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Subject: Red&fi  ni.i-.i on o f  EDR Formats f o r  Fi1 e 3 and 4 

Recently i t  has c m e  t o  our  at tention  that  the spacecraf t   a t t i tude 
and pointing  data  supplied  in  File 3 of j'our Experinlent Data  Record 
( E D R )  i s  n o t  suf f ic ien t  t o  resolve tile reference-axis phase e r ro r  
for  colxputing your  instrument  sectoring. A detailed  analysis 
perforiiied on the  spacecraft  data f rom launch t o  the f i r s t  of 
June has revealed t h a t  th i s  problem i s  q:litt? complex. The 
analysis has revealed  that a Runlber of other  parme-ters and s ta tus  
b i t s  m m t  be checked in order t o  determine  the  type and extent o f  
correction t h a t  must be made. I l k  recognize t h a t  each i t w s   t i g a t o r  has 
df f f z ren t  requi  renents  for the accuracy  required  in  the  solution o f  
this problem. We, therefore, h a w  attempted t o  carry  the  solution, 
f o r   a t   l e a s t  those cases w-! have ident i f ied,  dcwn t o  the  f inest  
de ta i l .  From t h i s ,   i t  i s  yotir prerogGtive t o  se l ec t  the depth 
o f  deta i l  you desire for tile accuracy you require. The net   effect  
o f  t h i s  whole problem is t h a t  we have  been forced t o  modify, t o  a 
small extent,  the foi-zzt and content o f  the d a t a  in your EDR's for  
Fi le  3, which contafns  the  spacecraft  attitude  data, and Fi le  4 ,  
ethic11 contains the science d a t a  from your $nstrur!1etrt. The enclosed 
p i ckqe ,  therefore, i s  esserrti a1 ly  broken down i nt.0 .two parts.  
Tkey are: 

1. The new File 3 fo:*n~at  contaim the spacecraf t   a t t i tude 
d a t a  along  with an  explanat'ion o f  the parameters 
conta5ned therein. The essential  difference b e t w e n  
this f o r m a t  and t h e  previous one i s  t h a t  w2 have deleted 
the  Celestial L a t i  tude Drif t  o f  the  spin  axis and added 
t h e  clock  angle o f  thz sun ( C U H )  and th.2 clock  angle o f  
the star,  Canopus (CUS). 

2. The new Fi l e  4 forrnat contains a mi nor change wherein we 
have inserted add-i t i o n a i  i nforwation i n t o  a spare word i n  
the fixed words o f  the data record. These two pieces o f  
5 nformati on are: 
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a. Bits 5 and 6 of engineering word c-431. These 
two bi ts   indicate  whether the  spacecraft i s  

'operating from the star sensor, sun sensor A,  
or sun sensor B. The configuration  of bits are 
interpreted  as: 

00 - Erro'r 

01 - Star  

10 - Sun B 

11 - Sun A 

b,  Engineering words C-419 and  C-420. These two 
words together conta in  a 212 counter  indicating 
the  star delay. The conversion of this  counter 
t o  an angu la r  off-set  is: 

S t a r  Delay (degrees) = (Contents of C-419 & C-420) 360" 
256 (spi n period) 

A t  the present time a review of the  results of the  detailed  analysis,  
which includes working equations  for the solution of the  reference- 
axis phase'error  for computing your  instrument look angles, i s  being  
conducted.  This  information  will be sent  t o  you upon completion 
of th i s  review. 

You wi 11 note t h a t  the i tems discussed above are marked as "draft".  
We are sending th i s  rough form to  you i n  the   in te res t  of s a v i n g  some 
time; however, a l l  o f  this  information  will  eventually be published 
i n  the  appropriate  sections of document PC-262, Pioneer F/G: Off- 
Line Data Processing System. 

I would l ike t o  point o u t  t h a t  on June 22 ,  we ran the Acceptance Test 
on a JPL produced Master Data Record ( M D R )  tape. This, of course, i s  
a superior and more complete d a t a  source than  the System Data Record 
(SDR) tape which we were forced  to use in  generating  the f i r s t  30 
EDR's t h a t  we sent  t o  you. I t  i s  our intention t o  regenerate  all 
EDR's t h a t  we have sent  t o  you using  these new source  tapes. We will 
follow  the  philosophy  for  generating EDR's t h a t  was outlined a t  the 
Quarterly Review on Apri 1 24,  T h a t  i s  , we  wi 11 send you EDR's on 
the most current  data we have; and this will  probably begin w i t h  Day 
176 (June 2 4 ) .  We  wi 11 maintain the  current flow of d a t a  and then, 
i n  para l le l ,  we will  regenerate a l l  the  past  data  starting  at  launch. 
The production flow o f  the new data  will comnence during  the f i r s t  
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week of July. I t  necessarily follows, o f  course, t h a t  a l l  of these 
new data  tapes w i  11 be i n  the form  and format  given i n  the enclosures 
discussed  earlier. We request  that  you return  the  earlier EDR's 
t h a t  we sent you when you receive  the  regenerated  data. This 
will  eliminate  future  confusion because o f  the  difference i n  the . 

data formats. 

Charles F. Hall 
Manager, Pioneer Project 

. 

Enclosures : 
1. EDR Fi  l e  3 Data Format 
2. EDR File 4 Data  Format 

I 
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a , Enclosure 1 
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EDR. File 3 
' ." . 
I .  

Format and Definition 

0 

. 

b . '  
b 
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File  3 (See Figure) Fi le  3 is binary and contains S/C a t t i tude   da ta   for   the  
pas t  31 days.  There is a ten-word entry for each  day, A l l  .words are r i g h t  
adjusted  unless  otherwise  stated.  Missing  entries will be f i l l e d  with zeros. 
The first en t ry  -is' the least current and the  last  en t ry   i n   t he  f i l e  is the most ' . 

a current  , 

1. 

2. 

3, 

4, 

5. 

6 ,  

9 

7. 

,Word 1 (DAY-GMT) Elapsed  days  since start of year . .  

Word 2 (GMT) Elapsed time in  mill iseconds since'start of day' for 
time of first data  word in   record  

Word 3 (SPARE) Blanks 

Word 4 (FLAG) The f lag   in te rpre ta t ion '  is as follows: 

00-Special  Refinement (+0.1 degree  accuracy) 
Ol=High-Gain Antenna (+b. 3 degree  accuracy) 
lo=Mediunl?Gain Antenna-(+l. 3 degree  accuracy) 
ll=Dynami< Posit ion for Eelta V Maneuver (+3 ,0  - degree a ccur 

.. , '  

Word 5 (ON-Ce les t i a l  Longitude  degrees of the  spin  axis)  Floating I 

point fpr$ as  used on customers  computer 

Word 6 (CUT-Celestial  Latitude  degrees  of  the  spin axis) Floating 
point  fon&as  used on customers  computer 

Word 7 (&W-Clock Angle of Sun, degrees)  Floatiqg  point form as 
. t .  
,.I..: 

.4 used on 'iiiistomers computer 

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

. .  

9 ,  Words 9 - '10 (SPARE) Blanks 

e .  



3 f  SPARE 
4 FLAG 
5 CLON . . , , ' CURREN' 
6 CLAT 
7 - CKAH .. 

LEAST 

EVTRY . e  8 

7 '  
A 

8 * CKAS I 
9 

10 

300 
301 
302 
303 
304 FLAG 
305 CLON CURRENI 
306 CLAT 

MOST 
' ENTRY 

307 CKAH I 
308 CKAS I 
309 SPARE 
31 0 SPARE 

EOF 

SFC/CRT F I L E  3 ATTITUDE DATA. 
* TYPE-BINARY 

LOGICAL RECORD LENGTH - 10 WORDS 
PHYSICAL RECORD LENGTH - 310 WORDS 
F I L E   S I Z E  - 1 PHYSICAL RECORD 



. .  
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GODDARD SPACE FLIGHT CEEJTER 
. .  

0 

Enclosure 2 

. .  
EDR F i l e  4 

'Fmnat and Def inft ion 

* .  

. .  
4 

' !  

. 
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Word 1 (3") - Time in  elapsed  milliseconds from start Of 
&e of  the first data  word i ; ~  the  record. 

Word 2 (Day of  Year) - Self  explanatory. 

.Word 3 (TCF) - Time correction  f lag.  The following  codes 
are in  binary: 000 - no correction, 111 = suspect time or  
*corrected time. 

Word 4 (AREFSELS) - Reference  Select  Status - 2 b i t s ,  F i l l '  
value of "all ones" indicates  value missing, 

Meaning Bits 
. .  - 1 .  

8 .  

00 ERROR 
01 STAR . .  
10 SUNB 
11 SUNA ' 

0 

7' 

d,  F- . -  A l l  words are r i g h t   j u s t i f i e d  and 
binary  unless  otherwise  stated. 

, W m  - kignal + NoisgNoise i n  f loat ing  point  form 
5 s  I.. used on customer's  computer. 

ro rd  6 (DSS) - Deep space  station which was tracking.  See 
Figure 5-50. 

Word 7 (Bit  Rate) - B i t  rate a t  which data  record was faken. 
See  Figure 5-51. 

." , 

Word 8 (MOD-FMT) - Mode and Format are  two data  values, 
t h r e e   b i t s  and f ive   b i t s   respec t ive ly ,  packed t o  form, 
e i g h t   b i t s   r i g h t   j u s t i f i e d  of  Word 8. 

Mode:  The following  codes  are  in  binary: 000 o r  
001 = real   t ime; 100 o r  101 =I telemetry 
s tore ;   010 'or  011 - memory readout. 

Format : See Figure 5-52. . 
Word 9 (RTLT) - The Round Trip Light Time will be given i n  
total   mill iseconds.  

Word 10 (ESC'  Subcom  ID> - The Extended Frame Counter will 
be a combined  word  from the S / C  telemetry of both  the sub- 
commutator i den t i f i ca t ion  word and the extended frame 
counter word. Together  they comprise a counter from 0 t o  
8191 



b r  

. .  
* 

_ .  

. '  

(11). Word 11 (ASTDLYC) - S t a r  Delay Time (1/256 second  resolu- , 
t ion)  i n  DN. Twelve bi ts   wi th   the  te lemetry  bi ts ,   reversed 
to   g ive   p roper   b i t  weighing. Latest   available  value - 
F i l l  of ."ail ones" indicates  value  missing. 

(12) Word 12 (Flag 1, Flag 2 ,  Fla? 3 ,  Flag 4) - These a re   f lags  
f o r  RAT, ASPNPDC, SPF, ARIPPHEC, respectively,  Each f lag  
is eight  bits.  Flag,values  are: 02 OK, 1 = old  value, 

7' 10 = value  missing, and 11 = corrected  value. 
98 

(1'3) ,Word 13. (RAT - Roll  Attitude Timer) - Engineering Subcom ' , 

Words C-112 and C-116.. This t ime.permits  correlation  of 
the  a t t i tude  of   the  rol l   index  reference  l ine  with  given 
telemetered  science and engineering  data,  (Floating  point 
form as used on customer's computer.) 

(14) Word  (ASPNPDC - Spin  .Period) - The time between two suc- ' 
cess ive   ro l l   pu lses  of the  spacecraft.  (Eogineering Words 
C-445,  C-406,  C-407.) Floating  point form as used on 
cudomer s computer, - 

. .e. ': : 

(15) Word 15 (SPF) - Engineering Word C-417 is t he   f l ag   fo r  spin . , 

pekiod  (three b i t s ) .  If b i t  30 is 0, then SPSG (Spin 
Period  Sector Generator) ro l l   re fe rence  0'; if set to  .' 15&?1800, 

2% ' 

Bits 31 and 32 

00 
01 
10 

SPSG  Modes 

Non-Spin Averaging 
ACS 
Spin Averaging 

0 

(16) Word 16 (ARIPPHEC - Roll  Pulse/Roll-Index  Pulse Phase 
Error) - The phase e r ro r  measurement between the  Roll 
Pulse and  Roll-Index  Pulse  with up t o  a maximum of 60 
- 

~. 

msec of  phase  error may be a plus-or a minus quantity and a 

is  generated by the  Spin  Period  Sector  Generator (SPSG). . 

Floating  point form including  sign as used on customer's . 
computer. 

(17) Word 17  (Time of  C-112) - GMT time  that C-112 was received ' 
(RAT). A l l  "ones" indicate  time was missing. . . .  

(18) Word 18 (DC Bus Voltage - C-107) - Range 26-30 VDC. 
Floating  point form as used  on  customer's computer. 

missing. 

r -  

Floating  point f i l l .  value  of 1 x 106 indicates   data  was I 

(19) Word 19 DC Bus Current - C-,l29) - Range  0-6A. Floating 
point form as used on customer's computer. Floating point 
f i l l  value of  1 x lo6 indicates   .data  was missing. 



.. 
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/(io)' Word 20 (C-l08/GMT of  C-108) - Located i n  B i t  5 of Word '20. 
I tBindica tes   the  power s ta tus   o f   the  GSFC/CRT instrument: 

Word 20. I t  is the  t ime  that  C-108  was received. I f  Word 
20 i s  a l l  "ones", C-108 was missing  for   this  subcom cycle. 

. - -. - - - - - . . - . - -- 

1 1 = on, 0 = of f ,  G M '  of  C-108 i s  located  in Bits 6-32 of 
' ; 

I 

1 .  
I 

l(21) Word 21 (PT - S/C Platform  Temperature #6) - -20°F t o  110'F.' 
Floating  point form as used on customer's  computer. Float--! , 1 -_ -ing  point f i l l  value  of 1 x 106 indicates   data  was missing. .._& I i 

I i 
'(22) Worda 22 ( F ,  DQ) - B i t  1 of Word 22 is t h e   f i l l   i n d i c a t o r :  1 , 0 equals  data, 1 equals f i l l .  Bits 2 'and 3 ' o f  Word 22 are  , 

dependent on B i t  1 of Word 22. If B i t  1 equals 0, then 
B i t s  2 and 3 (DQ) a re   the  Data Quality  Indicator. The fol-  
1owing.codes in   binary:  11 equals a l l   i n d i c a t o r s  are good, ' 

is* suspect;  01  equals a t  l ea s t  two indicators  are bad,  data i s  suspect;  00 equals  data is bad. See  Figure 5-49. If 
B$F 1 equals 1, then BiJ 2 will, indicate   extent  of f i l ler :  
0;pquals a t  least t h i s  frame of'data is f i l l ed   wi th  I1ones1' ' 

I data  i s  good; 10  equals a t  l ea s t  one indicator  is bad, da ta  . 
- i  

data  resumes i n  this  physical   record; 1' equals the regt 
this  physical .   record is  f i l l e d  with tlones". ,: .._.______. .. _,...___ _ , . . _ . ~ _ _ _ _ _ . . _ . I . . . _ . ~ . . . . _  . .  . ... .. . * - i  .,:e. ' *  -- 

b 

i 

I 

' \  

0 
. 

~ .. 
. .  



3 
4 
5 
6 
7 
a 
9 

t o  
11 
12 

. '  13 RAT 
14 ASPNPDC 
5 ,  e ; SPF . - r  

6 ARIPPHEC ' 

' 

C .  

7 1  GI4T OF C-112 
18 DC BUS  VOLTAGE 

DC BUS CURRENT 
C-108 I 0 GMT OF C-108 

3 'PT 

22 F 1 DQ I GMT OF SCID 0 
23 F I L L  I 9 I 10 I 11. * I  12 FILL 14 15 16 17 
24 FILL 31 42 43  44 
, *  REPEAT'WORDS 22-24 FOR  MORDS 25-90 SCIDS 1-22 

. r  . 
91. 
92 
93 
94 
95 

GS FC/CRT F I L E  4' EXPERIMENT DATA 
TYPE - BI;4ARY FORMAT A . , 
LOGICAL RECORD LENGTH - 384 WORDS 
PHYSICAL RECORD LEiJGTH - 1301 WORDS . 
F I L E   S I Z E  - VARIABLE 

Figure 5-12. GSFC/CRT File 4 (Sheet 1 of 4 ' 

V 

- . ~  



96 
97 
98  
99 

" 1c3 
101 
102 

103 

104 
105 
106 
107 

' 108 

109 

* 
c 

21 3 
'21  4 

. .  
405 * 
4 06 

1173 
1174 

1301 

GMT OF S C I D  29 
FILL 9 I 11 I 12 FILB . 14 15 16 17 

,. . ' . 
E-130 FILL 41 42 43 44 

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

REPEAT  FORMAT  OF WORDS 22-21  3 FOR WORDS 214-405 

REPEAT  FORMAT  OF WORDS 22-405 TWO TIMES FOR WORDS ' 1 

,406-1  173 SCIDS 128-383 

128 WORDS OF FILLER FOR WORDS 1174-1301 

I 

GS FC/CRT FILE 4' 
6 

EXPERIMEIIT  DATA 
FORMAT A (COfJTD) 

?' Figure 5-1.2. CSFC/CRT File 'i . (Sheet 'Ti>€ .4) 
0 

. .  



4 
5 'SNR I 
9 c BIT RATE 
8 I MOD I FMT 
9 RTLT I 

10 1 ESC 

12 I FLAG4 1 FLAG3 I FLAG2 I FLAG1 
11 ASTDLY C 

13 RAT 
14 

c . - . .  
ASPFIPDC . 

; !  

<*r 1 5 ,, ".. SPF 
1 6  

- .'18 

. .  
ARIPPHEC 

iz . GMT OF C-112 . ,  

. *  0 DC BUS VOLTAGE 

. .  79 DC BUS CURREUT 

20 C-108 I GMT 'OF C-108 
21 . PT 
22  ,F I DQ I GMT OF S C I D  0 
23 I F ILL '  I 14 I . J 5  1 1 6 . 1  17 
.. e .  b REPEAT WORDS 22323 FOR WORDS 24-67 -. * 

: I  S C I D S  1-22 

68 F [ DQ [ GMT OF S C I D  23 
69 I E- 124 ' 1  FILL I 14 I 15 I 16 I 17 
70 -7 GI47 OF S C I D  24 
71 I . E-125 I FILL I 14 I 15 I 16 I 17 

" 

~~ ~~~ 

. 
, . 7 2  - F I D Q  1 GMT OF S C I D  25 

73 I E-126 9 I FILL I 14 1 15 I 16 [ 17 

GS FC/C  RT * FILE 4 EXPERIMEUT  DATA 
TYPE - BIUARY 
LOGICAL RECORD LEi-IGTH - .  256 WORDS 
PHYSICAL RECORD LElJGTH - 1301 WORDS 
FILE SIZE - VARIABLE 

' 

FORMAT B 

I 

Figuie 5-12. GSFCfCRT File 4 (Shek 3 of 4) 



74 
75 
76 
77  
78 
79 
80 
81 
. 
f 

,149 
- 1  . 

REPEAT  FORMAT O F  WORDS 22-149 FOR WORDS 150-277 
L 

277 .. -. . I 

278 * . .  1 

I ' - I 

a 

. 

i 1 

GSFC/CRT FILE 4 EXPERIMEiiT  DATA 
FORMAT 8 '  (CONTD) 

e .  



VALUE  (BINARY) 

71 

-. 1 0 
..L 

01 

0 

BCD 

3 - *ALL  INDICATORS ARE GOOD, DATA I S  GoOD 

' , 2  AT  LEAST  OIiE  INDICATOR I S  BAD, DATA 
I S  SUSPECT 

1 AT  LEAST TWO INDICATORS ARE  BAD, DATA 

0 DATA I S  BAD - NO SYNC 

I S  SUSPECT 1 .  
s .  

. 
.. ~ 

? .  

T H I S  VALUE IS COMPUTED'BY  THE  FOLLOWIIIG  LOGIC: 

. 4 QI = FS ( l +S+H) ,  wh@re: 
1. '. 

f ', 
r 

. I >< 

1 I F  DATA  STREAM IS I N  SYlJC I N  360 
Fs = o I F DATA STRLAM NOT 114 s v r ~  

I 

1 I F  AVERAGE SfJR  OVER  FRAME I S  2 A SPECIFIED  MINIMUM 
0 I F  AVERAGE SNR  OVER  FRAME I S  < A SPECIFIED  MI I I IMUM 

1 I F  HSD  BLOCK WAS RECEIVED  WITH NO ERROR INDICATORS 

: s  = . 
' = o IF ANY BIT ERRORS WERE D E ~ E C T E D  IN HSD  BLOCK. 

8 

. 

I 

?' 

Figure 5-49 .  Quality  Indicator  '(Binary) 

5-159 ' . ' .  , < " 
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DSS 11 

DSS 12 

DSS 14 

DSS 21 

DSN SIMULATION CEFJTER 
DSS 27 

DSS 41 * 

- 

, 

DSS 42 I 

DSS 51 

DSS 61 

DS"S 62 

DSS 71 

I .  

i 1  

( 

(S  IMCEfJ) 

7 .  

CAPE B U I L D I N G  PO (DSS 70) 

SFOF  (DSS 00) e 

MERRITT  ISLAND MSFtJ ( M I L )  (DSS 90) . ' 

USNS VANGUARD  MSFfJ (VAN)  (DSS 91) 

BERMUDA MSFN (BDA)  (DSS 92) - ,  

ASCENSION MSFTJ (ACN)  (DSS 93) 

CANARY ISLAND MSFN (CY1 ) (DSS 94) 

BOULDER, COLORADO (Dss 99) 

0 

, VALUE (BIMARY) 

00001 01 1 

00001 100 ' 

00001 11 0 

0001 01 61 

0001 101 1 

. . ,  

001 01 001 

001 01 01 0 

001 1001 1 

00111101 

00111110. 

01 0001  11 

01 0001 10 

00000000 

. 01011010 

01011011 

01011100 

01 01 11 01 

.' 

01 10001 1 

Figure 5 - 5 6 ,  DSS Codes (Source Codes) 

7' 



VALUE (BINARY) BCD 

., : 

. .  

0000 

0001 

001 0 

0011 , 

0100 : 
01 01 

0110 

0111 
. . . - . . . I 

0 

1 . 
+ 2  

3 

4 

5 

6 

e 

. 

RATE .IN 
BITS PER SECOMD . . .  

. .  - ' 16 . '  
32 

e64 : 

1 28 

256 , 

51 2 

1024 

1' 

, .  

. ,  

, .  

' 2048, . * 

I 

. .  
8 

. 
. .  

2 .  

I 
I 

. I  

.. 

Figure 5-S1. Rate o f  Data Transmission From ,B 
Spacecraft  (Binary) 

. ,  

#' ' 



BFEC/ARC-027 

. '  

a .  FORMAT I D  BCD FORMAT 

c -. 3 0100s 

OOOOB 
b 

8 OR 9 
0 OR 1 

* A  
8 

ox1 00 
ox1 01 
0x110 : 

4 OR 12 
5 OR 13 
6 OR 14 

c 1  
c 2  
c 3  
c 4  7 OR 15 ox111 

24 
16 

D l  WITH A . .  
D l  WITH B 
D2 WITH A 
02 WITH B * .  

