GMT OF SCID 27 s
E-128 FILL | 18 | 15 | 16| 17 20
: - Rt
F| pq GMT OF SCID 28 ¢
= 120 | FILL |14 | 15| 16 ] 7
F| o . | GMT OF SCID 29
E-130 FILL | 14 | 15[ 16| 17
- REPEAT FORMAT OF WORDS Z2-23 FOR WORDS 82-149 scroc -y ¢3| &1
" REPEAT FORMAT OF WORDS 22-149 FOR WORDS 150-277 corve (27| 117
; "REPEAT FORMAT OF WORDS 22-277 FIVE TIMES FOR
;;_): WORDS 276-1301 _SCIDS 128-639 ‘o
R
& EOR
(i
———
GSFC/CRT FILE 4 EXPERIMENT DATA
. FORMAT B (CONTD)
‘Figure 5-12. GSFC/CRT Fila'd (Sheet 4 of 4) Y
Y - . ) _ \‘:} ‘X&"\\% >




BrEUL/ ARL=~UZ/

J fuggg:%
R

* VALUE (BINARY) BCD | : | MEANING
- n 3 + *ALL INDICATORS ARE GOOD, DATA ‘IS 600D
10 - -2 AT LEAST ONE INDICATOR IS BAD, DATA
IS SUSPECT
01 1 AT LEAST TWO INDICATORS ARE BAD, DATA
IS SUSPECT

0 0 DATA IS BAD - NO SYNC

<

X

THIS VALUE IS COMPUTED' av THE FOLLOWING LOGIC:
5 QI = FS (1454), whé*e |
b . 1 IF DATA STREAM IS IN SYHC IN 360
; 0 TF DATA STREAM NOT IN SYHC
st _ 1 IF AVERAGE SHR OVER FRAME IS > A SPECIFIED MINIMUM
. 0 IF AVERAGE SNR OVER FRAME IS < A SPECIFIED MINIMUM
. 1 IF HSD BLOCK WAS RECEIVED WITH NO ERROR INDICATORS
"0 IF ANY BIT ERRORS WERE DETECTED IN HSD BLOCK
]
]
, )
°

]
Q ka ) . e

Figdre 5-49. Quality-lndicator (Binary)

- 5-159 -
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_VALUE (BINARY)

DSS 11 | : 00001011

DSS 12 00001100 -

DSS 14 o _ 00001110

DSS 21 . 00010101

DSN SIMULATION CENTER (SIMCEN) ,“ : ~poo11011

DSS 27 e :

DSS 41 - |  ool0t001 z

pss 42 - . . 00101010 ;

DSS 51 1 00110011

DSS 61 : o 00111101

DSS 62 8 | ~ oo1mitio, .

pss 71 | | v}b, 01000111 |

CAPE BUILDING Qo (DSS 70) 01000110 | |
_ SFOF (DSS 00) o R 00000000 L

MERRITT ISLAND MSFN (MIL) (DSS 90) - 01011010

USHS VANGUARD MSFN (VAN) (DSS 91) 01011011

BERMUDA MSFN (BDA) (DSS 92) . ~ 01011100

ASCENSION MSFN (ACN) (DSS 93). ' 01011101

CANARY ISLAND MSFN (CYI) (DSS 94) ' ol011110 ¥

BOULDER, COLORADO (DSS 99) 01100011

o

~ Figure 5-50. DSS Codes (Source Codes) )
s-160  ° N

. | Q(\)\\\.
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8

RATE .IN

VALUE (BINARY) = BCD ~ BITS PER SECOND
0000 P T
0001 | ERE | o 32
K0010i 2 | 4
oo 3 RER
0100 4 s
0101 5 sz
0110 6 1024
o 7 - oms ,;

]
: Figure 5-51. Rate of Data Transmission From §

Spacecraft (Binary)
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o FORMAT ID - BCD " FORMAT

« . 01000 | 8 OR 9 T A
00009 , 00R 1 B
0X100 | 4 OR 12 C1
0X101 | 50R 13 C2
oX110 = 6 OR 14 C3
ox111 7OR15 . ca ®
24 | D1 WITH A
6 . D1 WITH B
25 < D2 WITHA
17 ‘ D2 WITH B
26 D3 WITH A *

18 D3 WITH B

- DON'T CARE STATE (MAY BE A ONE OR A ZERO)
1 WHEN IN ROTARY C (OPERATIONALLY FORCED)

ﬂ'..