D3  WITH A '* 

D3  WITH B 

, 
11  001 ;* . 25 

17 
26 

10001 
11010 

18 too1 0 - 

fl = DON ' T  CARE STATE (MAY BE A ONE OR A ZERO) 
X = 1 WHEN 1N ROTARY C (OPERATIONALLY FORCED) 

.. 
Figure 5 -52 .  Format ID 'Assignments 
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A B - S T R A G T  

1.’his  document  outlines  the desiga specifications of the 

Pioneer  GSI?C/CRT  Data  Reduction  Program (PIODRP) and 

br ief ly  defincs the  supplemental   pro~;rams  which  comprise   the 

Pioneer   GSFC/CRT . .  Data  Reduction  System.  PIODRP hzs as  
. .  . .  

~ t apes  and. the  Events   per   second  (RATES) tapes  The  PHA 
/’ 

and RATES tapes  contain  the  GSE’C/CRT’experirrent  data  in 

a readi ly   access ib le   format  for subsequent analysis programs.  

i 
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Section 1 

INTRODUCTIOX 

1.. 1 SYSTEM  DESCRIPTION 

The   P ionee r  G S F C / C R T  Data ' .Reduction Sys tem is a collection of 

programs  which  aid  in  the  reduction  and  ari .alysis of the   P ioneer  G S F C /  

CKT  experiment   data .   Included  in   this   system is the  main  data   reduci l (3n 

p rogram  (P ICDRP)   wh ich   c r ea t e s   t he  PI-IA; RATES and CATALOG tape:;., 

as wel l  a s  a r u m b e r  of utility  and  mainten2:nce  programs  which perform 

the  following  functions: 

a. Alloca te   d i sk   space  fo r  the  tz-.pe  catalogs 

. b. :r,nitiAlize  and mod i fy  the  tape  catalogs 

- c.  ~ List and  create   Sackups f o r  t ce   va r ious   t apes  used 
. .  

.- 2y the  D. R.  S. . .  

. d. 'Save the  tape  catalogs  which  res ide  on  disk  onto  backup 

t ' apes   and   r e s to re   t hem  f rom  t ape .  
. ,  

The  main  data   rcduct ion  program'(P1ODRP)  reads  the EDR. tapes  

and  produces  t ime-ordered P H A  and  RATES  tapes ,   p r in ted   da i ly   summar ies ,  

printe 'd  processing  messages,   and  t ime-orrtered  CATALOG  tapes  containing 

the  logistics,   command  and  att i tude  information. A catalog cf all the  tapes   used 

by  PIODRP is kept on the   d i sk   and   updated   each   t ime  the   p rogram is run.  

Using  this   catalog,   PIODRP  determines  the  locat ion  ( tape  volumc) of 

p-reviously  'processed  data .when  merging  or   adding new data   with  the  old.  

At the  end of each  run,   information  per ta ining  to   the  tape  catalog is pr inted,  

_i 

indicat ing  the  current   s ta tus-of   the D.R . S. 

1.2 SYSTEM P€IILOSOPHY . 
The following  considerations  were  includ.ed in. t h e   s y s t e m  

design: 
L .  

-~ . ~ 
~~ ~. . . .. 
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a. 

b. 

a. 

4 
i 

The Trajectory  data   wil l  bc. rnaintaincd  in a separate  

tape  data  set  and  not  merged wi th  the P€€A and RATES 

data since  all   the  Tra,jectory data for   the  ent i re   Pioncer  . 

mission is expestsd to be contained on four t a p  volurnes. 

However,  the  location  (tape volume) and t ime  per iods of 

this  data will be maintained ir-, th. Tape  Catalog. 

The PHn and RATES  tapes   a re   c rea ted  ill a one pass  

system rather   than a two pass   system  to   e l iminate  

duplication of the  setup  functions  inherent to  a D. R .  S. , 
the   computer   t ime  required  to   plocess   the  same  data  

a sc cond  time  and  the  tapes  required  €or the intermediate  

s t o ~ . a g e  of the  expcriment  data.  

SYSTEM . .  DESIGN SPECIFICATIONS AND ASSUMPTIONS 

P I O D R P  is designed  to  rull  on a n  IUM S / 3 6 0  computer  and 

util: ze' three 9 - t r a c k   t a l c  dri-:rcs io:le fo r  the irlg'clt E D R  

tape  and t w o  for  -merging of the P E A  data,  one  input  and 

one  output)  and two 7-track  tape  dr ives   ( for   merging  the ' I : _ .  . I  . 3 

RA7'ES data,  one  input  and  one  output) , five  permanent 

IBM 2 3  14 direct   access   data   sets   ( four   Tape  Catalog  Data  +/,::,.. 

Sets  and  one  Catalog  Pointer  Data Set-), t h ree   t empora ry  

IBM 2314 d i r e c t   a c c e s s   d a t s   s e t s  (one each  for the  logistics,  

. .  i 

-,? c ;\-: ,_. ' . . .: 

[, II .,. , ' l i  ; '  ..; 

(0: p /q ,( &d ' ;  

d p  p &h &&? 

-J . , .. .. 

b. . The  CATALOG t a p s  wil l  u t i l ize   the  three  9- t rack  tape 

drives  listed  above  (one  for  tnput  and  two  for  output of the 

p r imary  and  backup  CATALOG  tapes)  after all processing 

for the current  run  has  Seen  completed.  



. .  

Section 2 

DEFINITIONS AND ABBREVIATIONS 

. .  . .  

2.1 DEFINITIONS\ 

Many o f  the   fol lowing  terms  have  several   meanings;   however ,  

only  the  definit ion  pertinent  to  this  report  is given. 

Absolutc  File - - All   the  data   processed  for  a part icular   day  res iding 

on one o r   m o r e  EDR tapes.  

Absolute Fi lc  - Number - A number  assign(2d to each  absolute  f i le 

(consis ts  of Cata fo r   an   en t i r e   day )  of experiment  data  processed  by 

PIODRP.  Ezch ' f i le   p rocessed  is assignee! an  absolute  file  number  one 

larger   than  , the .previous  f i le ;   therefore ,   each  f i le  is uniquely  identified. 

Album - One  complete  sampling of the  GSl?C/CRT  experiment  data. . 

An album ccns i s t s  of th.e following: 

1 

c 

1 Album = 4 pages   (each   page   represe i t s  a unique  priority  sequence) 

,I 1 Page = 2 Snapshots  (each  snapshot  represents 1 / 8  sample 
of RATE§ information) 

1 Snapshot = 32 F r a m e s   ( F o r m a t   A ) / 6 4   F r a m e s   ( F o r m a t  B )  

Catalog  Pointer - A disk  data   set   which  contains   the  character  ( 1 , 2 ,  3 ,  o r  4) 

indicating  which of the four Tape  Catalogs is the  most  recent  (see  Section  5.6).  

CATALOG Tape -. Tape(s)  containing.al1  the  t ime-ordered  logistics,  

command  and  attitude  information  related  to  the  Pioneer  mission ( s e e  

Section 5.4). 

. .  

2 - 1  



Evcnts per second (RATXS)  Tape  - Tape(s) containing all thc  t ime-ordered 

events per second  iniormation f r o m  the GSFC/CRT experinlent  (see 

Pulse Height  iinalysis ( P H A )  Ta.pe - Tape(s) containing all the  t ime-ordcrcd 

pulse  height  axalysis  information f r o m  the G S F C / C R T  experiment  

(see  Sect ion  5 .2) .  

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

r e fe renced   f rom day  0 of launch  year ,  1972 (LModifed Julian  Day  41316). 

Tape Catalog - A disk  data  s e t  which  contains  pointe.rs  to all the  tapes  

. used by the D.  R .  S. along  with  certain  control  information  (see  Section 5 . 5 ) .  

. .  

- 2-2 



2 . 2  ABBREVIATIONS 

D. R.  S nata Rcduction  System 
. .  

DSS Deep Space  Station 

EDR Experimenter   Data   Record 

GMT  Gree.nwich  Mean . .  Time  (UT) 

. GSFC/CRT , \ Goddard  Space  Flight  Center/Cosmic  Ray 
Telescope 

1 

HET . High Energy  Telescope 

LET LOW Energy  Telescope 

LSB 

MF Main   F rame  

- . -  . - _  Least SignificalLt Bit 

M. S Millisecorids 

MSB 

PHA 

RTLT 

SCID 

TLM .: 

UT 

Most Significan: Bit  

P u l s e  Height  Analysis 

Round Trip   L ight   T ime 
-. 

SubcommutatDr  Ideztification 

Te leme t ry  

Universal   Time (GMT) 

. .  

. .  

. .  

2 -3 
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Section 3 

OBJECTIVES AND REQUIREMENTS 

- 

3.1 OBJECTIVES 
. -  ~~ .~ 

a. The  major   ob jec t ivc  of t h i s   sys t em is t o  process   t he   P ionee r  

EIIR  tapes   received  f rom  Ames  Research  Center   in   Moffct t  

Field,   Cal i fornia   and  generate ' tapes   containir ig   the  GSFC  /CRT 

experirnent  data ar,d re la ted   spzcecraf t   in format ion   in  a 

readi ly   accessible   format   for   s : lbsequent .   analysis   programs.  

b. TLe function of the Tape Catalo;;  and  CATALOG  tapes is to 

render   the   sys tem  se l f - sus ta in ing  and  thus  reduce  the  amouli ' ;  

of manual   intervent ion  required for n o r m a l  data process ing .  

3 . 2 .  OJ'ERATIONAL REQUIREMEN?-S 

. .- The following  data sets a re   needed  as  ir,pUt to  PXODRP: 
. I  . E . - :  

a. - E q ~ e r i m e n t   D a t a   R e c o r d  ( E D R )  Lapels) . . .  ~. 

. i - .  . .  

-b. .01c1 CA'TALOG ta'pkt s ) 
. .  

/ 

c .  Old Fulse Height  Analysis  (PFFA)'tape(s) 

d .  Old Events   per   second  (RATES)  tapeis)  

e. Tape  Catalog  indicated by the  Catalog  Pointer  

f . Parameter   cards   ind ica t ing   which  EDR t a p e ( s )   a r e   t o  

. be   p rocessed .  

The following da ta   s e t s   and   r epor t s   a r e   gene ra t ed  by PIODRP: 

a; New Pulse  Height   Analysis  (PHA) tape ( s )  

- b. New  Events per  second  (RATES)  tape(s)  

c. Updated  CATALOG  tape(s) : 
- - - -  

. .  

3-1  
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d. Updated  Tape  Catalog and  Catalog  Pointer 

e. Daily Data Quality  Summary R c p o r t  

.f. Appropr i a t e   e r ro r   l ncs sages  

s. Current   S ta tus  of D. R.  S. Repor t  

-. ~~ 

3 . 3 .  FUNCTIONAL  REQUIREMENTS 

The following  functions  are  performed  by  the  Pioneer GSFCICR'r 

D. R .  S. 

a. Read  and  Unpack  the EDR t ,Ipes 

b. Save  pertinent  information .:'ram EDR file 1 ( logis t ics) ,  

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

C .  Check  t ime  continuity of d a m  reco rds  in EDR  file 4 

. .  

- d. 

e. 

f .  

(experiment   data)  

Eqtablish  experiment  synchronization * 

Decompress   the  logari thmic  compressed,   RATES  data  

Prpcess   the  PHA  and 'RATES  data   into a condensed 

and  accessible   format   for   the PHA and  RATES  tapes. 

I .  

- f. , 

' *  

_ L  

g* Merge  new  data  with  data  previously  processed 

h. Create   automatic   backups  for  all tapes  used  by  the E. 3. S. : 

i. Produce  data   qual i ty   summary  re-ports  

j . .  Provide   an   easy   re - run   capabi l i ty  

k. Dynamically  assign all PFiA and  RATES  tapes 

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

data  and  provide  the  capability  for  selective  retrieval 

of the  data.  . .  

3 -2 



Section 4 

The Pioneer   Data   Riduct ion  Program  (PIODRP) is used  to   process  

the  Pioneer   GSFC/CRT EDR tapes  and  generate   t ime-ordered PHA, 

RATES  and  CATALOG  tapes.  Before  this  Frogram  can  be  submitted  for 

the first run,  disk  space  must  be  allocated  for  the  Tape  Catalogs  and 

Catalog  Pointer  and  they  must  be  init ialized,  Once  this is accomplished,  

PIODRP is su5mitted  for  normal  production  runs. 

A produ,:tion run  begins  with  PIODRP  reading  in  frorr,  ca.rd  the 

t ime  l imi t s   ( s l . a r t . and  s top clays) ~ v e r  which  data is to   bc   p rocessed  

for   the  current   run.   The  la tcs t  Tape Catalog,  inriica.ted  by  the  Catalog 

Poin ter ,  is then  accessed  and  the  information  necessary  for   processing 
. .  

to  continue is verified  and  retained,  The  CATALOG  Tape  associated . 

with  the  latest  Tape  Catalog is then  mounted  and  any  information  for 

the  t ime  span  being  processed is retained,  so  that  new  information  may 

be added  when  necessary.  
i 

Once  the  set-up  procedures   are   performed,   PIODRP  reads  in  

f rom  card   the  EDR tape  label  and  processing  options  to  be  used  when 

processihg  the  specified  tape.   The  EDR  tape-is  then  mounted  and  the 

identification  record,  contained in file  one, is unpacked  and  verified. . 

If the  tape  contains'  data  outside  the  processing  time  limits  or  data 

that is not i n  t ime  sequence  with  data  previously  processed  in  the 

cur ren t   run ,  the tape is rejected: PIODRP then   a t t empt s   t o read  

another   data  card containing  the  label of the  next.EDR  tape to  b e  
, .  

* .  
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processed.  Ir" one is not  available, PIODRP genera tes   the   Curren t   S ta tus  

of D. R.S.  Report ,   updates  the  Tape  Catalog  to  reflect   the  data  processed. 

and   te rmina tes   the  job. 
-. ~ ~ 

When  the EDR tape i s  accepted  for  processing, P I O D R P  maintains  

the  per t inent   information  f rom  f i le   one  for   the  Fi le /Logis t ics   catalog.  Tne 

data  contained in f i l es  hvo and  three of the EDR tape is then  processed ar,d 

appropr ia te   en1 . r ies   a re ,made   in   the   Command 2nd  Atti tude  catalogs,   respec- 

tively.  Next,  {.he  experiment d a t a  contained  in  file  four of the EDR tape Is 

processed  and  the PHA and  RATES  information is added  to  the  appr0priaf.e 

tape  data  set .  1 
When precessing the  experiment  data  contained in f i le   four  of the 

. EDR  tape,   sevcral .qual i ty   and  val idi ty   checks  are   performed on each  datis. 

re -cord .   These   checks   a ie   per formed  in   o rder  of priority  and  whenever 

a dz ta   record   f s i l s  a particular  check,i t  is d;scarded.  Statist ics a r e  

maintained fo r  ;ill gats records   d i scarded  and this  inforI-natiorL is printed 

in  the  Daily Dasa Qua1,ity Surnrnary ~ e p o r l :  a f te r   the  processing fo r  211 crit . r e .  

EDR  tape is cornpleied.  The first check  to be performed  val idates   the 

time assigned  to  t&k data   record  and  assures   cont inui ty   with  the  t imes 

assigned to  the preceding   records .   Appropr ia te   checks   a re   then   made  

$0 determine  whether   the  experiment   power is "on" or "offr1.  Next, a 

.. 

I 

-. 

bheck 'is made  to  determine  whether   . the   data   record  contains  any good 

data   or   consis ts   ent i re ly  of padded  data.  Fir,ally,  experiment  syn- 

ch ron iza t i a   i s   de t e rmined   fo r   a l l  good r eco rds   ( r eco rds   w i th   co r rec t  

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

After a data   record  has   successful ly   passed  the  preceding  checks,  

the  experiment  data,   consisting of the Pulse  Height  Analysis (PHA) 

data   and  the  Events   per   second (RATES) data ,  is formatted  and  added 

to  the  appropriate   tape  data   sets   in  a t ime-ordered  fashion. PIODRP 

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

' 4-2 



validating  the  data  and  producing  the  appropriate  output  records.  After 

the l as t   da ta   record ' for  a par t icu lar  day has   been  processed,   the   Dai ly  

Data  Quality  Summary  Report  is printed.  PIODRP then de termines   whether  

there   i s   another  EDK tape  to  process  and i f  so, repea ts   the   above   process  

of validating the date assigned  to  the data, generat ing  the  appropriate  

catalog  entries,   and  processing. the experiment   data .  If no m o r e  EDR 

tapes are  to be   processed ,   the   Curren t   S ta tus  of D .R .S .  Report  is 

printed,  the  Tape  Cata1og;'are  updated  to  reflect  the  data  processed 

and the   job-is   terminated.  

- .  



Section 5 
1 .  

INPUT AND OUTPUT E'OR~MRTS 

Section 5 descr ibes   the   format  of the  tapes  and ca rds   r equ i r ed  

by the main  data   reduct ion  program PIODRP. 
- 

5.1 GSFC/CRT EDR Tapes  

5.1.1 Des cription 

The GSFC/CRT EDR tapes   a re   9 - t rack  800 B. P.I. tapes  which  contain 

the   P ioneer  GSFC/CRT experiment  data  and  related  spacecraft   information. 

Each  tape  corltains  four  files,  separated  by  end-of-file  indicators  and a 

double  end-of-file  indicator  signifying  tap(:  end.  Files  one  through fou:: 

contain  the  logistics,  command,  attitude  and  experiment  data.,.  respectj'qrely. 

Each  tape  contains  data for  an  ent i re   day  ( t ime 0 to t ime 2400) based 0 1 1  

ground  receipt  t ime,  that   is ,   the  t ime  the  data  was  received  at  a par t icu lar  

t racking   s ta t im.  

5.1.2 ' Logistics  Data 

The Lcg:istics  Data is  contained  in f i le  one of the EDR'tape  and  c(:nsists 

of one physical  record  containing the follo-s4ng infor.mation  represented  in 

EBCDIC. 

' . Itern 
_I 

1 

2 

'I 3 

4 

5 

6 .  

7 

8 

9 

. 10 

. .  
.- -- . . . .. _.. .. 
Contents 

Piol?eer F EDR 

Number of adquisitions 

Narrie of experimenter  and  organization 

Spacecraft  identification 

Date of EDR generation 

Date of EDR regeneration - 

Year  and  day of year  

Deep  Space  Stations (DSS) 

Telemet ry   b i t   ra tes  - 

Telemet ry - fo rma t s  

-c 

5 -1 



-- I te t n  Contents . 
I 

11 Ope rating modes 

12 S t a r t  time of data-for  day (GMT)  (HR. MIX, ) 

13  Stop t ime of data for  day (GMT) (HR, MIN. } 

14 Tape  Sequence. Number 

5.1.3 Command  ,Data 
.\ 

The  Command  Data is  contained  in  file  two of the EDR. tape  anti 

cons is t s  of one o r   m o r e  310 -Nor2 physical  records  containing  the  fs:.!ovhg 

infortnaticia  represented  in EBCDIC (average 01 55 com.rn..ancis are e>?ectcd 

€or each day).  

Item 1_1_ Contents .-- 

(V-vex- 

- 5  .Second  Command  Mnernonic  .with  flag 
q .  .* 

6-109 Rkpeat of 2-3  for   commands 3-54 (I tems 1 -109  repeatecl 
for   addi t ional   records)  _. ._ 

56.1.4 Attitude Data. 
I 

The Attitude  Data  is  contained  in file th ree  of the EDR ' tape  and 

cons is t s  of one  physical  record  containing  the  following  information  in 

binary  representat ion  (data   coverage  provided for current   day  and  previous 

30 days) .  
I 

. -  .. . _  - . .  
~. . .. 

. .  



Item 

1 

2 

3 

4 

5-120 

121 

122  

123 

124 

5: 1. 5 

.. . 

. .  

4 
. .  

Contcnts 
-I-.- 

Gh4T t ime  of day and f lag  (00-special  refinement (t 0. 1 ) 
0 I -high gain antenna (4- 0. 3') I 1 0-low  gain  antenna-k 1 e 0 ), 
3. I -dynamic position (F3.0 ' ) )  - 

6 
b 

Celestial   lat i tudc 

Celest ia l  I.ongitude 

Celest ia l   la t i tude  dr i f t   /day 

Repeat i tcms 1-4 to  completc  coverage  for  previous 30 days 
.'. 

GMT fo r   cu r ren t  day  and flag 

Celest ia l   la t i tude  for   current   day 

Celestial  longitude  for  curre.:t day  

Celestial   ' lat i tude  drift /cur  rent  day 

Experiment  Dat.a . , 

. - - . . . . 

_ .  The  Ex-,eerj.nlcnt Data  is  contained i n  file four of the EDF. tape anc; 
, ,  

consis ts  of one o r  more   phys ica l   records   conta inhg   the   spacecraf t   and  

experiment  information  in  binary  represer  tai lon.   Each  physical   record 

consists of 21  fiked  words of header  information  followed  by thk experiment  

data ' in  one of two formats  (A o r  B). 

i .  

5 . 1 . 5 . 1  

- Word 
. ,: 

1 

2 

-3 

4 

5 

6 

7 

-. :* 

Fixed Words  in Header  
_ A  

Contents 
\ 

T i m e  of day  in IvlS f o r   f i r s t  non  filler  data  word 

D.ay of year  
. .  

Time  correct ion  f lag  (0-no  correct ion,   I l l -suspect   t ime or 
cor rec t ed . t ime)  

Spare.  

Signal  to  noise  ratio 

Deep  space  station  which  was  ' i racking 

Bit   rate at which data  record  was  taken , 



Word 

8 

9 

i o  

Mode (000-rca.1 time, 001-telemetry store,  100-memory 
read-out )   and   Format  (000-A, 001-B) 

RTLT  in   total   mil l iseconds 

Extended  SCID  counter 

11 Spa re  

12  Four Flags  ( to  be defined by A . R .  C . )  

' 1 3  Roll   a t t i tude  t imer  

14 Spin  Per iod 

. 15 ' .Roll   Pulse/Roll   Index  Phast . :   Error 

16  CMT  in LVS of C -1 1 2  

17   Spare  

18 DC Bus  Voltage  (C-107) 

: 19 DF;'Bus  Current  (C-129) 

20 Spacecraf t   Platform  Temperature   (C-320)  
.. 

21 GMT of C-108 

5.1.5.2 Exper imen t   Da ta   fo r   Fo rma t  A 
1 /, 2 

. . .  

- '  "Th; GSFC/CRT  'experiment  data i s  assigned  twelve (9, 10, 11, 12, 14, 
15, 16, 17, .41, 42, 43, 44) M F  data words (3 ' 5 i t s   each )   fo r   Fo rma t  A and 

these appear   on the EDR  tape  along  with the subcom information  (E-1,   24-E-1, 

30 inclusive)  as follows: 

.. 