>
"

Figure 5-52. Format ID Assignments
5-162 .
? e . ?Eg‘\
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NATIONAL AERONAUT!CS AND SPACE ADMINISTRATION
AMES RESEARCH CENTER
MOFFETT FieLD, CALIFORNIA 94035

February 20, 1973

To: Distribution
Subject: Pioneer 10 Data Processing Mariagers

A recent check has been made into the Experimenter Data Record
(EDR) formats for the Pioneer 10 telemetry data.

It has been discovered that File 4 of the EDRs contains an error
in the "flag" information contained in- the header of each record
of File 4. The nature of the error is that the order of the
“flags" for the RAT (Roll Attitude Timer), ASPNPDC (Spin Period),
SPF ?Sp1n Mode), and ARIPPHEC (Rol11-Pulse/Roll-Index Phase Error)
is incorrect.

The parameter values themselves are correct and in the order
currently described in the section of PC-262, The Pioneer
F/G Off-Line Data Processing System wherein your EDR formats

for File 4 are discussed. The enclosure to this memo is a draft
copy which you are requested to insert in PC-262 to reflect the
proper position of the "flags" associated with the parameters.
The formal change will be sent shortly in a formal revision of
PC-262 but in the meantime the enclosed draft is complete.-

Choortea G Uadlf

Charles F. Hall
Manager, Pioneer Project

Enclosure:
1. Distribution List '
2. Draft of Correction to PC-262: Pioneer 10 Telemetry EDR File 4
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DRAFI OF CORRECTION TO.PC-262:

PIONEER 10 TELEMETRY EDR FILE 4
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(103

(11}

- a
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Line 8 & 9 (RTLT) - The Round Trip Light Time will be given

in total milliseconds.

Line 10 (ESC Subcom ID) - The Exteanded 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.

Line 11 (ASTDLYC) - Star delay time (1/256 second resolu-
tion) in DN. Twelve bits with telemetry bits reversed to
give proper bit weighing -999 indicates missing value.

Line 12 (Flag 1, Flag 2, Flag 3, Flag 4) - These are flags
for SPF, RAT, ASPNPDC, ARIPPHEC, respectively. Each flag
js six bits. Flag values are: 0 = 0K, 1 = old value, 2 =
missing value, and 3 = corrected value.

Line 13 & 14 (RAT - Roll Attitude Timer) - Engineering Sub-
com 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. %

Line 15 (ASPNPDC - Spin Pefiod) - The time between two suc-
cessive roll pulses of the spacecraft. Engineering Subcom
Words C-405, C-406, C-407. Floating point form.

Line 16 (SPF) - Engineering Subcom Word C-417 is the flag
for spin period. If value is 0, 1 or 2, then SPSG (Spin
Period Secotr Generator) roll reference = 0°, if value is
4, 5 or 6, then SPSG roll reference = 180°.

Value SPSG Modes

4 or O Non-Spin Averaging
S5or1l ACS :

6 or 2 Spin Averaging

Line 17 & 18 (ARIPPHEC - Roll Pulse/Roll-TIndex Pulse Phase-
Error) - The phase error measurement between the Roll Pulse
and Roll-Index Pulse with up to a maximum of # 60 msec of
phase error, generated by the Spin Period Sector Generator
(SPSG) .

Line 19 & 20 (Time of C-112) - GMT time that C-112 was re-
ceived. Zero indicates time was missing.

Line 21 (DC Bus Voltage C-107) - Ramge 26-30 VDC. Floating
point form. Zero indicates value was mis-ing.
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Line 8 § 9 (RTLT) - The Round Trip Light Time will be given
in total milliseconds. :

Line 10 (ESC Subcom ID) - The Exterded Frame Coun*er will
be a combined word from the S/C telemetry of botl the sub-
commutator identification word and the extended frame counter
word. Together they comprise a counter from 0 to 8191.

Line 11 (ASTDLYC) - Star delay time (1/256 second resolu-
tion) in DN. TIwelve bits with telemetry bits reversed to
give proper bit weighing -999 indicates missiug value.

Line 12 (Flag 1, Flag 2, Flag 3, Flag 4) - These are flzags
for SPF, RAT, ASPNPDC, ARIPPHEC, respectively. Each flzg
is six bits. Flag values are: 0 = 0K, 1 = old value, 2=
missing value, and 3 = corrected value.

Line 13 & 14 (RAT - Roll Attitude Timer) - Engineering Sub-
com Words C-112 and C-116. This time permits correlation
of the attitude of the roll index referc.ce line with given
telemetered science and engineering data. Floating point
form. ‘

Line 15 (ASPNPDC - Spin Period) - The time between two suc-
cessive roll pulses of the spacecraft. Engineering Subcom
Words C-405, C-406, C-407. Floating point form.

Line 16 (SPF) - Engineering Subcom Word C-417 is the flag
for spin period. If value is 0, 1 or 2, then SPSG (Spin
Period Secotr Generator) roll reference = J°, if value is
4, 5 or 6, then SPSG roll reference = 180°.

Value SPSG_ Modes

4 0or0 Non-Spin AVeraging
Sorl ACS :

6 or 2 Spin Averaging

Line 17 & 18 (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 * 60 msec of
phase error, generated by the Spin Period Sector Generator
(SPSG) .

Line 19 § 20 (Time of C-112) - GMT time that C-112 was re-
ceived. Zero indicates time was missing.

Line 21 (DC Bus Voltage C-107) - Range 26-30 VDC. Floating
point form. Zero indicates value was missing.
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‘{i. Objéctiveé
The NASA/Goddard Cosmic Ray Instrument is a cosmic radiation
analyzer designed to detect and measure the energ& spectra, atomic and
isotopic compositionfahdiangular distribtuion of galactic and solar
cosmic rays from ~50 KeV to ~800 MeV/nucleon in interplanetary space
and in the radiation belts surrounding Jupiter as the spacecraft passes
near the planet. The instrument includes three separate multi-element
solid state telescope assemblies to cover the energy range in three over-
lapping ranges and to quantize the energy loss in each telescope
element. The resulting data are conditioned and stored for presentation
to the spacgcraft telemetry system upon demand. Background effects
due to local interactions are mimimized by requiring multiple coinci-
dence between several elements. Consistency requirements applied during
data analysis further reduce background effects.

II. Instrument Description-

The instrument is mounted on the spacecraft with each telescope
perpindicular to the spin axis so that they scan the northern and
sourthern celestial hemispheres. Angular distribution and energy spectra
are determined by counting the number of particles passing thru each
telgscope and by digitizing the pulse amplitude from each detector for
a quasi-?andom1y chosen single particle. The several coincidence and
amplitude criteria required to initiate an analysis are priority fanked.
Less frequeﬁt events, such as heavy nuclei, are preferentially selected
for transmission to the telemetry system to improve the statistics of

these relatively rare events.




The instrument contains three multi element solid state detector
telescopes sensitive to particles in over 1appingvenergy ranges. The
telescopes are designated as:

| A. The High Energy Telescope (HET)
B. One Low Energy Telescope (LET-I)

C. A Second Low Energy Telescope sensitive to lower energy particle
(LET-II).

The range of energies covered for the various particle types and the

geometric factor for each telescope is shown briefly in table 1.