Word.   Contents  -- 
22 GMT of SCID 0 

.O(MSR) . 31 (IJSB) 
23 . 1 ooooxxx.xxxxxxxxx/ooooxxxsxxxxxxxx j 

-4cI/v-.?z -v+* 
9 10 11 12 14 15 16 17  

O(MSB) 31 (LSB) 
24 ~oooooooor3ooooooo~xxxxxxxxxxxxoooo 1 - r- v I 

4 1  42 -43 44 
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.. 

. 

I V O  sd 

2 5 - 9 0  

- 
91 

92 

9 3  

94-11 1 

112-213 

214-405 

O(MSB) 31 (LSB) 
~000000000oxxxxxx ---I--.--- 'xxxx>~xxxxx'xxoooo~ 

--=------4-- 
S / F E F  41 42  4 3  44 

Repeat  Words 91-93 for  SCID 24-29 
(contains S /CE- l ,  25 - S/CE-l ,   30  respect ively)  

Repeat  Words 22-24  fo r  SCIII 30-63 

Repeat  Words  22-213 f o r  SClD 64-127 

1174-1301  Fil ler .. a l l  bits on 
+.. 

5 , l .  5.3 Experiment  Data  fo r   Fo rma t  B 

The CSFC/CRT exper iment  data i s  ass igned four . (14,   15,  16,' 17; 
- ,  

M F  data word (3 bits each) f o r   F o r m a t  B and  these  appear  on  the  EDR  :ape 
along with  the  subcorn  information  (E-1,24-E-l ,   30  inclusive) ' 8  as follows: 

. _  . .- 

Word 

22 

- 

23 

24-67 

68 

69 

Contents _ *  

GMT of SCID 0 

0 (MSB) 31 (LSB) 
~oooooooooooooooo~oooosxxxxxxxxxxx j * -.-4 v --"---. 

14 -15 16 17 

Repeat  Words  22-23 fo r  SCID  1-22 

GMT of SCID 2 3  

O(MSB) 31 (LSB) 

S / C E - l , 2 4  . 14  15 16 17 

[ooooooooooxxxxxx[ooooxxxxxxxxxxxx[ -- ---4 * w 
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Word 

70-81 

82-149 

150-271  

Repeat  Words  22-23  for  SCID  30-63 

Repeat  Words  2-2-14? for  SCID 64-127 

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

-_ 
5.2 PHA T iip e s -. . . _ _  

5.2. 1 Description 

The FHA t a p e s   a r e  9-track 1.600 B. P. I. tapes which  contain t h e  

t ime-ordered   P ioneer  GSFC/CRT Pulse Height  Analysis (PIIR) data,  

corresponding e v e n t s  per   second (RATES) data and  related  spacecraft  

information,   Each  logical   record  contaiss   selected  spacecraf t :   informa- 

tion and all the PHA data and associated jZATES d a t a  for  an album (or. 12 

complete   esper iment  cycle) .  FJach PI-XA e v c n t  for  the HET and LET requires 

3 halfwords  f48'bits)   and  consists of the .?vent type bits, three  12-bi t  PHA 

readouts,   the  sector  identification bits a x 1  the  priority  identification  bits .  

..-L----- 

' -These   b i t s   a re"organized  in the 3 Eia,liworcls for  the HET and LET events 

as follows : 

HET -HalfvJor d 1 

Halfword 2 

Kalfword 3 

where :  TT = 

. .  

, 

0 1 AZBCIII 
_I_ 

10 (A2K1SA1CI)BCIII 

1 1 A BKZCIII 
- 

0 CII threshold not exceeded 

1 '  CII threshald is exceeded 



. sss = 

PP = . .  

LET-Halfword 1 

Halfword 2 

Halfword 3 

, .  

. .  . . .  

- .  

0-7 Sec to r s  1-8 respect ively 

0 - 3  P r i o r i t i e s  1-4 respect ively 

0 (MS 33) 15 (LSB) . 
[OOOTrZ~ZAAAAAhAAAA 1 
IOOOOBBBRRB ERBRBBI 

where :  T = 0 DI  DII 'ji' \ 

= 1  DI DII C D F 
SSS = 0-7 Sectors   1-8  respect ively 

P = 0-1  Pr ior i t ies   1-2  respect ively 

5.2.2 - Logica l   Record   Format  

Word 

1 
. -  

2 

3 

6 

7 

8 

9 

10 

Contcnts 

T ime  of day (1MS) of f i r s t  HKT PHA event  
2 .  ' 

Halfword 1 - 
Hajfword . 5 .  i 2 - 
Haifword 1 - 
Halfword 2 - 
Ha!fword 1 - 
Halfword 2 - 
Halfword 1 - 
Halfword 2 - 
Ha1.fword 1 - 
Halfword 2 - 

: I  t 

,+ i 

I 

Day  of data '3MJD)  
Nutnber of 1: IZT PI-IA eveats  

Number of f rames  between  f i rs t   HET  event  
and   f i r s t  LET event 
Number of LET PHA events 

'I , .  
/ 

Time  correct ion-f lag  (0-no  correct ion,  
11 1 - suspec t   t imc O F  co r rec t ed   t ime)  
DSS identification 

E i t   r a t e  
F o r m a t  (0-A, 1-E) 

Two flags  (see  Section 5 .4  word 12)  
Two f lags  (see Section 5 . 4  word '12) 

Extended  SCID  counter 

Rol l   a t t i tude  t imer  

Spin  period 

Roll   pulse/Roll   index  phase error  
. .  

.- . ,..> . .  . .? 
, .  



11  Roll at;l;it;ude t ime (MS of C -1 12) 

1 2  DC Bus  Voltage 

13 DC Bus Cur ren t  

i4 Spacecraf t   P la t form  Tempera ture  

15  Signal  to  noise  ratio 

16-17  Spares . 

18-N N = 45 ( F o r m a t  A) /73  (F'ormat B) -4 (Format   A) /8   (E 'ormat  B) 

\ 

se t s  of the  following  information: 

El  -24  Bilevel 

E l -25   E lec t .   Temp.  

E l  -26 Housekeeping , 

El -27 Ca1ibratio;l  Voltage 
- .  - El -28 Detec tor   Tcmpera ture  

: EX-29 Sec.  Voltage 

E l - 3 0  * Sequence  Identification 

N t 1 - N f 8  

N t 9 - N t l 2  

N+13-N+16 

Nt17-Nf20 

Nt21  -Nf24  

Nt25-N+28 

-Nt29-NN 

HET  Rate  (A K ' t - A , C I ) B m I  (8 readouts) 

HET  Rate  AlA2BCIII (4 readouts)  
2 1, 1 

HET Rate  AIBKZCIII 
I_ 

(4 readouts)  

HET  Rate  A2BCIII (4 readouts)  

LET  Rate   DIDIIF  (4 readouts)  

LET  Rate  DIDIIL D F  (4 readouts) 

NN= 237 ( F o r m a t  A ) / 1 6 9  ( F o r m a t  3) - 
Array of halfv.pords containing EIET PI-IA data 
followed by LET PHA data  dimensioned (3 x 128) 
(a negative  f irst   halfword  for  an  event  indicates 
the  number of da ta   f rames   miss ing   before   the  
next good event.)  . .  



5 .  3 RATES T a p s  

5.3. 1 Dcs cr ipt ion 

The RATES t s p c s  a r c  7-tra-ck 800  33. P.I. tapes which contain t h r :  

t ime-ordered   P ioneer  GSF;.C/CRT Events per  second (RATES) data a n d  

related  spac::craft  infcrrnation. Each 'J.og:.ca: record  conta.ins selected 

spacccraf t   information  and all the RATES data f i r  an album (one comp'.ete) 

experiment cycle) .  A uegative one ( - I )  for a pa r t i cu la r  rate i.rAdicates 

- padded data.  

5 . 3 . 2  Logical   Record Format 

Word Contents 
L- I_*~___y- 

2 

. -  

3 

4 

5 

6 

7 

I-Ialfword 1 - Bit i*ate 
HalFword 2 - Format (0-A, 1-B) 

Extended SCJD counter 

Rol l   a t t i tude  t imer  

8 Spin  period 

9 Roll pulse/Roll  index phase erzor 

10 Roll a t t i tude  t ime (MS oE C - l i 2 )  ' 

5 -9 



. .  

w o r d  . -  Contents 

12 DC Bus Voltagc 

12 DC Bus Cur ren t  

13 ' Spacec ra f t   P l a t fo rm  Tempera tu re  

a 14 Sigaal  to no i se   r a t io  

15-16  Spares  
\ 

17-N N=44 ( F o r m a t  A ) / 7 2  (F0rmz.t B) -4 ( F o r m a t  A ) / 8  (Form::t R)  
sets of the following  infor rnz-tion: 

P El -24   Bi leve l  

El -25   Elec t .  Temp. 

El-26  Housekeeping 

El-27  Cal ibrat ion  Voltage 

E l r 2 8   D e t e c t o r   T e m p z r a t u r e  

E1429 S e c .  Voltage 
. -  

El-30  Sequence  IdcntLfication 

Sectored rate S lA(1  of 2 ) -A1~2BCICI I I  
- 

N t l - N t 8  

Nt9 -Nt16  

N t 1 7  

Sectored  ra te   S2A( 1 of 1) -SI SI1 SII, SI11 
--- 

5 

Unsectored   ra te   R1(  1 of 8)-(A2K1SA1CI)BCJII 
-- 

' I  N t 1 8  

N t 1 9  

N t 2 0  

Unsectored  rate  RZA(1 of 4)-AlA2BCIII 

Unsectorecl  rate  R3A(1 of 4) -A2BCIII 

Unsectorecl  rate  R4A(1 of 4)-A2BK2CI-  CII - \  
Nt23 Unsectorecl   ra te   RjA(1 of 4)-AZBKZCI CII GI11 

- 

Unsectored  rate  .R6A( 1 of 4) - A 1 x 2 B m  Nt-22 

Nt23. Unsectorecl  rate  R7A(1 of 4)-A1x2BCI  CII CIII! 
- 

Unsectored   ra te   R8R(  1 of 4) -A2BK1CI  CII 
1 -  I .. 

N t 2 4  

N t 2 5  Unsec tored   ra te   R9A(l  of 2)-B \ 

... ' 



.. 

. '  

.. 

- .. . _  - 

\Yo rd 

' N t 2 6  

N t 2 7  

N t 2 8  

N t 2 9  

N t 3 0  

N t 3 1  

Ni-32 

J 

Nt33--,Nt40 

Nt41   -N t48  

N t 4 9  

N t 5 0  

:- N t 5 1  

N t 5 2  

N t 5 3  

N t 5 4  

N t 5 5  

'' N t 5 6  

N t 5 7  

N t 5 8  

Nt.5 9 

N+60 

N t 6  1 

N t 6 2  

Ni-63 

N t 6 4  

Colztealts 

Unsectored rate RlOA(1 of 1)-DI1  Set 2 

Unsectored r a t e  F-1 l A (  1 of 4) -DI DII 

Unscc tared   ra te  RlZA(1 of 4)-DI DII El 

Unsectored  ra te  R13A(l  of 4)-UI DII E2 

Unsectored  rxte  R14AII. of 1)-DI 

Unsectored  rate  R15A(1 of 2)-SIi  SIISIIa SI11 

Unsectored  ra te  ~ 1 6 ~ ( 1  of 2)-SISII,  SIIaSIII 

\ 
-- I- 
- -- 

Sectored rate S l R ( 1  of 2 )  -A2 BK,  CIII 

Sectored ratc SZB( 1 of 1) -SI6 SI1 ,511, SI11 

Unsectored rate R l  (2  of 8 )  

Unscctored  r?. te R Z R ( 1  of 4 ) -k lBK2 CIII 

Unsectored  ra te  R3B(1 of 4)-AZBK2 

Unsectored  ra te  R4E( 1 of. 4)-A1 

Unsectored rate R5B(1 of 4)-A2BKZCI  CII  CIII 

Unsectored  ra te  R6B( 1 of 4)=-A1x2B CI'  CII 

Unsectored  ra te   R7E(1 of 4)-A2BK1 Cr 

Unsectored  rate  RSB(1 of 4)-A2BK1  CI  CII  CIII 

Unsectored  ra te   R9B(1 of 2)-CI 

- 
__. - 

- - \  
- 

__I 

_ A  

- 

Unsectored  rate  RlOB(1 of 1)-D12 

Unsectored rate R l l B ( 1  of 4)-DIDIIZ D 'E; . 

Unsectored  ra te   RlZB(1 of 4)-DI  DIIZ DE3 

- Unsectored  ra te   R13B(1 of 4)-DI  DII 2 D E4 

Unsectore? rate R14B(1 of 1)-DII 

Unsectored  rate. 'R15B( 1 of 2 ) 4 3 2  SI1 SII, SI11 
-- II 

A 

Unse .c tored   ra te   R16q 1' of 2)-SI  SIIz =,=I / 

5-11 
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I 

: .Nt65-N-k72 

N t 7 3  -Nf-SO 

N t 8 1  

Nt82-NtSS 

Nt89  

N t 9 0  

N t 9  1 -Nt93 

Nt94 

N t 9 5  

N t 9 6  

Nt97-Nt104 

' - NS105-Nt&12 
: *  . 

. Nt113 

Nt114-Nf120 
. ; .  

Nt121 

Nt122 

Nt123-Nt125 

. :  NS126 

.N+ 127 

Nt128  

Nt129-Ntl.36 

Nt137-Nt141 

Content I s 

Sectored rate S l C ( 1  of 2)-DI DII . ~ 

Sectored rate S2C(1 of l)-S17 'SII,SII,SiII 

U n s e c t o r e d   r a t e   R l ( 3  of S) 

Unsectorecl.  rates  R2A-R8A(2 of 4 )  

Unsectored  ra te   R9C(1 of 2)-CII 

Unsectored ra2e RlOC(1 of 1)-D13 

Ucscctored  ra';es  RllA.-R13A(2 of 4) 

Unsectored ra':e R14C(1 of l ) -E l  

Unsectored rai:e R15C( 1 of 2)  -SI3 SI1 SII, SIIl 

Unsectored ra te  R l b C ( 1  of 2)-SI SI1 ,511, SI11 

Sectored  rate  SlD(1. of 2)-DI DII El  ?? 

Sectored .rate  SZD(1 of 1)-S18 SII'SIia SIIS. J *  

Set  5 --_ - 

\ 

Set '6 

c -  - -. 

- I-- 
3 

I Set  7 -- --- -- 

Unsectored 

Unsectbred 

Unsectored 

Unsectored 

Unsectored 

Unsectorecl 

Unsectorecl. 

Unsectored 

r a t e  R l ( 4  of E )  

rates  R2,B-R8B(2 of 4) 

ra te   R9D(1 of 2)-CIII 

rate  Rl.QD(1 of 1)-D14 

r a t e s   R l l B - R i 3 E ( 2  of 4) 

r a t e  R14D( 1 of 1) -F 

r a t e  R15D(1 of 2)-S14 SI1 SII, SI11 

rate   R16D(l  of 2)-SI SI14 SII, SI11 

\ 
* a  

Set  8 

-- - 
- -  

Sectored   ra te   S lA(2  of 2 )  
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Word 
-_II_ 

Contents 
\ 

N t  145  Unsectorecl  rate R l ( 5  of 8) 
- 

N-l-146-Nt152  Unsectored  rates  R2A-R8A(3 of 4) .  

Nt153 

NS.154 

Unsectored rate X9A(2  of 2) 

Unsectored  ra te   RlOEjl  of 1)-D15 Set  10 

NS.155-hf157  Unsectorec? sa tes  RllAA-R13A(3 of 4) 

N?- 158 Unsectored   ra te   Rl4E(1  of 1)-SI I 

\ 

Nt159-X\i-160  Unsectorecl  rate  Jtl5A-R16A(2 of 2) 

Nt161-i\:+168  Sectored  rate S l E ( 2  of 2 )  

N+169-N+176  Sectored  rate S ~ . F ( I  of 1) -XSII~ SBa SET I S2.t 11 

N-I-177 Unsectored ra,te R l ( 6  of 8) 

N t  i 78 -P:-I-184 Unsectorecl sa te  A2B-.R8B(3 of 4) 

, -  Nt185 

N-I- 186 

Unsectorec: r a t e  R q I 3  ( 2  of 2)  

Unsectored  ra te  jXlOF(I of 1)-DI 6 
Nt187-Nt189  Unsec tored   ra tes   Rl lB-R13B(3  of 4)  '. 
N4-190 Unsectored  ra te   R14F(1 of 1)-SI1 

N4-191-Ntl.92  Unsectored  rate  R15Be-R16B(2 of 2) 

Nt193-Nf200 Sec tored   ra te   SIC(2  of 2) I S e t  13 
NS201  -Nt208  Sectored  rate  S2G  (1 of 1 ) - 3  SI17 311, SI11 1 - -  

N4-209 Unsectorecl  rate R l ( 7  of 8) 

N+210-N+216  Unsectorecl  rates  R2A-R8A(4 of 4) 

Nt217  Unsectored  ra te  R9C(2 of 2) 

I N-l-218 Unsectored  rate  RlOG(1 of 1)-D17 

NS219-Nt221  Unsectored  rates  RllA-R13A(4 of 4) 

Ni-222 . Unsectorcd  rate  R14G(1 of l)-SIII 

Nf223-Nt224  Unsectored  rates  R15C-R16C(2 of 2) i 
Set 14 
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Word 
__I- 

Nt233-Nt240 

N-kZ.1.1 

Nt242-NtZ48 

N-l-249 

N-!-250 

Nf251  -N+253 

N-tZ54 

Contents  

Sec tored   ra te   S lD(2  of 2) .- . .. - -- 

Sectored   ra te  S2H( 1 of 1)- SI SI18 SII, S1II 

Unsectored rate R l ( 8  of 8) 1. . 

-- 

~ - - .  j S e t  15 
I - -  

Unsectored  ra tes   R2S-RSB(4 of 4) i 
Unsectored  ra ie   RqD(2 of 2) 

Unsectored ra.:e RlOH(1 of 1)-D18 

Unsec to red   r a t e s   R l lB-R13B (4 of 4) 1; Set l 6  

Unsectored rac.3 R14H( 1 of l)-SIIa 

Unsectored  rakes  R15D-R16D(2 of 2) I 

.. i 
0 

. .  
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5 .4  CATALOG Tapes 

5.4.1  Descr ipt ion 

. .  

The  CATALOG  tapes a re  7- t rack  1,500 B. P. I. tapes  which  contain 

the   t ime-ordered   log is t ics ,   command anci att i tude  infcrmation  related 

to the  Pioneer   nl iss ion  in   three  separate   catalogs,   each  one  being a 

separate  CATALOG  tape  file  (data  set).  Within  each  catalog,  the  infor- 

mat ion  associated  with  an  absolute   f i le  (a l l  the  data  for a par t icu lar   day  

processed   f rom  the   same 'EDR  tape(s ) )   i s   s tored   in   sequent ia l   g roups  3f 

r eco rds  (1 01' more ) .  A unique  number i s  ass igned  to   each  absolute   f i le  

called  the  ACSOLUTE  FILE NUMBER ani? is  used  to  identify  the  catalsg 
information  associated  with  each  absolute  f i le  on  the  catalog  tape,   Fcr 

each  absolute   f i le   processed  through PIO!;lRP, there  is  one  associate2. 

f i le/ logistics  catalog  entry  ( logical  record),   and one o r   more   a s soc ia t ed  

corrlmand anci a t t i tude  catalog  entr ies  (1og':csl r eco rds )  on the CATALOG 

tape,  containi,ng the  same  Absolute  File  1;um.ber.  

There  are  four  possible  arrangemerits  in  which  the  three  separa.t .e 

catalogs  can be a r r anged  on a s   m a n y  a s  t l ree   different   CATALOG  tap2s.  

' This , is   i l lust rated  in   Tabld 5.1 below by  reading  each column f rom  top  
. I  

.. . 
to bottom. 

. .  _ .  - -  1 2 .  3 4 

CATALOG  Tape  /File  Tape  /File  Tape  /File  Tape  /File - 
I I I - 

-- 

' . '7 Fi le /Logis t ics  1/1 1/1 1/1 1/1 . 

Command 1 /2  1 / 2  2 / 1  2 /1 

Attitude 1 / 3  2 / 1  2 / 2  3 / 1  

Table  5.1 Possible   Arrangetnents  of Catalog 

Information  on  CATALOG  Tape 

1 



3 

5.4.2  Fi le   /Logis   t ics   Catalog 

The Fi le /Logis t ics   Catalog  consis ts  of one  logical   record (10 words) 

for   each  absolute   f i le   processed  through -.he De R,S. which  contains  the 

following  information: 

'Word  Contents 
. .  

1' Halfword 1 - Absolute  File  ??umber 
Halfword 2 - Date of data (F.MJD) 

2 S t a r t   t i m e  of data (MS) 

3 End  t ime of data (MS) 

4 EDR tape  sequence  number 

5 .  Halfword .1 - Date of EDR  g"3ncration  (RMJD) 

6 .  Hqlfword 1 - Date of EER process ing  by PIODRP  (RMJDJ 

( i )  Data deiet:d f r o m  PHA and RATES tapes 

Halfword 2 - Date of EDR  regeneration  (RMJD) 

.Halfword 2 - (0) Currm:t d?: a QE PHJi and R n T E S  tap"" 

._ , and replaccad with data   f rom  subseqcent  
E D R  tape. . .  

7 Halfword 1 - Total   number  o f  EDR  file 4 data   records  in  
. *  F o r m a t  A 

F o r m a t  R 
. Halfword 2 - Total number of EDR  file 4 data   records in 

8 Halfword 1 - Total   number  of EDR file 4 data   records in 

. Halfword 2 - Total   number  o f  EDR  file 4 data   records   in  

_. 
F o r m a t  A with  t ime  errors  

F o r m a t  E with t i m e  e r r o r s  

9 Halfword 1 - Total  number of da t a   r eco rds   i n   Fo rma t  A 

Halfword 2 - Tota l   ncmber  of da t a   r eco rds   i n   Fo rma t  B 
with  power off 

with  power off 

10 Spare 

5.4.3  Command  Catalog 

The Command  Catalog  cons'ists of one   o r   more   log ica l   records  (201  

.word masimum)  for   each  absolute f i le   processed  through  the D. R. S .  which 

contains  the  following  information: 



. -  

Word contents 

1 Halfword 1 - Absolute  File  Nunlber 
Halfword 2 - Date of data  ( R M J D )  

2 T i m e  of command (34s) 

3 Halfword 1 - Command coi!e 
Halfword 2 - Command flaz (0-verified,   1-not  verified,  

2 -unve rifiabl F) 
'. 

4-201  Repeat TVords 2-3  for  additional  commands . 

5.4.4  Attitude  Catalog 

The  ;bttitude  Catalog  consists of one logical   record (5 words)  f(jr 
each  absol.:ite file processed  through thc: D. R.S. which  contains the f d b w -  

ing inform ;t t ' Ion: 

Word  Contents 

1 Yalfword 1 - Absolute Filt: Xumber 

2- T i m e  of data. (MS) and f l a g  affixed  (high  order  two  bits)   (see 

3 *. Cklestial   lat i tude , I  

I-aalfword 2 - Date of data i R M J D )  
I . :  

. .  
.. 

Gection 6.1.4) 

- .  
4 Celestial  longitude 

5 Celest ia l   la t i tude  dr i f t  
.. 5 

5:5 Tape  Cztalog  (Disk) 

5.5. 1 . Description 

The  Tape  Catalog  is  a permanent   disk  data  set  which  provides 

- the D. R .  S. with  pertinent  information  about  the PHA,  RATES and 

CATALOG tapes  previously  created  and  the  blank  tapes  currently 

avai lable   to   the  system.  -This   provides   the  system  with  the  capabi l i ty  

to  locate  data  previously  processed  and  dynamically  assign  all   new 

PHA and  RATES  tapes .   The  four   la tes t   vers ions of the  Tape  Catalog 



catalog  and to provide a r e run / r ecove r   capab  

is run,   the   la tes t  ,version of the  Tape  Catalog 

i l i ty ,   Each  t ime P I O D R P  

, indicated by the  Catalog 

Poin ter  _ .  ( sec  Section 6 . 6 ) ,  i s   read  from the  disk,  updated to ref lect  the 

data  processed,  and  writ ten  onto  the  disk  replacing  the  most  outdated 

vers ion .  

5 . 5 . 2   C o n t e n t s  

The  Tape  Catalog  contains  the  following  information: 

I t e m  

1 

2 

3 

, _ -  4 

5' 

7 

8 

- 

. 5 . 6  

5 . 6 . 1  

Contents 

Array  containir;g  CATALOG  tape  labels 
dimensioned (IXJ) 

I = 1 - File/Lo;;ist ics J = 1 - P r i m a r y  

I = 2 - Comma1:d J = 2 - Ba.ckup 

I = 3 - Attitude 

Array  containing PHA tape  labels  

Array  containir,j=  RATES  tape  labels 

Array  containing  blank  tape  labels 

Arrays  containing  s tar t   and  end  t imes  for  

PHA  and  RATES  tapes 

Arrays  containing  the  amount  of space  used 

on PHA and  RATES  tapes.  

Variables  indicating-the  number of PHA, 

RATE S and  blank  tapes  currently  available  to. 

the D . R .  S. 

Variable  indicating  the  last   Absolute  File  Number 

assigned  to  datz on the  CATALOG  tape. 

. .  

I 

Catalog  Pointer  (Disk) 

Description 

The  Catalog  Pointer  is a permanent   disk  data   set   which  contains  

the  character   (1 , -2 ,  3,  o r  4 )  as  the  f i rs t   byte  of a n  80 byte   record.   This  

data  set indicates  which of the fou r  Tape  Catalogs is the   l a tes t   ( see  

Section 6 .5)  and is updated  by PIODKP each  time  the  most  outdated 

* . version of the  Tape  Catalog is replaced  with a new vers ion .  

5 - 1 8  
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5.7 Parametcr C a r d s  

5 .7 .1  De sc  siption 

! 
. .  

I 

The P a r a m e t e r   C a r d s   a r e  used to  ide1;'iify the d a t a  that  i s  to be '  

p rocessed .  The f i r s t   da t a   ca rd   con ta ins  the process ing  time l imi t s ,  

tha t  is ,  the start and s top  dates   (year   and day  o i  y e a r )  of data  to be 

processed f o r   t h e  current run.  Each sulasequent dr.ats c a r d  will be a 

NAMELXST card with the NAMfE1,XST narl?c PICIDAT specifyilzg which 

E D R  tape   to   p rocess  a!oilg with cer ta in   p rogram  var iab les   and   op t ions  

to  be used I.n processing  the  tape.  



PRINTOUTS AND REPORTS 

. .  
'Section 6 descr ibes   the  pr intouts   and  reports   generated by the 

main  data   reduct ion.program PIODRP. 

6 .1   P rocess ing   Messages  

6.1. I Description . .  

. .  . . -  

The  Process ing  Messages product:d  by the  main  data  reduction 

p rogram (PIODRP) provide a h is tory  of all the EDR t apes   p rocessed  

and t h e   e r l o r s  (a.bnornla1  conditions)  encountered.  Each page of the 

printout  corAtains  the following stsndard  header  information: 

'~ 

a. bame of the  spacecraft   and experiment  - PIONEER GSFC/(;RT 

b. T'ype of repor t  - Processing  h4essages 

c. Elate of run - V Y  MMDD 

d .  €'age number - XX 

. .  

a. 

b. 

C .  

d.  

.: e . 
f .  

g* 

6 . 1 . 2  

I 

Time the   message  was' generated - HHIMMSS 

*Name  of the  routine  generating  the  message 
: ,  . 

Label of the  EDR  tape  being  pzocessed 

Tape  sequence  number f3r  cu r ren t   run  

Number of fi le  being  processed  from EDR tape 

_ *  

Number of record  being  processed 

Vlessage  content 

Contents 

I 

The Processing  Messages  produced by  PXODRP provide  the 

following  information: 

a. 

b. 

C .  

Indication o.f I /O  e r r o r s  and  related  status  information 

Indication of wrong  length  records 

Indications of t ime  backups in file 4 of E D 3  tape 

6-1 
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d .  Indications of inval id   kcywords  (bi t   ra te ,   format ,   e tc .  

indicators)   in   the  data  

e ,  Indications of in te rna l   p rogram  e r rors   (abnormal   condi t ions)  

f .  In3ication  that   normal  end-of-tape  was  encountered. 

6 . 2  . Daily  Data  Quality  Summary  Report 

6.2:l Descr ipt ion 

The  Daily  Data  Quality  Summary  Rcport   generated by P I O D R P  ;>rovicles 

an  indication of the  quality  and  status  of  the  Pioneer CSFC/CRT expe.riment 

data  on a d;.ily basis .   Each  page of the  printout  contains  thc  standard 

header  information(see  Section 6. 1. 1) wit.h the  type of report   indicati l lg 

Daily  Data  Quality  Summa.ry  Report. 

6 .2 .2  Contents 

The  I lsi ly  Summary  Report   provides  the  following  information  for 

each absolute  f i le  processed by PIODRP. 

. -  ~ a i  

b .- 
C .  

d. 

e .  

f .  

g *  
h. 

i. 

j.  

k. 

1. 

m. 

n. 

0 .  

A.>solute   Fi le   Number  ass igned to data  

Er iR  tape  label - source  of ilat': . 
Star t  "and end  time of da ta   coverage   for   day  

T o t a l   r e c o r d s   f o r   F o r m a t  A and F o r m a t  B ' 

Number of good r eco rds  

Nlimber of records  containing  redundancies 

Number  of records  completely  padded 

Number  of records  re jected due t o   t i m e   e r r o r s  

Number  of records  when  experiment  

Number of records  when  experiment  
power  mode  (no PHA data)  

Number  of records  when  experiment  
could  not  be  determined 

Number  of records  when  experiment  
Sector  Sync  not  inhibited 

Percentage  of r eco rds   ( i t em 1) when 
readouts  did  not  agree 

power  was  off 

was  operating  in  low 

synchronization 

was  operating  with 

redundant  RATES 
I 

Number  of HET  and LET PHA  events  of a par t icu lar  
type  and  priority  mode 

Number  of padded f r a m e s  
. -  

6 -2 



I ti. 3 Current   Status  of D. R .  S. Report  

6 . 3 .  1 Description 

Th i s   r epor t  is  printed  at  the  end of each  production  run of 

P I O D R P  to  provide  the  current  status of a l l   tapes   avai lable  to  the 

D. R. S. The purpose of t h i s   r epor t  is tQ a s s i s t  the  data  technician 

in the  processing of subsequent E D R  tapes.   Each  page of the 

pr in tout   conkins  the standard  header  information ( see  Section 6 .  1. 1) 

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

6'3.2 Contents 
1 

This  report   provides  the  following  ir iormation  at   the  end of each  

production rc.a of PIODRP. 

a .   Tota l   number  of P H A  and  RATES  tapes   current ly   in   system 

6. Total   number  of blank  tapes   current ly   avai lable   to   system 

c .  Listing of all PHA and  RATES  tapes  giving  ,start  and  end 

timcs and  amount of tape  (feet)   used  on  each 

d. List of all blank  tapes  currently  zvailable  to  systein 

e. Lis t  of PI-IA and RATES tapes   c rea ted   in   cur ren t   run  

f .  . List o:f p H A  and  RATES  tapes  copied  in  current  run 

.. - 

which.may  later  be  entered  into  thc  blank  tape  queue 
, ,  - 
, ! t  

g. Last   Absolute   Fi le   Number  ass igned to data  on the 

CATALOG tape 
...- 

h. Curren t   va lue  of the  Catalog  Poixter ( 1 , 2 , 3  o r  4) indicating 

which  Tape  Catalog is  the- la tes t  



t .  

SUPPLEMENTARY PRCIGRAMS . .  

Section 7 defines  the  purpose of the  supplemental   programs 

belonging  to ' the.Pioneer GSFC /CRT Data  Reduction  System.  These 

p r o g r a m s   a r e  not par t  of PI.ODRP. 

7.1 Catal-og  Maintenance  Program  (CATMNT) 

7 .1 .1   Purpose  of CATMIU'T 

The  Catalog  Maintenance  Program  (ZATMNT)  perforims  three 

bas i c   func t iox .  The first is to  initialize  the  Catalog  Pointer  data  set 

and /o r  the f0u . r  Tape Catalog  data  sets.  TVhen initializing  the Tape 

Catalogs,  it creates   tape  catalog  entr ies   containing  the  blank  tape  l is t ,  

catalog  tape  labels   and  program  var iables   to   be  used.  by the  main  data  
. .  

reduction  prcgram  (PLODRP). The secontl function of CATLMNT is to  

add blank tape labels to  the Tape  Catalog  and  the t h j r d  function is t o  

de le te   cer ta in   en t r ies  f r o m  the  Tape CS-talog or  modify  the  Catalog 

'Pointe I. . 

. .  

- .  
. .  

7.2 - . EDR Tape   Lis t   Program  (EDRLST)  

'7 .2 .  1 Purpose  of EDRLST _ -  
The  purpose of the  EDR  Tape  List   Program {EDRLST) is to 

provide a forrnaeted  listing of all pertinent  information  contained on a ~ 

par t icu lar   P ioneer  G§FC/CRT E D R  tape.  The  data  will  be  listed by 

record  number  or  t ime  period.  In  addition,  the  t ime  associated  with 

each  data  record  on  the  tape  will  be checked  for time backups  and 

var ious  quality. checks  will be performed  on  the  experiment  data 

contained  in  file 4 of the  EDR  tape. 

7 . 3  P H A  Tape   L i s t   P rogram (FJULST) 

7 .3 .1   Pu rpose  of PKCILST- 

The PHA, Tape   L i s t   P rogram (PHALST) pr0vides .a   formatted 

l ist ing of the  information  contained on one o r  m0re'PH.A tapes.   The 

. .. 
~- . 



- . .  

. .  . . .  

J 

data  will be l is ted by record nunlber o r  t ime  periods  and as  many as  

twenty  separate  sets of r eco rds   may  be  l isted  from  each PHA tape  in 

the same run. The p rogram  a l so   i n su res  that no t i r e  backups exist ’ 

011 the PSU t apes  and  performs  var ious qJa1it-y checks  of  the  data.  

7.4 RATES Tape List Program  ‘RATLST)  

7 .4 .1   Pu rpose  of RATLST 

The RATES Tape   L i s t   P rogram (Rk iTLST)  provides a formatted 

l ist ing of the  information  contained  on one: o r   more   RATES  t apes .   The  

data  will.  be ::.istec? by  record  number o r  t ime  periods  and as many as 

twenty  separzte   sets  of records  may  be  l is ted  f rom  each  RATES  tape ila 

the  same  rur ; ,   The  program  also  insures   that  no t ime  back-ups exist 

on the  RATES  tapes  and  performs  variou:,   qudity  checks of the  data.  

7.5 . CATALOG  Tape List Pr0grz.m  (CATLST) 

7.5.1 . Purpose  of CATLST . 

The  purpose of the CATALOG  Tape  List   P.rogram  (CATLST) is 

to’access  the  Tape  Catalogs 2nd CATALOS  Tapes  generated by PIODRP 

and  produce  l ist ings  or-   quali ty  reports of the  data  requested.  Only  one 

Tape  Catalog  and.  the  associated CATRLO12 Tape  may  be  processed 
: J  

. in thi: s a m e  ‘run and  listings  may  be  ottained  from  any  one o r  all th ree  

of the  separate   catalogs  (Fi le   /Logis t ics ,  Corn-mand, and  Attitude). 

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

quality  check  will  be  performed  on  each  data set accessed .  i 

7.6   Tra jec tory   Tape   Lis t   Program  (TRJLST)  

7 .6 .1   Purpose  of TKJLST 

The  purpose of the  Trajectory  Tape  Lis t -   Program  (TRJLST) 

is to read, interpret ,   verify  and  produce  formatted  l ist ings of the 

information  contained  on  the  Pioneer   Trajectory  tapes .   .The  data   wil l  

be  1isted.by  t ime  period  or  record  number.  

7 -2 
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7 . 7  Backup  Tape  Gencrat ion 'Program  (DUPPRT) 
I 
I . .  

7.7.1 Purpose  of DUPPRT 

. Thc.Backup  Tape   Gcnera t ion   Program  (DUPPRT)   produces  

backup  copies of the PKA and RATES tapes crea ted  b y  PICDRP. 

Th i s   p rog ram may be run as  the second  job  step of the main   da ta  

reduct ion  program  (PIODRY) .or by itself. Various  quali ty  checks of 

the da ta   a re   per formed  for   each   tape   dupl ica ted .  

_. - 

.. . 

. .  

. .  





Pioneer   Data   Analysis   Programs 

1. Intermediate F l u  P r o g r a m  

This   program  generates  a data  tape  consisting of counts of 
event  occurrence  within  defined  areas of the  range of the 
experiment  packages  on a t ime  in te rva l   bas i s .  

2. F l u  Display  Program 

This   p rogram  c rea tes   d i sp lays  of the  d2ta  contained  on  the 
tape  generated  by  the  Intermediate Flux Program.  

This prog::am c r e a t e s  a data   base of so.:ted PHA  readings f o r  
the  entire  range of the  experiment  packages.   The  sort  is 
performec  over  a,constant time period  and is based on event 
type, PHF_ values ,   sector ,   and  pr ior i ty   mode.  

4. PHA Analys is   Program 

This prog.rarn produces  two  dimensionai  plots of the PXA d a t a   a s  
contained in the PHA summary  data  bast:.for  one  time  period GI- 

f o r   c o m b i ~ a t i o n s  of t ime  periods.  A histogram  showing  the 
distribution of actual  data  values  around an assigned  standard 
curve  is  a l so   c rea ted .  

5. PHA  Time  Per iod  Merge  Program 
.... 

This .   program  creates  a data   set  of merged  t ime  intervals  of 
summarized PHk. data .  

6, P l o t   P r o g r a m  

This p r o g r a m   c r e a t e s  two dimensional  plots of summarized PHA 
data  according  to  event  type.  

, 
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X. SCIENTIFIC ORJECTIVES --- 
The proposed  Pioneer F and G m i s s i o n   o f f e r s  a unique, opportu-  . 

nity t o  s tudy   the   ex tended   reg ions  of  t h e   i n t e r p l a n e t a r y  medium, 

The p o s s i b i l i t y  of a p p r o a c h i n g   i n t e r s t e l l a r   e l e c t r o m a g n e t i c  

condi t ions  must  be  contempla tcdand  regarded   wi th   g rea t   in te res t .  

These poin ts ,   coupled   wi th  the oppor tuni ty  to siudy the. Jovian ' 

environment,  c a l l  for a c a r e f u l l y   c o o r d i n a t e d   s e t  o f '  s t u d i e s   i n  

e a c h   s c i e n t i f i c   d i s c i p l i n e .  

' : 

Thi's instrument  i s  d e s i g n e d   t o   e x p l c h t   t o   t h e   f u l l e s t   p r a c t i c a l  

deg ree   t he   p roposed   t r a j ec to r i e s   o f   P io ree r  F and G. The s i g n i f i -  

cance af these  measurements w i l l  be grea t ly   enhanced  by concurren t  

' . measuremerts  with similar p a r t i c l e   t e l e s c o p e s   s c h e d u l e d   f o r   f l i g h t s  

OR satel l i tes '  of  the  IMP o r  similar s e r i e s   i n   n e a r - e a r t h   o r b i t s ,  

me y r z ~ . + < i p ~ ~  s c i e n t i f i c  objectives of t h i s  cxpcrimcnt are: 

1. Tc'measure  the '   f low  pat terns  of e n e r g e t i c   s o l a r   a n d   g a l a c t i c  

,. . .  

p a r t i c l e s   s e p a r a t e l y   i n   t h e   i n t e r p l a n e t a r y   f i e l d .  To i n t e r p r e t  

th i s   measurement ,   s imul taneous   de te rmina t ion  of the  energy spectrum, 

r a d i a l   g r a d i e n t ,   a n g u l a r   d i s t r i b u t i o n ,   a n d   s t r e a m i n g   p a r a m e t e r s  is 

r equ i r ed   fo r   each   nuc lea r   spec ie s   and   ove r  as wide  an  energy  range . .  

as is p r a c t i c a b l e .  

I 

2. To measure  the  energy  spectra ,  and i so topic   composi t ion  Of  

ga lac t ic   and   so la r   cosmic   rays   f rom  the  lowest p r a c t i c a l   e n e r g i e s  Up 

t o  N $00 MeV/nucleon  and  (by use of o b j e c t i v e  1) t o  unfo ld  the 

p r i m a r y   f l a r e   a n d   i n t e r s t e l l a r   s p e c t r u m .  

3. To measure  the time v a r i a t i o n s   o f   t h e   d i f f e r e n t i a l   e n e r g y  

I 
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s p e c t r a  of e k c t r o n s ,   h y d r o g e n  and I-rcliurrr nuc le i   ove r   t he  

corresponding energy intc?rvalsr  During f l a r e  evcn t s ,  t o  o b t a i n  

, .  .tima h i s t o r i d e ;  during quiet  timos, to relase grosn  tim variations 

t o  those   nea r   ea r th   t hus   deduc ing  a s p a t i a l   g r a d i e n t   f o r   g a l a c t i c  

cosmic  rays.  I 

4. To s tudy   t he   ene rgy   spec t r a ,   t ime   va r i a t ions   and   spa t i a l  

g r a d i e n t s   a s s o c i a t e d  with r e c u r r e n t  and n o n - f l a r e   a s s o c i a t e d ,   i n t e r -  

p l ane ta ry   p ro ton   and   he l iun   s t r eams  anc t o   d e f i n e   t h e   r e l a t e d   s o l a r  

or i n t e r p l a n e t a r y   a c c e l e r a t i o n   p r o c e s s e s .  

5 .  Tx3 provide  information on the  energetic p a r t i c l e   d i s t r i b u t i o n  

6UrrOunding J u p i t e r .  d 

6 .  To' t r y  t o  de te rmine   the   ex ten t  of t h e   s o l a r   c a v i t y ,   t h e  

e n e r g e t i c   p a r t i c l e  phenomena o c c u r r i n g   a t   t h i s   i n t e r f a c e   a n d   t h e  

cosmic ray density i n  n e a r b y   i n t e r s t e l l a r  space. 
i 

. .  . . .  
. .  

The s p a t i a l / t e m p o r a l   s t r u c t u r e  of s o l a r  and i n t e r p l a n e t a r y  
~ .. . 

.r . . .  
- i  

' i  
. .  

I even t s  can only  be deduced  from  continuous  monitors a t  a v a r i e t y  

'. ' of r a d i a l  and   az imutha l   loca t ions .   Co-ro ta t ing   par t ic le  streams, 

i n t e r p l a n e t a r y  plasma shocks  and, Forbus'h  de;-reases are obvious 

examples   in .addi t ion   to   cus tomary   f la re   events .   Quie t - t ime ' f l u x e s .  

m a s u r e d  on the  outward  journey  cannot be i n t e r p r e t e d   i n  terms of . , I  

a g a l a c t i c   g r a d i e n t   u n l e s s  a sound  "base- l ine"   for   the  solar   cycle-  

d e p e n d e n t , t i m e   v a r i a t i o n   o f  fluxes can be der ived  from comparable 

d e t e c t o r s  in nea r -ea r th   o rb i t s .   Fo r tuna te ly  such d e t e c t o r s  are 

scheduled for a concurren t   per iod   on  IMP H and J, and potentially' 

l 

. .  

. .  
IMP KK'. . .  

. .  . 

. .. . .  , .. 
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The s t r o n g   c o l l i m a t i o n  of s o l a r   p a r t i c l e  flow along  magnet ic  

f i e l d  lines dur ing  a l l  b u t   t h e   l a t o  phaascs of solar flare events 

is well e s t a b l i s h e d   n e a r  1 AU. 'However, a t  5 MJ the f i e l d  may be 

quiLe  tangled  due  to  the  "winding up". of  the Archimcdean spira l  

f i e l d ;  i t  would make an  average angle of - 80" w i t h   t h e   s o l a r   r a d i u s  

v e c t o r .  If t h e   f i e l d  a t  t h i s   d i s t a n c e  is. more d isordered   than  at: 

e a r t h ,   t h e   r e v e r s e   s i t u a t i o n   t o   t h a t  a t  t h e   e a r t h  may ho ld ;   angu la r  

f l a r e   p a r t i c l e   d i s t r i b u t i o n s  may a i d  i n t e r p r e t a t i o n  of complicated 

magnetic  2Leld  measurements. The need fo r   a s soc ia t ed   magne t i c  

f i e l d  meatrurements in   in te rp lane tary   shocks   and   Forbush   decreases  

i s  se l f - ev iden t .   Recen t   t heo re t i ca l  work (Gleeson, 1969; Roelof ,  

1969) h a s  shown , I  t h a t   t h e   a v e r a g e   m a g n e t i c   f i e l d   d i r e c t i o n  governs 

the flew of quiet-time i . , p a r t i c l e s ,  8 0  8 i , a ~ 1 l t a n e o u ~  particle-field 

obse rva t ions  are  requi red .  

PHENOMENA TO' BE MEASURED 

.. t. 
f 

:. . 

I n  t he  f4eI.d o f   e n e r g e t i c   p a r t i c l e s  we h a v e   t r i e d '   t o   d e s i g n  

an   i n s t rumen t   t ha t  w i l l  p rovide   the  max::mum-possfble d i a g n o s t i c  

power t o  examine  the cm,p'lex f i e l d - p a r t i c l e   i n t e r a c t i o n s   o c c u r r i n g  

i n   t h e   i n t e r p l a n e t a r y  environmen't as well as the  Jovian  magneto- I 

sphere. 