TABLE I

Particle Component Energy Range
Galactic cosmic ray protons & 4.5 - 800 MeV
Solar protons .05 - 800 MeVy
Galactic cosmic ray Helium 4.5 - 600 MeV/nucleon
Solar Helium ‘4 1.0 - 600 MeV/nucleon
He3/He4,D/H 4.5 - 50 MeV/nucleon
Galactic and Solar Electrons ' .050 - 5.0 MeV
1i, Be, B, C, N, O, F, Ne and

their isotopic 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
Geometrical‘Factors

High Energy Telescope 0.220 cm?-ster.
Low Energy Telescope I 0.155 cm_~-ster.

Low Energy Telescope II 0.015 cm“-ster.




A. High Energy Telescope (HET)

The'hiéh energy telescope is a four element array and is shown
schematically in Figure 1. Two of these elements (A and B) are
single; lithium-drifted silicon.detectors; 300 mm? in area and 2.5 mm
thick. The third element is a stacked'arranéement of four 850 mm2,
2.5 thick lithium drifted silicbn detectors (Cl and Cy, while the
fourth element C3 is a similar detector which identifies events as
stopping somewhere in the telescope ABCjCy or as penetrating the
entire telescope. For particles which come to rest within the
telescope (20 - 50 MeV/nucleon) three measurements are made -
energy loss (dE/dQﬁ), total energy, and range. The simultaneous
measurement of total energy and range provides a very powerful
method for rejecting detector background, which is a particularly
significant Proﬁlem in this energy regime. For particles which
penetrate completely through the stack of solid state devices, three
separate dE/dx measurements are made. This will allow the differential
energy spectra to be obtained for helium and hydrogen from 50 - 800
MeV/nucleon. Charge resolution for penetrating particles will be
possible up to approximately 200 MeV/nucleon.

Figure 1 also shows a simplified logic drawing for the HET.

In addition to the three 10-bit addresses associated with the pulse
height analysis of each HET event, we require additional bits to
identify the coincidence condition which initiated the analysis, identify

the data as HET, identify the spin sector in which the event occurred,

and to determine if the event penetrated to szand/or C3. The coincidence
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conditions which can initiate an analysis are shown in Figure 1 and

correspond to stopping particles, stopping heavies (He and above), penetrating
heavies, and all penetrating particles. Since these detectors will

usually be telemetrysreadout limited; the priority system will select

these rare particles for analysis on a time shated basis; thus artificially
enhancing the fraction of alpha particles and heavies in the data. The

true ratios of these particles in interplametary space can be determined

from the counting rates of the various coincidence conditions listed in

the figure. Certain rates are sectored; e.g., counted into eight

different counters corresponding to eight equal sectors (459) of spin,

synchronized to the see-sun direction.

B. Low Energy Telescope (LET-I)

LET-I is a three element dE/dx vs E telescope plus an anti-

coincidence detecter. It will cover the energy range from 3 to 22
MeV/nucleon, and in this interval charge resolution will be possible
from Z = 1 (hydrogen) to Z = 8l(oxygen). The telescope is designed
to measure both the energy spectra and angular distributions over
these intervals.
The detector and its associated electronic system configuration
is shown-in~Figure 2. Detectors D1 and Dz are identical silicon surface"A":m
barrier devices each 100 microns thick and 100 mm2 in area. They serve
the dual purposes of defining the geometry of the detector telescope

and also providing a redundant double dE/dx measurement. Detector E

is a lithium drifted silicon device 2.5 mm in thickness and 300 mm2

in area. vIt;serves as a total energy measuring element. The F




detector, another 2.5 mm thick lithium drifted silicon device,

simply acts as an anticoincidence. - Events of the type DlDiﬁ and

D1D2E§'will.be analyzed. The_DlDiEfievents correspond to protons
betweeﬁ 3 and 5 MeV whereas the»DlDZEf events include the 5. to 22
MeV range for protons:

Figure 2 also outlines the pulse height analysis system,
conditions, and the au#illiary bits required. A priority system
similar to HET is incorporated to emphasize rare events, and many
different count rates are monitored. Several rates are also
sectored by eight to allow us to reconstruct an angular scan.