I _  
.< < 

' ;  

To accompl ish   th i s  we propose a coord ina ted  s e t  of two so l id  

gtbte  d e t e c t p r   t e l e s c o p e s   t o   s t u d y   c h a r g e d   p a r t i c l e s .  The 

teleecopes are des igna ted  ,as : 

. .  

. ,  .. ' 

. .  

~- 

- .  

. .  
.~ 

b 

I .  

. .  

.. 



I .  

I ar the high energy t e l e scope  (H.E.T.), 

b. two h o w  energy d E / d x , v s .  E te lescopes  ( L , E e T .  

I and L . E . T .  11). ' 

Charged p a r t i c l e   s p e c t r a  and   angu la r   d i s t r ibu t ions  w i l l  be I 
1 

measured  over  an extended energy i n t e r v a l .  These i n t e r v a l s  are 

br ie f ly  l i s t e d  below i n   T a b l e  1, and are shown g r a p h i c a l l y  in 

Figure 1. 

Galact ic   cosmic  ray  protons 4.5 - 800 MeV 

So la r  protons .05"- 800 MeV 

4.5 - 600 MeV/nucleoo 

. 1 , d  600 MoV/nucloon 

GalectlF-'  cosmic  ray Helium 

Salcr IfaS.;bum 

He3/He4, D / l i  

Galactic i n d  Sola r  Electrons 

. .  L i ,  Be, B ,  C ,  N ,  0, F, Ne and 
' t he i r   i vo top ic   . compos i t ion  

,I , ' 

I n t e g r a l  f lux  

. .4.5 ' . -  50 McV/nucleon 

.050- .5.0 MeV 

6 MeV/nuc- 200 MeV/nucleon 

> 800 MeV 
-- 

Energy  Ranges for   Angular   Dis t r ibu t ion   S tudies  

Hydrogen 

He 1 ium 

.05 - 120 MeV 

4.5 - 120 MeV/nucleon 

E lec t rons  .05 - 5 MeV 

. . ~. ' . .  
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GcometricnlFactors . .  
. .  .. . 

High Energy Telescope 0.220 cm2 ster.  

Low Energy ,Telescope 1 I ' 0.155 em2 - s t e r .  

Low Energy  Telescope I1 . 0,015 cm2 - ster.  . 

I 
. .  I , .  

111. DETECTOR SYSTEM 

We s h a l l  now' d i s c u s s   t h e s e '   t h r e e   t e l e s c o p e s   i n  some d e t a i l  and. 

. how the   masurements   a re   coord ina ted   to   p rovide  a comprehensive 

and  'redundant s e t  of cosmic  ray  rneasllrements. The redundanck of 

t he   s epa ra t e  sets of  measurements as w e l l  as t h e   s e l f - c a l i b r a t i o n  

are ' impor t an t ' '   f ea tu re s  of the  system we are   p ropos ing .  It i s  a 

t o t a l   n e c e s s i t y   i n  view of the  prolonged  nature  of the   P ioneer  F 

and G mis s ions   and   t he   con t rove r sy   t l t a t   cu r ren t ly   ex i a t s  over 

1 ,  

i 
I 

i 

i 

the i n t e r p r e t a t i o n  of grad ien t  and ali iaotropy rncasuremcnrs m d e  

i n  the., '0,1 .I . - 1.5 AU i n t e r v a l .  
; : 

Figure 2 i s  a p i c tu re '  of the  completed  experiment  with .I. 
' 1  

1 

! 

8 
.> 

h a n d l i n g   f i x t u r e s  and de tec to r   cove r s   a t t ached .  The LET-11 

, t e l e s c o p e   w i t h i n ' i t s   r a d i a t i o n   s h i e l ? .   i s - i n   t h e   c e n t e r   w i t h   t h e  

LET-I t e l e s c o p e   p a r t i a l l y   v i s i b l e   t h r o u g h   t h e , '   s i d e   f a c e .  The HET, i 

t e l e scope  is with in   the   package ,   d i rec t ly   above   the   o ther  two I ' i  
te lescopes,   and  looks  through  the  f ront   and  ' s ide  faces  shown i n t o   t h e  , ; L 

J 
same plane as the  LET te lescopes .  All t e l e scopes  look perpend icu la r  

4 

1 
I 

i 

sphere.  

! 



. .  

-6- 
. .  . .  

High Energy Telescope : 
. I  

, . .  

The high  energy  te lescope i s  a four   e lement   array a.nd i s  shown 

schemat ip3 l ly   i n   F igu re  3,  Two,'of  these  elcments (A and B )  a r e  

s i n g l e ,   l i t h i u m - d r i f t e d   ' s i l i c o n '   , d e t e c t o r s ,  300 nm 2 i n  a rea   and  2 . 5 ' m  

t h i c k .  The t h i r d   e l c r w n t . - i s  a s tacked  arranicmcnt  of f o u r  850 rn , 

2.5 mm t h i c k   1 i t h i u m . d r i f t e d   s i l i c o n   d e t e c t o r s  (C1 and C2), whi le  

2 

. .  

' the   four th   e lement  C3 i s  a similar detector   which  ident i f ies   event .3  /' 

os s topping  somewhere i n   t h e   t e l e s c o p  AEC1C2 or as p e n e t r a t i n g   t h e  ' 

e n t i r e   t e l e s c o p e .  For p a r t i c l e s  which come t o  rest w i t h i n   t h e  

t e l e scope  (20 ' 0  50 MeY/nucleon) three  measurements are made - 
energy IOSS (dE/dx) ,   to ta l   energy,   and  range.  The s imultaneous 

measurerlent of to ta l   energy   and   range   provides  a very  powerful 

method for r e j ec t ing   de t ec to r   backgromd,   wh ich  i s  a p a r t i c u l a r l y  

s i g n i f i c a n t  . . :, problem' in   this   energy  regime.  For p a r t i c l e s   w h i c h  

penetrate   completely  through  the stac:c of s o l i d   s t a t e   d e v i c e s ,   t h r e e  

* ' s e p a r a t e  dF/dx measurements are made. This w i l l  allow t h e   ' d i f   f e r e n t i a 1  

*_ . 
I 

,.. 
, ,  

ene rgy   spec t r a   t o ' be   ob ta ined   fo r   he l ium and hydrogen  from 50 - 80C 

MeV/nucleon.  Charge r e s o l u t i o n   f o r   p e n e t r a t i t i g   p a r t i c l e s  w i l l  be , .  

p o s s i b l e  up eo approximately 200 McVjnucleon. 

... . 
t 

I 

Figure  3 a l s o   s h m s  a s impl i f ied   log ic   d rawing   for   the  HET. 

I n   a d d i t i o n   t o   t h e   t h r e e   1 0 - b i t   a d d r e s s e s   a s s o c i a t e d   w i t h   t h e   p u l s e  

h e i g h t   a n a l y s i s   o f   a n  HET even t ,  we r e q u i r e   a d d i t i o n a l  b i t s  as 

n o t e d   t o   i d e n t i f y   t h e   p r i o r i t y  mode, i d e n t i f y   t h e   d a t a  as HET, s p e c i f y  

p U 2 ,  i d e n t i f y   t h e   s p i n   s e c t o r  in which  the  event  'occurred,  and t o  

~ ~ .- . .  . ~. 

, .  
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determine i f  the even t   pene t r a t ed  t o  C2. The p r i o r i t y  mode is, \ 

the  s t a t e  of a time shar ing   sys tem based 011 the  four  l o g i c  

condf t ions  .shown on Figure 3 which   i den t i fy   s topp ing .   pa r t i c l e s ,  

s topping   heavies  (He and  above) ,   penetrat ing heavies, and a l l  i ,  

p e n e t r a t i n g   p a r t i c l e s ,  Since t h e s e   d e t c c t u r s  w i l l  usual ly  be 

te lemetry-readbut  l i m i t e d ,   t h e   p r i o r i t y  system will s e l e c t   t h e s e  

r a r e   p a r t i c l e s   f o r   a n a l y s i s  on a time shared b a s i s ,  thus 

\. 

. .  i 

1 .  

a r t i f i c i a l l y   e n h a n c i n g   t h e   f r a c t i o n  of .3lpha  par ' t ic les   and  heavies  

i n   t h e   ' d a t a .  The many rates which are :onmutated and counted will 

allow us. t o  determine  the true r a t i o s  of t h e s e   p a r t i c l e s  in 

i n t e rp l ane ta ry   space .   Ce r t a in   r a t e s   a r e   s ec to red ,   e .g . ,   coun ted ,  i 

i n t o   e i g h t  diffe7:ent c o ~ ~ n t e r s  cor rcsponl ing  t o   e i g h t  equal. s e c t o r s  . I  

(45") of sp in ,  synchrsnizcd t o  thc eee-dun d i r e c t i o n ,  
I .  

. >  

' Low Energ). Telesco~e- (LET- I ) :  
$ 

LET-I i a  a three  element  dEjdx v8 E t e l e scope   p lus  an a n t i -  ' ,  
* . n 

0 

, '  co inc idence   de t ec to r ,  It w i l l  cover   the  energy  range frcr.1 3 t o  2 2  . .  

i 

(. 

MeV/nucleon,  and i n   t h i s   i n t e r v a l   c h a r g e   r e g 6 l u t i o n  wi.11 be   poss ib l e  

from 2 = 1 (hydrogen)   to  Z = ' 8  (oxygen),  The t e l e scope  is designed 

to'measure both   the   energy   spec t ra   and   angular   d i s t r ibu t ions   over  

3 .  

b 

I 

these i n t e r v a l s .  This t e l e s c o p e   r e p r e s e n t s  a mod i f i ca t ion   t o   t he ,  

o r i g i n a l  LET des ign  t o  t ake   i n to   accoun t   t he   e f f ec t s   o f   t he   P ionee r  I .  
? 

radioisotope power supply vs   t he   o r ig ina l .  solar array. E f f e c t i v e l y ,  

the very  low e n e r g y   p a r t i c l e   i n f o r m a t i o n  i s  now.,taken by LET-I1 

. I  



The detector  c o n f f p r a t i o n  is shown in Figure 4 .  Detec to r s  D l  

and D2 arc identical oilicon surfaca baruicr dcviccs  tach 100 

microns th i ck  and' 100 mz i n   a r e a .  They serve the   dua l   purposes  

of defining  the  geometry of t h e   d e t e c t o r   t e l e s c o p e ' a n d  also pro- 

v i d i n g  D redundant: double dE/dx rneasu'xmcnt. Detector E i s  a 

l i t h i u m   d r i f t e d   s i l i c o n   d e v i c e  2.5 mn i n   t h i c k n e s s  and 300 ma2 i n  

area. 1 . t  serves as a total   energy  measuring  e lement .  The F 

detec tor . ,   another  2.5 m t h i c k   l i t h i u n   d r i f t e d   s i l i c o n   d e v i c e ,  

s i m p l y   z c t s  as an anticoincidence.  E.aents of the  type D L D ~ E  and 

DlD2E'i; will be analyzed. The D1D2EF (?vents   correspond  to   protons 

J 
- 

between 3 ' and 5 MeV whereas the  D l D z E k  events   inc lude   the  5 t o  22 

FfeV range for pro tons   fo r   i n s t ance .  

Figcse. 4 :  also o u t l i n e s   t h e  pulse bight ana lys i s   sys t em,  

c o n d i t i c n s   a i d   t h e   a u x i l l i a r y   b i t s   r e q u i r e d .  A p r i o r i t y   s y s t e m  

similar to  HET is incorporated  to   emphasize rare events ,   and many 

d i f f e r e n t   c o u n t   r a t e s  are monitored.  Several  rates are a l s o  . 

sec to red  by e i g h t  t o  allow u s  to  r econs t ruc t  an angular   scan .  

- i  

7 .J 
t 

.I T h i s   d e t e c t o r ,   l i k e   t h e  HET, w i l l  be s e l f - c a l i b r a t i n g . . .   ' I n  

addi t ion   the   t e lescopes   have   been   des igned   such   tha t   an   over lap  i n  I/ 
t he   i nd iv idua l   ene rgy   r e sponses   o f   t he   de t ec to r s   does   ex i s t .   Th i s  

w i l l  then  allow c r o s s   c a l i b r a t i o n s  between  detectors .  

Low Energy'Telescop-e (LET-XI): 

This t e l e s c o p e   i a   d e s i g n e d   t o   s t u d y  low energy  protons  and 

1 
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e l e c t r o n s   i n  the J o v i a n   r a d i a t i o n   b e l t s   a n d   p a r t i c l e s  of  s o l a r  , , 

o r i g i n  i n  t h e   i n t e r p l a n e t a r y   r e g i o n ,  A schematic of t h i s  d e t e c t o r  

l e  sh'mn i n  Figure 5 .  
I 

I There are three   e lements :  : 

SI 5% - 50jnm1 silicon Surface Bar r i e r  2 

S 2  2.5 - 50 mm L i th rum-dr i f t ed   S i l i con  2 

2 2.5 ntrn - 200 mm Li th : ium-dr i f ted   S i l icon  s3 

The S1 t h i ckness  wa5 chosen t o  minimiz-   the   e lec t ron   response  

wi th 'ou t   ruk ing   an   unreasonable   sacr i f i :e  in the   detector   performance.  

The t i e t ec to r s  SI and S 2  are used   i nd iv idua l ly  and i n   c o i n c i d e n c e  

as t o t a l  absorp t ion   spec t rometers .  S3 o p e r a t i n g   i n   a n   a n t i c o i n c i d e n c e  

mode i n s b r e s   t h a t   o n l y   s t o p p i n g   p a r t i c l e s  are ana lyzed .   In  addition, 

S2 is mtle w i t h  a c o a x i a l   d e t e c t o r   e n c l o s i n g   t h e   c e n t e r   a c t f v a   r e g i o n  
- i  

.. ~ so as t o  prQvi.de bnt icofnc idence  t o  p a r t i c l e s  coming from t h e   s i d e s ,  

SI w i l l  r2top e l e c t r o n s   i n   t h e   r a n g e  50 - 150 KeV and   p ro tons   i n   t he  

I - range  50 K e V  - 3 MeV.', The S2 d e t e c t o r  w i l l  r e spond   t o   e l ec t rons  
: r.. 

i n  t he   ene rgy   i n t e rva l  150 KeV - 1 MeV and  the   p ro ton   in te rva l  
. -_ 

1 .  is 3 MeV - 20 MeV,and in   t hese   r anges  an unambiguous s e p a r a t i o n  of . .  
electron: ;   and  protons i s  poss ib le .   F igure  5 also l i s t s  the l a r g e  * 

number of r a t e s  and  sectored ra tes  tha t   a r e   mon i to red  for t h i s   d e t e c t o r .  

S topp ing   a lphas   i n   t he  St d e t e c t o r  w i l l  have a unique  response  from 

1 MeV' - 3 MeV/nucleon for so la r   a lpha   even t s .  

Cons iderable   p recaut ions   have   been   taken   to   min imize   the   e f fec ts  

of r a d i a t i o n  damage i n  a l l  the   te lescopes.   The  pr imary  concern Ps 

for t h e   t r a p p e d   r a d i a t i o n   b e l t s   a b o u t   J u p i t e r .  There is no r o l i n b l d  .. 

. 

http://prQvi.de
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p r e d i c t i o n  of proton fluxes and low ene rgy   e t ec t rons  (< I M ~ V )  in ' 

the  JoVinn Fagnetosphci-e,   This  experimcnt can t o l c r a t e  t h e  hi811 

ene rgy   e l ec t r ans   i n fc r r ed   f rom ' rad io   da t a j   however ,   t he   p ro ton   and  

i 
lower ene rgy   e l ec t ron   f l uxes   cou ld  be l a r g e  enough t o   s e r i o u s l y  1 

damage many solid s t a t e  d e t e c t o r s ,  The d e t e c t o r s  i n  t h i s   e x p e r i -  

ment a re ,  i n  all cases fu l ly   deple ted   devices   hav , ing   average  

e l e c t r i c   f i e l d   s t r e n g t h s   i n   t h e  range 150 v o l t s h u n   t o  200 volts/rn;l. 

A d d i t i n a l l y ,  a l l  d e t e c t o r s  direct13 exposed  .or   with minimum 

s h i e l d i n g   a r e   o r i e n t e d  i n  the   t e lescope  so t h a t  tFe rear or aluminum 

contac!: w i l l  be i r r a d i a t e d   p r i m a r i l ] - s  1 1 

! ;  

\ 

i 
I 

i 

i 
i 
! 1 . .. 
* 
I 
! 

I N S T R ~ ~ T A T I O N  1 6  

d 

I Thc cha rge   s ens i t i ve   p reampl i f i e r s ,   shap ing   ampl i f i e r s ,  the 

outpu& data  S Y B ~ ~ R I  and thc  pcr~rcr s u ~ p l i c s  a m  ccmnt ruc tad  priwarily 

of small ?r min ia tu re  components  soldered t o  "daughter"  boards  which 

are then   qo ldered   to  a "mother"  board  which  provides  the  inter-  

connect.  The l i nea r   ga t e s ,   t h re sho ld   d i sc r imina to r s ,   pu l . s e   he igh t  

a n a l y z e r e ,   i n t e g r a l   a n a l y z e r s   a n d   p r i o r i t y  - r  and  cont ro l   mat r ices  are 

cons t ruc t ed  by s o l d e r i n g   d u a l   t r a n s i s t o r s  a n d   d i o d e s   i n   d i s c r e t e ,  

min ia tu re   ce ramic ,o r   g l a s s   packages   t o   hybr id ,   t h i ck   f i lm   subs t r a t e s .  ' 
The extens ive   da ta   sys tem i s  cons t ruc t ed   p r imar i ly  of P channel ,  

enhancement mode MOSFETS us ing   bo th  medium s c a l e   i n t e g r a t i o n  (MSI) 

and   l a rge  scale i n t e g r a t i o n  (LSI) .  Much of t h e   i n t e r f a c i n g   c i r c u i t r y  

is done  with l' L i n t e g r a t e d   c i r c u i t s .   T h e r e   a r e  more  than'40,OOO 

I : r 

i 
< *  

I 

. I  

b , 

2 

, .  

.. . 

. .. 
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transistors in the da ta  system, 

T h i e  entire experiment ia ic luding the LET-I1 rad iaJ ion  sh ie ld  
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I IETRO@JCTION 

.The proposed  Pioneer F and G mission offers a unique  opportu- '  , 

n i t y   t o   s t u d y   t h e   e x t e n d e d   r e g i o n s  of t h e   i n t e r p l a n e t a r y  m e d i m ,  

Fu r the rmore   t he   poss ib i l i t y  of a p p r o a c h i n g   i n t e r s t e l l a r  e lec t ro-  

magnet ic   condi t ions  mus t  b e  contemplated and., regarded   wi th   g rea t  
. .  . . - . .- .- . - . . . . 

., i n t k r e s t ,   T h e s e   p o i n t s  , coup led   w i th   t hc   oppor tun i ty   t o   s tudy   t he  

J o v i a n   e n v i r o n m e n t ,   c a l l   f o r  a ca re fu l ly   coo rd ina ted  se t  of s t u d i e s  

f 

! 

i n   e a c h   s c i e n t i f i c   d i s c i . p l i n c .   I n   t h e   f i e i d  of e n e r g e t i c   p a r t i c l e s  

we h a v e   t r i e d ,  to  design  an  instrurnent th2 . t  w i l l  p rovide   the  maximum 

p o s s i b l e   d i a g n o s t i c  power t o  examine   the   complex   f ie id-par t ic le   in -  * -. 

t e r a c t i o n s   a c c u r r i n g   i n   t h e   i n t e r p l a n e t a i y   e n v i r o n m e n t  as  w e l l  as 

the Jovian  magnetosphere.  ? 

. ,. 
. .  

*. 

TO accompl i sh   t h i s  w e  propose a coord ina ted  set of ,  two s o l i d  

s t a t e   d e t e c t , o r   t e l e s c o p e s   t o   s t u d y   c h a r g c d   p a r t i c l e s .  The te,le- 

scopes a r e  des igna ted  as:  

.. . . 
. I  

. .  . 
. .  a .  . .  

_ _  
I a .  the  high  energy  te lescope {H.E.T.), 

b .  two  low energy dE/dx  vs.  E. t e l e scopes  (L.E.T. * 

I and L.E.T. 11) 

Charged p a r t i c l e  spectra a n d   a n g u l a r   d i s t r i b u t i o n s  w i l l  be 

.-. 

measured over an   ex tended   ene rgy   i n t e rva l .   These ' i n t e rva l s  a r e  

b r i e f l y  listed belcw, and are  shown g r a p h i c a l l y   i n   F i g u r e  1-1. 

. * ' .  .. . * 

. .  

. .  ' .  
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P a r t i c l c  Con \pnncn t  Energy R z n G  , .  , ,. . 
. r  

I 

Galac t ic   cosmic   ray   p ro tons  4.5 - 800 MeV 

S o l a r  protons .05 - 800 McV 

; . I , .  
! . .  

- .  i :. .+ 
* ,'I _ I  . . 

! 
Galac t ic   cosmic   ray  Hel ium 

S o l a r  Hcliutr 

He3/He4, D/E 

I 

1.0 .. 600 MeV/nuclc@n 

4.5 - 50 MeV/nucleon 
.. . -  . 

Galac t i c   an&  So la r   E lec t rons  .OS0  .. 5.0 MeV 
. .  

Li, Be, B, C, N, 0, F, Ne and 
t h e i r   i s o t o p i c  compos i t  ion 6 HeV/nuc - 200,MeV/nucleon .. - , - - .  . I  <. 

I Eie rgy  Ranges f o r  Angu la r   D i s t r ibu t ion   S tud ie s  . _ .  . 

' Hydrogen .05 - 120 ~ c V  
. .  

- . .  g a t o r s  on p rev igus   P ionee r   veh ic l e s  a s  wel1.a-5 numerous s t u d i e s  on ' 

IMPS and OGOs. It is a n t i c i p a t e d   t h a t   e a c h   i n v e s t i g a t o r  w i l l  b r i n g  

t o  bear h i s   f u l l   e x p e r i e n c e  on p r e v i o u s   s p a c e c r a f t   i n . h i s  area of 

compe tence .   The   co l l abora t ive   e f fo r t   a l r eady   unde r t aken  t o  des ign  - 

"' '.. t hese   t e l e scope   sys t ems  and   p repa re   t h i s   p roposa l  w i l l  be   extended ': 

t o   t h e   p r e p a r a t i o n   a n d   t e s t i n g  of the   ins t ruments   and   the   ana lys i s  of 

of   t he  data.  The   opera t iona l  modes of each of t h e   t e l e s c o p e s   a r e  as 

. -  . -  
* 

s 

. .  . .  . .  .. . -  .. , ., 
-. . . . <. 

x. . d .  

' .  
follows: 

I . 



'. . 
* . I  . 

cnergyloss   (dE/dx) ,   to ta l   energy ,  a n d  range'. The s imultaneous measu're- 

rncnt of t o t a l   e n e r g y  and  range  provides a very  powerful  method  for . . .  . .  
. r e j ec t ing   de t ec to r   background ,   wh ich  is a p a r t i c u l a r l y   s i g n i f i c a n t  . L . .  

. - _ . _  - -  . .  

problem i n  th i s   energy   reg ime.  The  t e l c s c o p c  i s  a l s o   d e s i g n e d   t o  

measure t h e  ene rgy   and   cha rge   o€ ,pa r t i c i e s   wh ich   pene t r a t e  c o m p l e t c l J r  _ . .  . - -  

t h r o u j h   t h e   s t a c k  of s o l i d  s t a t e  devices .  ' I n   t h i s  mode t h r e e   s e p a r a l  e 

. -  . . . C L  - -  . dE/dx  measurements  are made. Charge   reso lu t ion   for   ,pene t ra t ing  : 5 ' . :,:.,:-* - :' 

' s o l i d  s t a t c :  d e t e c t o r .  Two t h i n  (100 m i c r o n )   s u r f a c e   b a r r i e r   d e t e c t o x  
c 

s e r v e  t o  def ine  the  geometry and to   p rovide  a double dE/d.x measurerner.t. 

' - -,.: , i .L . . , . .A  . t h i ck  (2.5 mm) , l i t h i u m   . d r i f t   d e t e c t o r   p r o v i d e s  a t o t a l   e n e r g y  neascre-';'.'.. :.': 
. <  

~ . . _.. 

' . . ment. LET I w i l l  cover   the  energy  range  f rom 3 t o  22 MeV/nucleon.. I n  '+.'., 
-- 

. .  

teis i n t e r v a l   c h a r g e   r e s o l u t i o n   w i l l ' b e   p o s s i b l e  from Z 1 1 t o  8. I n  

a d d i t i o n   a n g u l a r   d i s t r i b u t i o n s   f o r   d i f f e r e n t   c h a r g e   s p e c i e s  and 

e n e r g i e s  w i l l  be obta ined .  
> 

4 .  
.. 

. .  . . .  Low Energy  Telescope 11: Two s o l i d   s t a t e   d e t e c t o r s ,  one th in   and  
-. ., I .  .. 

one thick,  a r e  . u s e d  i n d i v i d u a l l y  and i n  co inc idence  as t o t a l   a b s o r p t i o n  . :-..*-..> 

spec t romete r s .  A th i rd  d e t e c t o r   o p e r a t i n g  i n  an a n t i c o i n c i d e n c e  mode 

t.Tibu.pcoif ehae ejiiay riti@bPCna paik iQ&$ik  -26 kHSil4;iSO6lr TfW LACG 6 3 B ~ ' ~ t e k d Z  

i 



will respond t o  protons between 50 KcV and ' 3  >lev and el ccLrons , , 

bctwcen 50 and 150 KcV.' The t h i c k  d e t e c t o r  will be sensitive t o  

protons  between 3 a n d  20 MeV and electrons  between 150 KeV and 1 

MeV, and i n  these l a t t e r  energy in te rva ls  an unambiguous s c p a r a t i o n  

i . 
, ,  

! 

! 
; 

. of pro tons   and   e lec t rons  b l i l l  be p o s s i b i e .  T h i s  telescope is i n -  

tended t o  be p r i m a r i l y  n monitor of so l a r  p a r t i c l e  f l u x e s .  . 

We have developed  t 'hese  telescope sys t exs  s p e c i f i c a l l y   f o r  

a missLon such as Pioneer  F and G where a r e l i a b l e   o p e r a t i o n   o v e r  

a pe r iod   o f   s eve ra l  years is requiret i .  I n  p a r t i c u l a r   t h e   h i g h  

ene rgy   t e l e scope  is s e l f - c a l i b r a t i r l g .  We r e f e r  the  r e a d e r  t o  

section I11 f o r  a more d e t a i l e d   d e s c r i p t i o n  of the  ins t rument .  

. . .  . 

. 

. .  . .  

. . . .  . .  . .  
\ 

"/ . .  

.. 
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thcse rncclsurcnlcnts w i l l  be   g rca t ly   cnhsaccd  by concurreht  measurements 

.of t h e  IMP o r   s i m i l a r   s e r i e s   i n   n e a r - e a r t h   o r b i t s .  
- ~ . -  . , -  

1. To measure the   f l ow  pa t t e rns  of e n e r g e t i c   s o l a r  and g a l a c t i c , :  -.-.-:. : -:: I 

! i *  
p a r t i c l e s   s e p a r a t e l y   i n   t h e   i n t e r p l a n e t a r y   f i e l d .  To i n t e r p r e t   t h i s  

measurement, s imul taneous   de te rmina t ion  c;f t h e   e n e r i y   s p e c t r u m ,   r a d i a l  

g r a d i e n t ,   a n g u l a r   d i s t r i b u t i o n , '  and s trcaming  parame'ters is  r equ i r ed  

for   each   nuc . lear   spec ies  and over   as   wide  an  energy  range as i s  

prac t icable ,  

. - .  . .  . _ .  ... . . I _ _  . - -. 

I 

I 

t 

2. To measure  the  energy  spectra ,  a n d  i so top ic   compos i t ion   o f  . .  

. . .  , ._.' . :, g a l a c t i c  and so la r   cosmic   r ays  f rom  the  lowest   pract ical   energies   up ._...- . ? - - '  

. .  
. .  . .  - , . '  t o  d 8 0 0  MeV/nucleon  and  (by use  of  o b j e c t i v e  1) to   Unfo ld  the pr imary: .  :?::' 1.) ' I '  

' f l a r e  and i n t e r s t e l l a r   s p e c t r u m .  _ -  
4 

.:* 3. To measure   the   t ime  var ia t ions  of t h e   d i f f e r e n t i a l   e n e r g y  

s p e c t r a  of e l ec t rons ,   hydrogen  and he l ium  nuc le i   over   the   cor respond-  
t 

i n g   e n e r g y   i n t e r v a l s .   D u r i n g   f l a r e   e v e n t s ,   t o   o b t a i n  . time h i s t o r i e s ;  . . . .-. , 

_ .  . - - . . du r ing   qu ie t  times, t o   r e l a t e   g r o s s  time v a r i a t i o n s   t o   t h o s e   n e a r  - - - - -  .. . .  . - - .  . .  - -_  

ea r th   t hus   deduc ing  a s p a t i a l   g r a d i e n t   f o r   g a l a c t i c   c o s m i c   r a y s .  * :  . .  . . 

4. 10 study  the  energy  spectra ,   t ime  Variat ions  and s p a t i a l  

. g r a d i e n t s   a s s o c i a t e d   w i t h   r e c u r r e n t  and n o n - f l a r e   a s s o c i a t e d   i n t e r -  



, 
. .  

. .  . .  

or i n , t c rp l anc tn ry  accc lcra t ion  proccsscs .  

5. '  To p r o v i d c   i n f o r m t i o n  on t h e   e n e r g e t i c ,   p a r t i c l e   d i s t r i b u t i o n  

s u r r o u n d i n g   J u p i t e r .  
. i  

! 

6 ,  T o ,  t r y  and determinc  the  extend of t h e   s o l a r   c a v i t y ,   t h e  

e n e r g e t i c   p a r t i c l e  phenomena. o c c u r r i n g   a t   t h i s ' i n t e r f a c e   a n d   t h e  

c o s m i c   r a y   d e n s i t y   i n   n e a r b y   i n t e r s t e l l a r   s p a c e .  
. ,  . . .  

.- 
We sha1.l now c o n s i d e r   t h e s e   s c i e n t i f i c   o b j e c t i v e s   i n  more d e t a i l  

and  examine how they  w i l l  be  achieved by the  proposed  experiment 

s y s  tern. 

OBJECTIVE 1 : . ,'* 
, . ,  .. . 

. - 

The t e l e scopes  are  designed w i t h  a p p r o p r i a t e   d i r e c t i o n a l  re -  

s p o n s e   t o   d e f i n e   t h e   q u i e t  time f low  pz t t e rn  of ga l ac t i c   ' ( and   p robab ly  

s o l a r )   c c s m i c   r a y s   b o t h   i n  and o u t   o f   t h e   e c l i p t i c   p l a n e .  , 

-~~ Quiet- t ime:  A t  h igh   ene rg ie s ,   t he   ga l ac t i c - -pa r t i c l e   s t r eaming  ,is 

expec ted   t o  be n e g l i g i b l e .  A t  medium e n e r g i e s ,   t h e   d e t a i l e d   a n g u l a r  

r e s o l u t i o n   o b t a i n a b l e  by sec to r ing   t he   h igh   ene rgy   t e l e scope  w i l l  
. '  

* 

allow  comparison of  p a r t i c l e  f low p a t t e r n s   w i t h  ,the . g e n e r a l   f i e l d  - 

-. s t r u c t u r e   w h i c h   c o l l i m a t e s  them.  The d i r e c t i o n a l   . p r o p e r t i e s  of the  .. 

ward s t r e a m i n g   q u i e t - t i n e   s o l a r  component a t  very  low energ ies .   The  



. .  

' I  
i, 
I 
6 .  

plane  (unmcasurtd t o  date)  and   hence   d i rec t iona l  mcasur'encilts poinc- 

i n g  o f f  of t h e   e c l i p t i c   p l a n e  a re  e s s e n t i a l .  The ne t  r e su l t  will bc 

an cstjeri~ace o.€ t he  c r o s s  c i r c u l a t c r y   p a t t e r n  of cosmic  rays i n  t h e  

a .  

.. , - 
. .  . 

s o l a r  system. 

The r a d i a l   g r a d i e n t  measurements will, be made by moni tor ing   the  

1 .  d i f f e r e n t f a 1   e n e r g y   s p e c ~ r a  of par. t ic1E  species  throughout:  the  f l i gh t :  

and c a r e f d l y  c o r r e l a t i n g  them w i t h  con'.psrable  data s.-&REI~~GIGw-&- I . . . . - . . 

r rth'.  With a '  .. f i r m l y   e s t a b l i s h e d  

' ' temporal   "base-Pine"  t rhikh  removes  solar   cycle   and  f lare   event   effects ,  

. a  . t r ue  s p i : : i a l  g r a d i e n t  may b e  der ived .  Eoyever, a di rec t  e s t i m a t c  of 

. t he   g rad ien t s  of the   se .para te  spccics i s  a v a i l a b l c  from the  measure- 

ments 'o f   the   s t reaming  cur ren t   aad   the   energy   spec t rum ma'de by t h e  

' 4 '  

Gleeson, 1967;  Gleeson, 1969; Roelof ,  1969)  show t h a t  the  g r a d i e n t  'is.'. .. .. .-., 
-. - .. 

l i n e a r l y   r e l a t e d   t o ' t h e   p a r t i c l e   s t r e a m i n g   c u r r e n t   t h r o u g h   t h e  ' 

d i f f u s i o n   c o e f f i c i e n t  of t h e   s c a t t e r i n g   m a g n e t i c   i r r e g u l a r i t i e s  and 

i 



* .  

-S- i 
i* 

est:ir,r:!t:c of t he   g rad ien t  i s  available f ron  spectrum, f low and  fic1.d - .  

:I 
T;iCaSurcmcnts, 3s  r e s u l t  of thc v c l o c i t y   a n i s o r r o p y   s c n s i t i v i t i c s  

1 
of t h e   p a r t i c l e   t e l e s c o p e s .  The  a b o v c   c o n s i d e r a t i o n s   a r c   p a r t i c u l a r l y  - . i 

f impor t an t   €o r   t he   s epa ra t ion  of  t he  s o l a r  and g a l a c t i c   p a r t i c l e  k 
. i .  

population  a. t  Iow ene rg ie s  w!?cre a cont inuous ?ow l e v e l  f l u : <   o f ' s o l a r  I I 

. .  :, ! 

, _  . 

8 

i 

prtr t ic l .cs  ~ ~ n y  qrcatly modi fy  the  f e a t u r e s  of the g a l a c t i c   p a r t i c l e  'i 
k 
i 

. , . I_ - . 1 :  

g r a d i e n t  ar:d s pcc t rum. ; 
'[ 
. *- 

F l a r e   c v e n l s :  A fundamenta l   p robiem  re ln t ing   to  s o l a r  cosn~ lc   r ays  - ' ..i" 

t h a t  of dec iuc ing   the   f la re   par t ic le   spcc t ium and composition - r equ i r cx  

i s o l a t i o n  o f  t h e   e f f e c t s  of   in te rp lane t : , ry   p ropasa t ion .   Ear ly   in  - 
f l a r e  evenrls,  the low  and medium e n e r g y   v e l c c i t y   a n i s o t r o p i e s   a r e  

extremely \!e11 c o r r e l a t e d   w i t h   t h e  loca l  d i r e c t i o n  of  the  magnetic 5 

f i e l d  a t  1 AU. As t h e   o r b i t   n e a r s  5 AU t h e ' m a g n e t i c   f i e l d   s t r u c t u r e  i c 

may no t   be  a s  we l l   de f ined  as n e a r   e a r t t  and f l a r e   p a r t i c l e   v e l o c i t y  

L 
t 
f 

. .  
. .i 

1 
L 
/ 

/ 

. .  _ _  __ . - . 

P 

? 

# 
f 

' '  .arl ' isotropic.s  could well b e  t h e   b e s t  means o f   ' t r ac ing   ou t   t he   connec t ion  - -  - - . - - L I  f 
i 
f 

. .  
_ .  . - . ,  .,.'. 

. .' ., 
of f i e l d   l i n e s   b a c k   t o   t h e   s u n .  I 

i 

Measurements  over a w i d e  range  of   energies   covered by the   h igh ,  

and  low energy t e l e scopes  will provide   t es t s   o f   models   o f   in te rp lane tary  

p ropaga t ion   unava i l ab le   w i th   on ly   nea r -ea r th   obse rva t ions .  Time 

, , - , .  - - .  ( 

f 
I 

. .  
' I  , 

L 

i 
t - 1  , '  h i s t o r i e s   r e c o r d e d  by s i m i l a r   d e t e c t o r s   n e a r   e a r t h  and e n r o u t e   t o  . I  

! . J u p i t e r  w i l l  d e f i n e   t h e ' a z i m u t h a l   s p r e a d  of f l a r e  1 ,  p a r t i c l e s   ( o r   t h e  ,-* - 

'.. 
. rad ia l  var i a t . i on  when t h e   s p a c e c r a f t  are'on p r o x i m a t e   f i e l d   l i n e s ) .  ' -  ' 

. . -  

, .  . .  



* .  
+! . .  
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S i n c c   t h e   : p a r t i c l e   t e l e s c o p e s  will cover  two t o  three d e c a d e s   i n  

energy f o r  hydrogen  and  helium  nuclei  (and  a . l s o   e l e c t r o n s ) ,  de -  

.. .. . 
6 .. 

_ -  

. ... . - 

modulat io2  of  s o l a r  induced  changes will y i 6 I . d   e x t e n s i v e   i n t e r s t e l l a r  

s p e c t r a   f 2 r  these p a r t i c l e s .  Of cour se ,   . i f   t he   modu la t io l l  r e ~ i o i :  

.. , - ._ , - . - terminate;  w i t h i n  t h e   J o v i a n   o r b i t  (as do ,  f o r   i n s t a n c e ,  some comet- - .(.- 

t a i l  i n t e r a c t i o n s ) ,   t h e n   t h e   h i g h   c h a r g e  and s p e c t r a l  . *  r e s o l u t i o n  of 

the detcc , tor   sys tem is capable  o f  d i r e c t l y   o b t a i n i n g   d e t a i l e d   i n t e r -  

s t e l l a r   s p e c t r a .  

Modblation theories  can be  critic:..lly examined by, comparing thc. 

spa t i a l   dependence  and time v a r i a t i o n s  of s p e c t r a  of p a r t i c l e s   w i t h  

, .  E - ;  : . d i f f e r e n t   c h a r g e   t o  mass r a t i o s   s u c h  as pro tons /e lec t rons ,   p ro tor i s / -?  :.: :?: 

., a l p h a s ,  and the  Hc3/He with s o l a r  wind  v e l o c i t y  and m a g n e t i c   f i e l d  1; . .... L V  ;- 

. .  
. 1  1 0:  , .- 

9 .  

4 , .  . ,I * .. I 

-- 
measurements. 

However, c u r r e n t  ideas on modulat ion  which  descr ibe it  i n   t e r n s  

of a s t a t i s t i c a l   i n t e r a c t i o n   w i t h  a spectrum of m a g n e t i c   i r r e g u l a r i t i e s  . . -. 

.may be  incomplete by n o t   i n c l u d i n g   t h e   e f f e c t s  *oh energy loss  as has 

.been sugges t ed   by   r ecen t   t heo re t i ca l  and  experimental  work @ebbcr,--:- '.: - '.-. 
-. 

. .  

1968; Roclof ,  1969). I f  this is s o ,  t h e  medsurement of the   energy  5. 

. .  
. .  
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predominate a t  low ene rg ie s ,   wh i l e  in the  f o m c r  interactions a re  

wj.th t h e   i n t c r p l a n c   t a r y   e l e c t r o m a g n e t i c  f i e l d  (which c u r r e n t   t h e o r y  

predic t s   vary   on ly  as  Z ) .  Thus the  \ ra r ia t io ; l   wi th   d i s tance   f rom 

thc   sun  o f  the  lower end of the   energy   s i icc t ra  of d i f f e r e n t   e l e m e n t s  

, mzy be the  ;& d e f i n i t e  tes t  of the   nagni tude  of  t h e   l o c a l  nlodu1ai:ior.. 

, The ques t ion  i s ,  o f  cou r se ,  a ve ry   i npor t an t   one ,   s ince  the  i n t e r -  - . - - 8 . 

1 
i 

I .  .. .. . 

s te l la r  s p e c t r a   c o n t a i n   t h e   i n t e r s t e l l a r   p r o p a g a t i o n  .. h i s t o r y  and S O U T C C  

. .  s p e c t r a  of ga lac t ic   cosmic   rays .  The d e r i v e d   i n t e r s t e l l a r   c h a r g e  and ' -  

, i s o t o p i c  co rlpos i t i o n  and  cni.rgy s p e c t r a  will be a s t r i n g e n :   t e s t  of 
. ,  

t h e o r i e s  of  dosmic  ray  or igin.  ! 

OBJECTIVE 4 * 

Thc low energy  te lescope w i l l  b e   p a r t i c u l a r l y   u s e f u l   i n   m o n i t o r -  
- 

ing  and cxanin ing   the   an iso t ropies   assoc ia ted   wi th   the   .wide   var ie ty   o f  . * ' * *  

n o n - f l a r e   a s s o c i a t e d  low energy  proton,   hel ium a h  e l e c t r o n   e v e n t s   a t  
+ .  

pos i t io r l s   away-f rom  ear th :   These   inc lude   energe t ic  storm p a r t i c l e  . - '  . > '  
. .  .. - 

events   (Bryant  e t  a l ,  1962;  Rao e t  a l ,  196TK r e c u r r e n t  and long l i v e d  

p a r t i c l e   s t r e a m s   ( B r y a n t  e t  a l ,  1965), and a c t i v e   c e n t e r   a s s o c i a t e d  
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< '  

fo r   con t inuous   acce le ra t ion   p roccsscs  on t h e  sun  o r  i n  i n t e r p l a n e t a r y ,  

space which may b c  s i m i l a r   t o  small-scalc f l a r c  acce lc ra  t i o n  o r  cozlld 

be  a n  e n t i r e l y   d i f f e r e n t   p r o c e s s ,  Only t r i t h   s p a c e c r a f t   b o t h   n e a r  ' .  

e a r t h  and in   i n t e rp l ane ta ry   space   can   spa t , i . a l  and. t e m p o r a l   v a r i a t i o n s  

be sepa1:ated so t h a t  the wolu ton  of thesc events   can  bc follo\qcd 

. .  
I 

. .  
; 

, th roghout   the i r   l i fe t imes   (which  may be s e v e - r a l   s o l a r   r e v o l u t i o n s ) .  
. .  

OR J E C T  I'JE 5 : 

axis al lgnmcnt ,  and the l ook  a n g l e   d i r e c t i o n s  of t h e   d e t e c t o r s   a r e   i d e a l  

i n  term'; of s tudy ing  the  Jovian r a d i a L i o n ,   b e l t s   w i t h   t h i s   s e t   o f  

d e t e c t o r s .   J u p i t e r   o f f e r s  t h e  u n i q u e   o p p o r t u n i t y   i n   t h a t  i t  has   t he  

o n l y   o t h e r  known p lane tary   magnetosphere   in  o u r  s o l a r   s y s t e m .   I n  9 

*ear th .   Es t imates   for   the   boundary   o f   the   Jovian   magnetosphere   on   the  

Sun s i d e  rclnge around 40 J u p i t e r  r a d i i  (R J ). It is probably  not  un-.  

r ea sonab le   t o   expec t   t ha t   t he   Jov ian   magne tosphe re   a l so   posses ses   an  
-. 

'extended , t a i l .  

We expec t   t ha t   t h i s   expe r imen t   can   p ryv ide  a v a r i e t y  of r ap id  

proton  and  e lectron  f lux  measurements ,   together   with  pi tch  angle  d i s -  

t r i b u t i o n s  and rap id  8 channel  spectra i n  the  low and medium energy 
, . .  

- .  . 
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. .  
- .. 

s t e r  be fo re  p u l s e  p i lc -up  becomes a rnajot  correct ' ion  problem. ._ . . . . . . - 
. .  

OBJECTIVE 6 : 

- d e n s i t y  i n  n e a r b y  i n t e r s c c i  L Z Y  s p c ~ c c .  - 
The te rmina t ion   of  the  modulat ion  region is  a iower bound  on the-  ' " -  .- . 

' e x t e n t  of the solar   plasma, '   and 3 u s e f u l  one s i n c e   t h e   e x t e n t  is pre -  
. *  

s e n t l y   u n c e r t a i n   w i t h i n   ( a t   l e a s t )   . a n   0 1 : d e r ' o f   m a g n i t u d e .  By ca re fu l  

. a n a l y s i s  CI.€ the   energy  spectrum fiow p a t t e r n  and gradient :  t h r o u g h o u t  , .  

! 
t h e   f l i g h t ' ,   s u c h  a te rmina t ion  may be  d e t e c t e d   i f  i t  'is < 10 AU from 

t h e  sun. 
a 2 . ., . .  

. 1. 
. '. 