This detector, like the HET, is self-calibrating. In
addition the telescopes have been designed such that an overlap in
the individual energy responses of the detectors does exist. This

will then allow cross calibrations between detectors.

€. Low Energy Telescope (LET-II)

This telescope is specially designed to study low energy protons
and electrons in the Jovian radiation belts and particles of solar
origin in the interplanetary region. Since this detector system is
quite small, it can be effectively shielded from the spacecraft RTG's
with lead an& éluﬁinum. A schematic of this detectof,and»the~associated
electronics.iéfshown in Figure 3.

There are three elements:

S1 50 p - 50 mm2 Silicon Surface Barrier
Sy 2.5 mm - 50 mm? Lithium-drifted Silicon

S3  2.5mm - - 200 mm® Lithium—drifted Silicon




The S; thickness was chosen to minimize the electron response without
making an unreasonable sacrifice in thevdetecfor performance.

The detectors S; and S, are used individually and in coincidence
as total absorption spectrometers. S3 0peratiné in an anticoincidence
mode insures that only stoppiné particles are analyzed. In additionm,
S2 is made with a coaxial detector enclosing the center active region
so as to provide anticoincidence to particles coming from the sides.
Sq will stop electrons in the range 50 - 150 keV and protons in the
range 50 keV - 3 MeV. The S, detector will respond to electrons
in the energy interval 150 keV - 1 MeV and the proton interval
is 3 MeV - ZOAMeV, and in these_ranges an unambiguous separation of
electrons and protons is possible. Figure 5 also lists the rates and
sectored rates that are monitored for this detector. Stopping alphas
in the S; detector will have a unique response from 1 MeV - 3 MeV/

nucleon for solar alpha events.

D. 1Instrument Operation

The output signals from each telescope element are amplified and
actively shaped in a charge~sensitive preamplifier and post-amplifier
producing gaussian shaped pulses suitable for amplitude analysis. Pulse
amplitude distriminators produce logical outputs which are combined
digitally to detect each of the coincidence - amplitude conditions
listed in figures 1, 2 and 3. Certain coincidence conditions can
initiate digitization of the amplitudes of the detector output pulses.

Delay lines allow time (~ 3 psec) for the coincidence system to recognize

one of the allowed conditions, prime the pulse height analyzers (PHA's),




and open the linear gates briefly so that analysis of pulses from the

passage of a single particle through the telescope may be performed.

The digitized output and the auxiliary identification bits (total of

40 in all) constitute a unique event and is preserved in storage for
later readout to telemetry. 1If a particle of higher priority is detected
prior to readout, analysis is allowed and the resulting data replaces

the previous data in readout storage.

In addition, the occurrences of many other coincidence conditions
are detected by the coincidence matrices. There are 57 such unique
conditions which are commutated into 32 counters on a time sharing
basis. Each counter is a 24 stage binary register whose output is
converted to a 12 bit log of the number of events accumulated, with

accuracy better than 0.5%. Sixteen counters are devoted to sectored

rates, sixteen to unsectored rates. The accumulation interval for the

sectored rate counters is synchronized to the spacecraft roll to insure
that the live time is exactly an integral number of rolls, and the rate
‘af output is gated to one of eight counters during each 45° portion of
spacecraft roll., The number of rolls during each accumulation interval
is automatically determined by the bit rate in use.

Commands may be sent to the experiment which turn off the PHA's
to reduce power consumption by ~ 0.45 watts, to disable the sectored
rate roll-synchronizer, and to turn on or off an internal pulser which
provides electronic stimulus to the preamplifiers and following circuitry.

When power is switched on, the instrument is set to the preferred mode of

operation (PHA's and roll synchronizer on, internal stimulus off).




Any of the remaining options (Low Power, Internal Stim. On, or Roll

Synchronizer Off) are used only for engineering purposes and are

not preferred.
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