CORRELATED MEASUREMEhXS : < , '  

I C o r r e l a t i o n   w i t h   n e a r - e a r t h   p a r t i c l e  - mcasurements. The s p a t i a l l  

t empora l   s t ruc tu re   o f  so l a r  and   in te rp lane tary   events   can   on ly .  be  : 

deduced  from  continuous  monitors a t  a v a r i e t y  of  r a d i a l  and az imutha l  - . . ' .  - '  

l o c ' a t i o n s .   C o - r o t a t i n g .   p a r t i c l e   s t r e a m s ,   i n t e r p l i n e t a r y  plasma  shocks 

. -5 , 

\ 

, .  

* 

' .. L 
, , .I 

and Forbush   decreases   a re   obvious   examples   in   addi t ion  t o  customary 1 . - .  . . .  . - . .  - .. 

' .  
f l a r e   e v e n t s ,  / Quiet- t ime  f luxes  measured on the   ou tvard   journey   cannot  

be i n t e r p r e t e d   i n  terms of a g a l a c t i c   g r a d i e n t   u n l e s s  a sound  "base-line' '  /' 

for  the ,   so l a r   cyc le -dependen t   t ime   va r i a t ion  of f luxes   can   be   de r ived  
.?? , 

. . .  



' .  

front conpa rab le   dc t cc to r s  i n  nea r -ea r th  o r b i t s ,  

d e t e c t o r s   a r e   s c h e d u l e d   f o r  a concurren t  p e r i o d  
a .  

. .  

on IMP Ii, J and K. 

C o r r e l a t i o n   w i t h  on-board rnagnctonetcr and plasma mensurencnts.  

The s t r o n g   c o l l i m a t i o n  of s o l a r   p a r t i c l e  f l o w . a l o n g  m a g n e t i c   f i e l d   l i n e s  * 

d u r i n g   a l l   b u t   t h o   l a t e   p h a s e s  oE s o l a r  f l n r a  z v m  i s  wcll cxtahZis:led 

n e a r  1 AU. Mowever, a t  5 AU t h e  f i e l d  mqy be   qu i t e   t ang led   due  t o  th.3 . -  ' 

"Winding'uF" of the  Archimedean  spiral  f i e l d ;  i t  would make an   ave rag?  

a n g l e  of -80' w i t h   t h e   s o l a r   r a d i u s   v e c t o r .   I f   t h e   f i e l d  ai: L i i i s  

_ - .  

.. . d i s t a n c e  i s  more d i s o r d e r e d   t h a n   a t   e a r t > t ,   t h e   r e v e r s e   s i t u a t i o n   t o  

t h a t  a t  t h e   e a r t h  may h o l d ;   a n g u l a r   f l a r e  pa r t i c l e  d i s t r i b u t i o n s  may ' 
, .  

a id   i n t e rp re t a t ion   o f   compl i ca t ed   magne t i c   f i e ld   measu remen t s .  The 

need fo r   a s soc ia t ed   magne t i c   f i e ld   measu remen t s   i n   i n t e rp l ane ta ry  shocks 

and .Forbush decreases is  se l f - ev iden t .  F.ec&nt theoret ical  work (Glcczon, 

. *  

. . . . - . . - - 

t 

1969; Roclof ,  1969)  has shown t h a t   t h e   a v e r a g e   m s g n e t i c   f i e l d   d i r e c t i o n  

_ .  . governs  the flow of   gu ie t - t i r r , e   par t ic les , '  s o  s imul t aneous   pa r t i c l e -  , _ .  . - .  
. 'y ., 

f i e l d   o b s e r v a t i o n s  a r e  r equ i r ed .  . .  
. .  , b -- . .  

. .  
I 

. .  

1 
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A s e t  of 3 , s o l i d  s t a t e   d e t e c t o r '   t e l e s c o p e s  i s  proposed t o  

accomplish' t h e .  s c i c n t i f i c   o b j e c t i v e s   l i s t e d  above. t . 7 ~  s h a l l  now 

d i s c u s s  t hcsc '  t e l e s c o p e s   i n  some d e k a i l  and how the  measurements  are 

coord ina ted   t o   p rov ide  a comprehensive and redundailt: s e t  o f  cosmic' 

ray mcasurements. T h c  redundance of t h e  ScFara tc  o f  ncasure;i-tcnts 

as well as t h e   s e l f - c a l i b r a t i o n  c?re 2mporta;;t- f e a t u r e s  o f  the  system 

we are   p ropos ing .  It  i s  a t o t a l   n e c e s s i t y  :.n view of the  pro1ongc.d 

n a t u r e  of the  .Pioneer F and G miss ions  and {.'ne con t rove r sy   t ha t  

current1.y ex i s t s  .over  t h e   i n t e r p r e t a t i o n  of g t a d i e n t  and an i so t ropy  

measurements made, i n   t h e  0.7 - 1.5 AU interTral,  . .'* I. 

t 

.. .. . 
f 1 

1 
t 

f 
t 
t 

f 

.. . . . -. . . . - - - . . - . .. -. . . 

'.. H i s h  Energy Telescope_: 

The h i g h  e ,ncrgy  ' te lescope i s  a t h r e e  e:.eaent a r r a y   ( f i g u r e  IIi-1) 

Two of these   e l emen t s   a r e  s i n g l e  l i t h ium  d r : . f t   de t ec to r s ,  300  IT^ 

a r e a  and 2.5 mx t h i c k .  The th i rd   e lement  .is a stacked  arrangement 

of f i v e  850 mm , 2.5 m t h i c k   l i t h i u m   d r i f t   d e t e c t o r s .   T h i s . t e l e s c o p e  

h a s  two b a s i c  modes of ope ra t ion  - p e n e t r a t i n g  +?d s t o p p i n g   p a r t i c i e  
t 
I 

m o d e s ,   F o r   p e n e t r a t i n g   p a r t i c l e s   d i f f e r e n t i a l   e n e r g y   s p e c t r a   a r e   o b t a i n e d  
d \ j  I 

f o r  heliuin  and  hydrogen f rom 50 - 800 XeVjnucleon. The s topping  

p A r t i c l e  mode covers  the  range  from 2 2  - 50 MeV.. We w i l l  cons ider   each  of : 1 
- - c  , r  

f 

t 2 f 
i 

I 
_. 1 

4 
~ .-: 1 

I 

6 
e : 2 . .  

. : L '  J -  
. . . . .  - 

/- 

:i - 
, .  

1 

. these modes s e p a r a t e l y .  . I  I . ,* 
-x. 

High Energy Mode-: f E 

The primary mode of ope ra t ion  i s  t r i g g e r e d  by a p a r t i c l e   t r a v e r s i n g  

. .  

. ) L  . .  
, .  

, .  

. .  
. -  

. r-- - 



. .  

. .  . . .  

A,  R and t h c  complete G elcmcnt a s  i . d c n t i f i c d  by ABCg co inc idence .  

. .  

The q u i e t  time d i s t r i b u t i o n  of ga lac ' t i c   cosmic   rays  i s  s u c h   t h a t  a C . I . ' i  
wcll dcf incd  minimum i o n i z i n g  peak i s  obta ined  frorn A, B and C. The " 

7 ; ,;e(. I 

! 
p o s i t i o n  of th i s .   peak   in .   bo th   the   p ro ton  and a l p h a   p a r t i c l e   r e g i o n  . e , l ~ ' b  , !  

prov ides  a s e l f - c a l i b r a t i o n   f e a t u r e  which a l l o v s  f o r  t h e   d e t e c t i o n  

and c o r r e c t i o n   e i t h e r   i n   t h e   d e t e c t o r  or a s s o c i a t e d   e l e c t r o n i c s .  

. .  

.- > 

:i,, - L  

i 

. -  + .  

This   de tec tor   can   measure   the  q u i e t  t i n c  f l u x  o f  ga l ac t i c   cosmic  

r a y   p r o t o n s   i n t h e  region  20 - 800 NeV. The a b i l i t y   t o   p e r f o r m   s u c h  a 

measurement h a s  been amply demonstrated by t h e  a n a l y s i s  of  t he  Augusi: 

. .. 

I 

1961 q u i e t   t i n c   d a t a   f r o a   E x p l o r e r  XII. S i n c e   t h e   r e l a t i v e   c a l i b r a t i o n  

throughout  thc: f l i g h t   c a n  be determined   wi th in  4 % ,  i t  i s  f e l t   t h a t  

t h e   f l u x   c h a n g e s   g r e a t e r   t h a n  3% can   be   de t ec t ed   i n   t he  20 - 400 MeV. . . . . . - . 

e .  

. *  

r e g i o n .   I n  t h  i n t e r v a l  400 - 800 XeV, long te rm  f lux   changes   g rea te r  . 

t han  5% can be measured. The d e t e c t o r  systcm proposed h e r e   h a s  a 

f a c t o r   o f . w l . 8  improvement i n   r e s o l u t i o n  o v e r  t ha t   o f   t he   Exp lo re r  XI1 

t e lescope .   This   should  I lead ' t o  a wel l   def ined  a lpha  peak (whi;ch ,we7 nuti'i.n!:.:: C : ? - ~ : : , C ~  

d e t e c t  i n  .our OGO V ( d E / d ~ ) ~   t e l e s c o p e ) .   T h i s  w i l l  p rovide   in format ion  ' : .  ...- , 

on . t h e   r e l a t i v e  f l u x  of a l p h a   p a r t i c l e s   i n t h e  region 20 - 800 MeV/nucleorl. 

.. . 

%, 

" I n  the  energy  range 20 - 120 MeV/nucleon i t  i s  p o s s i b l e  t o  i d e n t i f y  i 
8 

t h e   d i r e c t i o n   t h e   p a r t i c l e   t r a v e r s e s   t h e   t e l e s c o p e .   T h i s  makes it pos- 

s i b l e   t o   m e a s u r e   a n g u l a r   d i s t r i b u t i o n s   o v e r   t h i s   i n t e r v a l .  An accura t e  

i n t e r g r a l   : f l u x  of  both  hydrogen and hel ium above '800 NeV/nucleon i s  al%o . ' . 

. .  

- . -  
. .. 
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Tile look ansies f o r  t h i s   t e l e s c o p e  a r e  def ined  by f i g u r e  I V - 4 ,  

There a rc  two p r i m a r y   c o n s t r a i n t s  s c t  by t h i s   p o s i t i o n  of t h e  exper-. : ". . . ,  

. I  
1. irnent which arc also d i s c t ~ o s s d  in thc cnv i ran rncn t  sec t ion:  ' .' 

/ l StopDinz   P , l r t i c le  Xode: 
I .  

S t o p p i n g   p a r t i c l e s   a r e   i d e n t i f i e d  b y  the   co inc idence   requi rement  
i 
i hEq. This   covers  H and He from 20 - 50 3IeV/nucleon 'and e l e c t r o n s  

' frola 1 - § b k V .  The A and B d c t c c t o r s  d.:fi.nc the  p a r t i c l e   a c c e p t a n c e  
I (  

. I  

cone wh'ile the   s tacked   a r ray ,  C ,  measure.;   .both  the  residual  energy  and 

the   range .  
.' 

i 

A l l  e l e m e n t s   i n  the t e l e scope  are  pulse   he ight   ana lyzed .   There  
?, " 

F ' _  

, . are  four  mcasurqrients for each   event ,  2 dE/dx, r e s idua l   ene rgy   and :  rar!ge;,:*;:. * . - 

w h i l e   t h e r e   a r e  . 3  dE/dx   measurements   for '   pene t ra t ing   par t ic les .   This -  --.' . .?:.: ' -  

* s i  . 
il . ' - *  ' 

. .  
, I . .  

/ . . 
. .. 

. . 1  

i.? ; ' 
'.,& < , >; p r o v i d e s   t h e   a b i l i t y   t o   u s e   s e l e c t i o n   t e c h n i q a e s   t o   i m p r o v e   r e s o l u t i o n  

, 
2.' 

'-* 1 

, ,  
r .  

r and p r o v i d e   d i s c r i m i n a t i o n   a g a i n s t  unwanted spur ious   even t s .  We b e l i e v e  , 
' \  

I *  

.$ 3,  

. P- . _  . c. t h a t   t h i s  improvement i n   r e s o l u t i o n  may be s u f f i c i e n t  t o  a l low u s  t o  
c 
pi *r I 

4 .. . .. - 
%' . .p . ,? 
i' r e s o l v e   t h e   i s o t o p e s  of  H and He.( We, f u r t h e r ,   b e l i e v e   t h a t   t h i s  

< 
Y' ).'. 

, ' .E combination of dE/dx, E and r a n g e   t o t a l l y   e l i m i n a t e s   t h e   n e e d  f o r  a T 
. _. . 

. ,  . - _  .__ .  - 
- , . ,,' ... 

* .> ' 

-. i "guard"  counter.  On IXP-IV we have f lown  a t h i e c  element E vs. dE/dx 
f 

where  the  anci-coincidence  requirement  is  re laxed  on a l t e r n a t e   r e a d o u t s .  

Wi th   t he   an t i co inc idence   r e l axed   adequa te   r e so lu t ion  i s  o b t a i n e d   i n   t h e  

.. 

. I  

. . . . . -. . . . . . p- - 



1 .  wclP d e f i n e d   a p e r t u r e ,  and t h e   p a r t i c l e   r a n g e  we f e e l  confidcnl:   that:  . I i ',ti. t 

! E  

t , 
/ .  . . .  $ 

, . I  
. i  t h e  addcd c o q l c x i t y  of  a "guard"  counter  would not  o f f e r  any  improvc- , r r  

!.a k B  

mcnt i n   d e t e c t o r   r e s o l u t i o n .  j r""'i 

'&e! + 

. ,. We have zupplenented t he   pu l se   hc iZh t   da t a  v i . t h  .a  nunber of d i f -  

on a ve ry  s h o r t  t ime   s ca l e .  They will a l s o   p r o v i d e  a means of  ::ea- 
J 

6 

c ,.,-,, ! 
v* .<; *, . ~ \ i 

f 
. > .  1. 

' s u r i n g   t h e   a n i s o t r o p y  of t h e s e   p a r t i c l e s  on a s h o r t   ' t i m e   s c a i e  by . .  . h 
t ,  

'.'. 
., A /  . ,  -- i : .  3 ;-, ~ 

, . , : J  

s e c t o r i n g  somi: o f  t h e   r a t e s .  ' 

. ^  _. . . I ..-. . 
i , 

1 
i. 
f measurement o f  r e s idua l   ene rgy  and  range allows u s  t o   a c c u r a t e l y  

3 

de te rmine   end-po in t s   fo r  va r ious  p a r t i c l e   s p e c i e s   i n   e a c h   e l e m e n t  of .' 1 

t he   r ange   a r r ay .  The A e lemen t   can   be   ca l ib ra t ed   i n - f l i gh t  f o r  s top -  

p i n g   p a r t i c l e s   i n  t h e  usual. way. 

' ' 2 .  Low Energy  Telescopes:  (LET I) 
. .  

*. . .  

The low ene rgy   t e l s cope  (LET I> i s  a t h r e e  - -  e'lement  dE/dx v s .  E 

d e t e c t o r   s e n s i t i v e   t o   p r o t o n s  and h ighe r  2 p a r t i c l e s   i n   t h e   r a n g e  3 t o  

The t e l e scope  i s  des igned   to   measure   bo th   energy   spec t ra  

and a n g u l a r   d i s t r i b u t i o n s   o v e r   t h i s   e n e r g y   i n t e r v a l .  ' T h i s   r e p r e s e n t s  

-. a modi f i ca t ion  of t he   p rev ious  LET d e s i g n   t o   t a k e , i n t o  , ', a c c o u n t   t h e   e i f e c t s  

of  an i s o t o p e  power s u p p l y .  
.'.. , 

. .  f 
The d e t e c t o r   c o n f i g u r a t i o n  i s  shown i n   f i g u r e  111-2 .  De tec to r s  Dl 

and D2 a r e   i d e n t i c a l   s i l i c o n   s u r f a c e   b a r r i e r   d e v i c e s   e a c h  100 microns 
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' i  

! 
! '. Y 

. .  ! I C  

. .  

tk,;'ick. They s e r v c  the d u a l  p u r p o s c s  of  d e f i n i n g  the geometry of t h e  

c l c t c c t o r  t c l c s c o p c  and  a l s o  p r o v i c l i n ~  3 rcclundant:   double d E / d x  r r ~ a -  ' . .  , * I  

~ F B  

. .  

. .  

tk,;'ick. They s e r v c  the d u a l  p u r p o s c s  of  d e f i n i n g  the geometry of t h e  

c l c t c c t o r  t c l c s c o p c  and  a l s o  p r o v i c l i n ~  3 rcclundant:   double d E / d x  r r ~ a -  

! '. Y 
. .  ! I C  

' . .  , * I  

~ F B  

. .  

. *  ! .  
D c t e c t o r  E i s  a l i ' t h ium d r i f t e d  s i l i c o n   d e v i c e  2 .5  mm i n  

J 
d e t e c t o r ,  a 1 rrm t h i c k   l i t h i u m   d r i f t e d   s i l i c o n   d c v i c e ,   s i m p l y  a c t s  

a s  a n   a n t i c o i n c i d e n c e .   E v e n t s  of t h e  type P1D2T and D1D.-$F w i l l  be 

I i :  

' i  
! i  

' .  
. . . . . . .. . - . . : !  a n a l y z e d .  l'h'e D1D2G e v e n t s   c o r r e s p o n d  t o  p ro tons   be tween  3 and 5 

MeV w h e r e a s   t h e  DlD2EF e v e n t s   i n c l u d e   t h e '  5 t o  22 XeV r a n g e  f o r  

p r o t o n s .  

An i m p o r t a n t ,   i n n o v a t i o n   i n   t h i s   t e l e s c o p e   ( a s   i n   t h e  HET) i s  t h e  - 

abs-c'nce of a .gua rd   ' coun te r .   Wi th   ou r   we l l -de f ined   geomet ry   and   r edun-  , '- 

d a n t  dE/dx m e a s u r e m e n t s   t h e   b a c k g r o u n d   i n t e n s i t y   s h o u l d   b e   n i n i m i z e d . '  

. - 4  , 

f ,  ' t  

i I 'i. i 
/" 

< . -  .. ' ! 
. .  

I n  a d d i t i o n  the low mass 2 and small gf?cjsic:try f p r  p a r t i c l e s  entering t h e  . I  

E element f r o n  the s i d e  w i l l  f u r t h e r   r e d u c e   b a c k g r o u r ' d   l e v e l s  r e l a t i v e  

t o   l a r g e r ,  more massive d e t e c t o r s   f l o w n  i n  t h e   p a s t .   T h i s ' t e c h n i q u e  1 1 
_. . a l l o w s   u s  t o  do away ~ i t h  the   we igh t   and   power   consuming   pho tomul t ip l i e r - ' , ' '  * - >  '---.- , I 

c . .  i i 
. s c i n t i l l a t o r   s y s t e m s   u s e d   i n   t h e   p a s t .  

( e x c l u d i n g   e l e c t r o n s ) .  T h i s  w i l l  r e q u i r e   c i r c u i t r y   h a v i n g  a s i n g l e  

d e v i c e s .  
-. c 

T h i s   l a b o r a t o r y  has had a g r e a t   d e a l   o f ' e x p e r i e n c e   w i t h .   s u c h  

d e t e c t o r s   u s e d  i n  s p a c e f l i g h t   a p p l i c a t i o n s ,  1 
O v e r a l l   s y s t e m   n o i s e  l eve ls  

. .  

i 

. .- 



This   t hen   g ives  us a w o r s t   c a s e   r e s o l u t i o n   b e t t e r   t h a n  10% FiJI.Dl.4 

- 1  
1,. , . .  Prccau t ions  will bc   t aken   t o   n in imizc   t he   e f f ec t s  of: r a d i a t i o n  damage. 

I n  a l l  c a s e s   f u l l y   d e p l e t e d   d e v i c e s '   h a v i n g   e l e c t r i c   f i e l d   s t r e n g t h s   i n  
I. 

" excess  of 150 V/ra w i l l  be u s e d .  _.  

We i n t e n d   t o   s e c t o r   s e v e r a l   r a t e s  i r o n  t h e  LET I .  Div i s ion   o f  
J,5 

c 

t h e   d a t a   i n t o  6 e q u a l   s e c t o r s  will be ccmmnsurate   with  our   viewing 

cone  half   angle   of  25".  To obtain  an  a ; lzuI .ar   scan we requi re   mount ing  / 

r "  
, "  \ :  'e'. A p r i o r i t y  system w i l l  be i n c o r p o r a t e d .   i n t o   t h e   e l e c t r o n i c s  t o  

; ._ i~ ' .', 

\ '  -' , i .;d:"'give \ . '  F r e f t ! r e n t i a l   c o v e r a g e   t o   t h e   r a r e r   e v e n t s   e . g . ,  alpha p a r t i c l e s ,  ,: . 
3 .,' I ', r: , heav ies .   Dur ing   l a rge   so l a r   even t s  t h e  d e f e c t o r s  w i l l  almost cerCai;;ly 

. . .  , i;j. % _  .' 
I ,  

t' ,; 
"!* " :. , - . 
, . < .  f o r   a n a l y s i s   t h u s   a r t i f i c a l l y   e n h a n c i n g   t h e   f r a c t i o n  of a lpha  p a r t i c - e s  

), . . ,  . be readoul: l i m i t e d .  The p r i o r i t y  systcm w i l l  s e l e c t  these r a t e   p a r t : : c l e s  
, i  

--__/ . .  

? \ ; .  

' -  ' . -  I :.and heav ie s  i n  o u r   d a t a .  Of cou r se ' ,   r a t e   coun te r s  w i l l  a l low,  us t o  -1 / .  '' - - I .  . .  . . - .  . .  
.. ' , . - , '  -, . 
~ , '  i .' , - . .. 

determine t h e  t r u e   r a t i o s  of  t h e s e   p a r t i c l e s  i.n i n t e r p l a n e t a r y  space:. 

T h i s   d e t e c t o r ,   l i k e   t h e  HET, will be s e l f - c a l i b r a t i n g .   I n   a d d i t i o n  

t h e .   d e t e c t o r s  w i l l  be   des igned   such   t ha t   an   ove r l ap , in   t he   i nd iv idua l  

energy  responses  of  t h e   d e t e c t o r s  w i l l  e x i s t .  This  w i . 1 1  a l l o w   c r o s s  
. .  

c a l i b r a t i o n s   b e t w e e n   d e t e c t o r s .  4 .  

.. , .  .. 
t '. 

3.  Low Energy  -Telescope: (UT 11) /'>,I-"' ..$"*'L.~'-$ / 
'.b p \  

i: ' 7  

This  low energy  'detector   system is' designed t o  s tudy   very  low energy 

* pro tons  and e l e c t r o n s   i n   i n t e r p l a n e t a r y   s p a c e .   S t u d i e s   i n   i n t e r p l a n e t a r y  
, .  



. ' ,  
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- 20- 
spacc will bc p r i u l a i i l y   l i n i i - c d   t o   p a r t i c l e s  of solar origin. Energy 

. .  
s p e c t r a  and a n g u l a r  d i s t r i b u t i o n s   a r c   n e n s u r e d .  A schematic  of t h e  , 

d e t c c t o r ' i s  snown i n   f i g u r e  111-3. 

: t  1 

d 

$ 

There   a re   th ree   e lements :  , 

*.." 

S1 13op 50 m* S i l i c o n   S u r f a c e   G a r r i e r  - 1 t $ 3  E 

S ,  
; 

2 m  - 50 mm Li th ium-dr i f t ed   S i l i con  2 i 
--I i. 

/ - e  > >  
s2 

s3 1 nml - 200 I]L;I Li th ium-$r i f t ed   S i l i con  
2 

,The  SI t h i c k c e s s  was chosen   to   min imize   thc   e lec t ron   response   wi ' thout  
,/ 

i 
! 
E 

making  an  unreasonable   sacr i f ice   in   the  der :actor   performance.  : A  t o t a l  t 

r e s o l u t i o n  of 15 - 20 KeV w i l l  be e a s i l y   a t : t a i n a b l e .  We have  determine<'  

i n   t h e   l a b o r s t o r y   t h a t   s p e c i a l l y   c o n s t r u c t c d   d e t e c t o r s  . .I o f   t h i s   t y p e   a r e  

i n s e n s i t i v e  t o  sun l igh t .   Us ing   t h i s   t echn ique ,  we can   have   de tec tors  

exposed to   su r i l i gh t   w i th   p ro ton   t h re sho lds  .of 75 KeV. Mechanical 

c o l l i m a t i o n  i s  used   t o  limit t h e   d e t e c t o r ' s   f i e l d  of' view to 4 15" and 

thus  provide  a r e a s o n a b l y   f i n e   g r a i n e d  measurement   of   angular   dis t r ibut ions.  

i g . .  
i 
t 

i 

1 

t 
I 

. .  :' 

., ~ The t o p   d e t e c t o r  S1 w i l l  s t o p   e l e c t r o n s   i n   t h e   r a n g e  50 -,150 KeV 
. .  ' .  

i n t i r v a l  i s  3 MeV - 20 NeV, Stopping alphas i n .   t h e  S1 d e t e c t o r  w i l l  have - 

a unique  response  from 1 NeV - 3 NeV/nucleon f o r   s o l a r   a l p h a   e v e n t s .  

* k  The pro ton  and e l ec t ron   r e sponses ,   fo r   t he   ve iy*  low energy  system  are  , E  

-. .. 
summar ized . in   f igure  111-4. Note t h a t   t h e   e l e c t r o n   r e s p o n s e   c u r v e s   a r e  

i d e a l i z a t i o n s  and do, n o t   i n c l u d e   t h e   e f f e c t s  of e l e c t r o n   s c a t t e r i n g  

which a r e   s i g n i f i c a n t   a t   t h e s e   e n e r g i e s .  ,We have c a l i b r a t e d  similar 

; - . . . - *  . _  : 1- 
f 

d e t e c t o r s   i n  50 K e V  and 
%? , 

. .  . .  

2 >lev e l e c t r o n  beams. 
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s p e c i f i e d  by the  following log ic :  

50 K c V  C E, < 150 KcV 
/ 8 l e v e l s  

where E = e lec t ron   ene rgy  and X = protor? energy. 
e P 

The advantages of t h i s   s y s t e n   a r e  t w n f o l d :  

1. Thc: d o u b l e  valued  response o f  t h3  u s u a l  one-dimensional 
d e t e c t o r  i s  e l imina ted  by rcmovi,'lg a i ?  p e n e t r a t i n g   p a r t i c l e s .  

2. E lcc t rons  and pro tons  are unambizuously  separated  over  a 
s ign i f i can t   ene rgy   r ange .  

.. 
Each o:E t h e   t h r e e   l o g i c  modes i s  connected t o  an' 8 lex7.el . -  - -  

i n t eg ra l   a .n ; l fyzc r .   Th i s  shou1.d provide  aiiiople ene rgy   r c su lu t ion  f o r  

spec t ra l   measurements .  ! 

It  i s  proposed   tha t  two l e v e l s  fo r   each  l o g i c  mode be   s ec to red .  

T h i s  might be as ' follows: 
50 KeV < E < 3 HeV 

500 KeV < E P -  < 3 XeV 

150 KcV. < E, < 1 PfeV 

500 KeV < Ee < 1 XeV 

P 
' ., 

I 

\ 

.1 5 
1 2 3  

3 NeV < E < 20 NeV 
i '  P - ', 
10 MeV < E < 20'XeV 

P " .. '.. . 
.We have   a l loca ted   the   weight  and  power f o r  the s e c t o r   a c c u n u l a t o r s   i n  J 

' the   weight  and power budgets .  

A d e t e c t o r   o f   t h e  S ty-pe has '   been  integrat ,ed  into  the I P P - G  

s p a c e c r a f t  by the  Goddard 'Space  Fl ight   Center   group.  A system o f  t he  

1 

\ * .  



, .  

i 
! 

. , t  
TJc are mcrclq a d d i n g  S t o  an a l ready   devc lopcd  d e t e c t o r .  

.2 . .  
The prorosed mounting schemes are .shovm i n  F igure  I V - 4 .  

The v i ewing  a n g l e s  are o b t a i n e d - s h o u l d  allow t h e   d e t e r m i n a t i o n  of com- 
r\ 

I 
I 

. .  
.. . 

.'. . 'f 

. .  
c 

" 



. ,  

The in s t rumen ta t ion   desc r ibed   he re  USES ex i s t ing ,   p roven ,  1067 power 

in   s cmiconduc to r s   and ,   i n  : !  c . i r c u i t r y   w i t h  some a v a i i a b l e  improvcments 
. .  

g e n e r a l ,   r n o r e ' e f f i c i e n t  and l i g h t e r  packag 

ycars  i s  c o n s i s t e n t   w i t h   t h e  ' w i t h   s i m i l a r  equipment: i n   t h e   p a s t   s e v e r a l  

r e q u i r e d   l i f e t i m e s   f o r   t h e s e   m i s s i o n s .  We will approach   t he   desc r ip t ion  
i 

I . o f   t h e   i n s t r c n c n t a t i o n  by d c s c r i b i n g   t h e   o p e r a t i o n  o f  each of  the t e l e -  
, .  

s c o p e s   f i r s t ,   f o l l o w e d  by a d e s c r i p t i o n  of  t h e   i n d i v i d u a l  c i r c u i t s ,  t h e  ' 

da ta   sys t em,   pa r t s ,   t he   mechan ica l  s y s t e n ,  thermal  requirements,   enviroli- .  . 

and the weight and  power , ana lyses .  

B. J40~;l EnerEv Telescope  11: 

of  the   de t ec t ion   sys t em 

and shows t h e   l o g i c a l   c o n d i t i o n s .  The c h a r g e   s i g n a l   f r o i   e a c h   d e t e c t o r  

is  . i n t eg ra t ed  and conver ted   to  a vo l t age  plllse, t h e n   s h a p e d   a n d   a ~ p 1 i f i e d ; -  
. .  

Figure  ,Ii'-l i s  a s i m p l i f i e d  b l  ock d i  agram 

' . ,  

. . -  , 

d i s c r i m i n a t o r s   f i r e   i f   t h e i r   t h r e s h o l d s   a r e   e x c e e d e d ,   p r o v i d i n g   t h e  ,. . .. . 
-- 

and i f   t h e   c o n d i t i o n s   a r e  met, the  4 i n p u t s  to t h e   v a r i o u s   l o g i c   c i r c u i t s ;  

p r o p e r   l i n e a r   g a t e  is opened, and t h e  

channels  by t h e   i n t e g r a l   a n a l y z e r .  

s i g n a l  is ana lyzed   i n to  one of 8 

data f o r  eLGh channel  of each 

i s t e r s  a e used t o   mon i to r   t he  
., 
, <. 

i 
,.. . . -  

A 24 b i t   r e g i s t e r   a c c u m u l a t e s   t h e  

' ana lyze r .   Add i t iona l ly ,  two more r e g  
.. 

\$* 1 

- ; * r a t a  S I  z2 F3, S1 S2 z3 and S1 S2 T3, and 8 more a r e   s h a r e d   i n  accumu- 
- 

'+ . .  

lating sec tored   (x8)   in format ion   . for  SI .s2 F3, SI S2 s3 and 

Y , 

c 

i 



and F e lements   a re  fed  ' i n t o   l o g i c .   c i r c u i t r y  which  produces a p u l s e  when ..' . 

... c a t i o n ,  p l u s  a n . a d d i t i o n z 1   b i c  t o  i d e n t i f y   t h i s   g r o u p   a s   d a t a  from ~ , . 

LET-I .  This  is  necessa ry .   s ince  we s h a r e   t h e   d i f f e r e n t i a l   p u l s e   h e i g h t  

; ., 

I 
t 

Janalyzers   between LET-I a n d ' t h e  WT. 0:12 6 - l e v e l   i n t e g r a l   a n a l y z e r ' i s  
- .  

I - .. 
i . .  j :  

sha red  bet;.;.een Dl and El F2 E F. S i ~ ~ e s ~ ~ . a c c u m u l a t o r s  a re  shared 

between t.ilc y a r i o u s " r a t e s  a n d  ' sectored r a t e s .  

I 

1 ? ! 
. C. )ii6h Energy Telescope: ' ,  

. - . .  . # ,  ., ' .  .- 6 . . .  Figure  IV-3 is  a : s i m p l i f i c d  block  diagram  of   this   system, ' 2nd  the-. . '. ' 

._  . , .. l o g i c  is shown.  Again  each  detector h a s  its--cv.rn c h a r g e   s e n s i t i v e  pre- ' (.' ' -  ' 

. a m p l i f i e r ,   s h a p i n g   a m p l i f i e r  a n d  t h re sho ld   d i sc r imina to r s .   De tec to r s  
4 

: . 
A ,  B ,  and C1 - C3 each  have two t h r e s h o l d   d i s c r i m i n a t o r s   s e l e c t i n g  - . . 

pra tons ,  and .He and  above,   respect ively.  . .  
~ * .  
. .  

To d i s c u s s  t he   l og ica l   a r r angemen t ,   cons ide r  a p a r t i c l e   e n t e r i n g .  ..-," I,, ;.:- d .  

/ 2  -. \ !, '. ' 
through A, B. Pulse   height   ana1.yzers  1 and 3 anal.yze  the h and ZCa 

p u l s e s   r e s p e c t i v e l y ,   w h i l e  ?HA 2 analyzcs  I3 o r  C3, depending on I '  . 

whether  one  has a pene t ra t ing   event  (C,) o r   n o t .  In a d d i t i o n .   t o   t h e  

' .  . , * . . -  . .  . .  . ' 1 , ' ) ?;-.'' ' 

. .  I 

t h r e e   1 0   b i t   a d d r e s s e s   a s s o c i a t e d   w i t h  a-n HET event ,  w e  r e q u i r e  2 b i t s  

. 
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4 

on Figure  1.V-3 r e f e r  t o  s t o p p i n g   p a r t i c l e s  ( A X 3 ) ,  s topp ing   heav ie s  . .  
P 

( A 3 C 3 ,  thrc:sholds f o r  tic and abovc) ,  p c n c t r a t i n g  h c a v i c s  Ai3C3 (A and 

C 3  > 2x minimurn), a n d  a i l   p e n e t r a t i n g   p a r t i c l e s  (AX3). The  nany 

k 
i 

, .  . .  

.. 

Figure  IV-3, t h e r e   a r e   i n   f a c t   o n l y   t h r e e   d i f f c r c n t i a l .  p u l s e  h e i g h t  

analyzers  17.i thin  the  experiment and they  aye  block  shared  between  the 

HET and LE?:-I, * .  . .,- . .  - 

D. E1ectro; l ics :  

. ', 
. . .  . .  

1. Charge   Sens i t ive   Prcarnpl i f ie rs :  The cha rge   s igna l s  from ccich 

s o l i d  s t a t L   d e t e c t o r   a r e   i n t e g r a t e d  and  corrverted t o  v o l t a g e   p u l s e s  ill. 

these 'a rnpi i f ie rs   which  a re  s i m i l a r  t o  t h e   u n i t s  used  s u c c e s s f u l l y  on: 

IMP'S F and G and OGO-F. Whi l e   t he   ex i s t ing   no i se   pe r fo rmance   ea s i ly  

exceeds   the   requi rements   o f ,   any  o f  t h e   d e t e c t o r s ,   m o d i f i c a t i o n s ' h a v e  

be,en. made i n  .some u n i t s   t o  accommodate. t he   ve ry  w i d e  .range  over  which 

l i n e a r  res ponse is requi red .  

-_  

2. Shaping  Amplifiers and Linear   Mixers: ,   The  vol tage  s ignals   f rom 

the   p reampl i f i c r s   a r e   shaped  by a c t i v e l y   d i f f e r e n t i a t i n g ,   i n t e g r a t i n g  
'(' * 

and d i f f e r e n t i a t i n g   a t ,   e q u z l ,   t i m e   c o n s t a n t s  $nile be ing   ampl i f ied  as 

! 

. .  
.... . . .  . 

\ 

necessa ry .  The t i n e   c o n s t a n t s  w i l l  probably be chosen t o  b e  - 0 . 8 ' ; ~ s e c s ,  
. .  . .  

a . l l owing   fo r   t he   cha rge   co l l ec t ion  time fo r '  some o f  the  t h i c k e r   d e t c c t o r s  
*. 6 



. .  

t , ? h i l c .  s t i l l  g t v i n g  ~ ~ C < G Z ~ C  signnI.- to- ;n~sc cl;;cl 1;I;h cour,t 1 + 3 t ~  

c a p a b i l i t y .  The High Encr:;y D a t c c t o r  a l s o  r c q u i r e s  n l i n e a r  mixer 

t o  sum C and C2 l i n e a r l y   f o r  p u l s e  h c i g h t   a n a l y s i s .  
9 

I . '  

3 .  D i s c r i m i n a t o r s   a n d   L o g i c   C i r c u i t r y :   V e r y   s t a b l e ,   t u n n e l   d i o d e  

' , d i s c r i m i n a t o r s  a r e  used as  t h r e s h o l d  dev ices  t o  sct u p   t h c   r e q u i r e d  

l o g i c   c o n d i t i o n s   a m o n g s t  the v a r i o u s   d e t e c t o r s .  Wc have  used i h c s c  

c i r c u i t s  extensively i n  tile I>ip and OGO s e r i e s .  T ~ C  coincidence/ 
I 

, 
a n t i c o i n c i d c . n c e   l o g i c   w h i c h   f o l l o w s  is q u i t e  c o n v c n t i o n a l .  

4 .  P u l s e   H e i g h t  Analyzers: F a s t   i n t e g r a l   p u l s e   h e i g h t   a n a l y z e r s  

a r e   r e q u i r e t  f o r  LET-I and LET-IT. The 3 d i f f e r e n t i a l  p u i s c  h e i g h t  

a n a l y z e r s   r e q u i r e d  a r e  a u r   s t a n d a r d   u n i t s  u s i n g  a 24iiiZ B9C. Convc-rsioTL 

w i l l  be  t o  10 b i t s .  The p u l s e  h c i g h t   a n a l y z e r   c o n s i s t s  of a l i n e a r  

gate,  b u f f e r   a m p l i f i e r ,  d e l a y  c i r c u i t r y  a 2 d  t h c  A t o  D c o n v e r t e r .  
. .  

5 .  D a t a   S y s t e m :   T h i s   e x p e r i m e n t   u s e s   a n   e x t c a s i v f   d i g i t 2 1  d a t a  

I 

s y s t e m   t o   a c q u i r e  t h e  mass o f   s p e c t r a i  an; f l u x  i n f o r i l l a t i o n   r c q u i r c d .  

- i n g - b l o c k  u s e d  th roughou t   t he '   sys t em is an   8 -b i t   coun te r   w i th   compan io r l  

8 - b i t   s h 2 f t   r e g i s t e r ,   t r a n s f e r   g a t e s  and   c io l i t ro l   log ic .  One o f .  t h c s e  

is . , u sed  t o  a c c e p t   e a c h  ADC o u t p u t   d i r c c t l y   a n d   t o g e t h e r   w i t h   t h e   g a i n  

_. 

\ 

c h a n g e   b i t ,  makes u p  a 9 - b i t  p u l s e  he igh t   word .   Three  of  t h e   b a s i c  

b l o c k s   a r e   c o i l n e c t e d   t o g e t h e r   t o   f o r m  a 2 4 - b i t   c o u n t e r   f o r   t h e   r a r e  

c h a n n e l s ,   a n d   t h e   i n t e r c o n n e c t  of t h e   s h i f t   r e g i s t e r   a l l o w s   f o r  

l o g a r i t h m i c   c o m p r e s s i o n   t o  10 o r  12. b i t s ,  The i n c l u s i o n  of a s h i f t  

*. 

7 

a r e g i s t e r   f o r  ,each c o u n t e r '   r e g i s  t e r  a l l o w s  us t o   t a k e   d a t a   b a s e d  on 

. t i m i n g . o r   s e c t o r i n g   i n f o r m a t i o n   a n d   s t o r e  i t  i n   t h e   s h i f t   r e g i s t e r  To 
v ,  

1 ,  
, .  

. .  

. I  

, .  ~C . .. 

. .  
.- . . .. - 
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by > 300 m i l l i o n   d e v i c e   h o u r s   i n   s p ~ c e  on i:.ip's D, E, F and G w i t h  o n l y  . 

2 p o s s i b l e  dcvicd C n i l u r c s .   ~ n 2 1 . y s i s  ii3s sho.c..-n t h a t  it is inTr0bably 

t h a t  t h e   f a i l u r e  was in the hiOS device  in t hcsc   ca ses .  They a r e   e x t r e m e l y .  

r e l i a b l e   d e v i c e s .  The c i r c u i t  l a y o u t  and i n t e r c o n n e c t   a r e   e s ~ c t l y  those 

.which  have  been u s e d  on IMP-'L. A l a r g e r   c h i p   c o n t a i n i n g  t:?e c l r c u i t s  

o f  t h ree   p re sen t   ch ips  is c u r r e n t l y   u n d e r z o i i l g   q u a l i f i c a t i o n   t e s t i n g  

f o r  u s e  on, I>.? H and J and the   P l ane ta ry   Exp lo re r s .  If t h e   q u a l i i i c a t i o a  

c o n t i n u e s   s u c c e s s f u l l y ,  we vrould plan t o  u s c   t h e   l a r g e r   d e v i c e s   t o  1 

I 
' s impl i fy   t he   i n t e rconnec t  and g i v e  u s  more ~7eight   marg in .  

6 .  P o ~ j e r  Suppl ies :  The experiment w i l l  r e q u i r e .   a p p r o x i m a t e l y   s i x  

low v o l t a g e s   t o   s u p p l y  tile e l e c t r o n i c s  systems and f i v e   h i g h e r   v o l t a g e  

b i a s e s  f o r  tke . s o l i d   s t a t e   d e t e c t o r s ;  . The3.e will rangc!  from - 25 v o l t s  

. t o  - 600 vo1t.s w i t h  a c a p a b i l i t y  .of u p  t o  5 p amp per d e t e c t o r .  

7 .  S ' ec t c r ing   ~ys t cm:   S ince   P ionee r s  F G G w i i l  s u p d l y   s e c t o r i n g  

, pu l ses ,  we will use.   the   see-Sun/Star   pulse   and  the x8 p u l s e s  . t o   g e n e r a t e  . :: . .  

~. . . e ' lec t ronic .a l ly  8 e q u a l s e c t o r s   i n   t h e   r o t a t i o n   o f   t h e   s p a c e c r a f t ,  , o rgan ized .  .. 
-. 

around '   the   de tec tors   see-Sun/S   ta r .  
'1 

8.7. S o l i d   S t a t e   D e t e c t o r s :  A l l  device: ;   included  in   this   proposal  

, a re   commerc ia l ly  a v a i l a b l e  devices  which are  procured  to  o u r  r i g i d  :. 

s p e c i f i c a t i o n s .  They a r e   t h e n  tes ted and ana lyzed   i n   ou r   spec ia l  

l a b o r a t o r i e s .  O u r  exper ience   wi th   these   devices   over   the   pas t  4 

y e a r s   i n  OGO and, DIP exper iments   has   been   exce l len t .   Other   exper ixenccrs  

have  had  greater  than 5 y e a r s   s u c c c s s f u l   f l i g h t   h i s t o r y  on a la rg i :  g Z o ~ 1 p  

of these  dcviccs   (Wil l iams et '  a l . ,  1963 38C). The e x t e n s i v e   t e s t i n g  O f  

. .  . . ... 

- I  

. 
f 

.. . . .  . .  
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S ~ A C , ~  T l  tsl.,: C b ~ t c ; :  (?,ovc, ' i ' rn inor  and U i l l i a n ' s )   a n d  tilc S n t i o n a l  
E 

' Bureau of S ia i ldar i l s  (Co leman) ,   has   r e su l t ed  i n  nucn new itnowlcdge on  . 
1 * .  

hoi.7 t o   b c s t  u s &  thcsc   dcv iccs   (Co lcman ,  Love, T r a i n o r  anci \ l i l i i & c - t s 8  

1968a; 1968b) .   Th i s  work is  c o n t i n u i n g ,  a s  is t h e   c o l l a b o r a t i o n   w i t h  

' Dr. Joseph Colcann of 85s. Vnen purchased from, a . rc1Lablc  Company t o  

i 

k r 
f 

1 a s t r i n p , c n t  s p c c i f i c a t i o n  and when c a r c f u l i y  t e s t e d  and   ana lyzcd ;  wi: 

have shown t h a t   t h c s e   d c v i c c s   a r e   e x c e l l e n t   a n d   r e l i a b l e   p a r t i c l e  

d e t c c t o r s  f o r  s p a c e   r e s e a r c h .  

E .  'E:cchanlcsl SVSCC;;~S:  

Our  proposed  zount ing f o r  the cxpc r i i ; ' ~cn t   de t ec to r   sys t ems  i s  shoW;i 

s c h c n a t i c a ! l y  'in F i g u r e  IV-LC. LET-I and I1 a r e   u n i d i r e c t i o n a l   a n d  

look  o u t  p e r p e n d i c u l a r   t o   t h e   s p i n  a x i s  as shown. I f  there wcse a need 

t o  t i l t  thc,m t o w a r d s   t h e   s p i n   a x i s   i n  cb,e away-f rorn-ear th   sense ,   in  

order t o  avoid  a poss ib l e  s o l a r  a r r a y  DX: boom, LhLs c a n  b e  dofie. 

O n . t h e   o t h e r   h a n d ,   t h e  EiEf is L i - d i r z c t i o n a l   i n  i t s  r e s p o n s e ,  anc' 

c a n   t o l e r a t e   o n l y  N 0.050 gm/cm2 o f  i r , a t c r i a l   fo rward  of  d e t e c r o r  A ,  

and N 0.25  gm/cn2 i n  ' t h e   b a c k   d i r e c t i o n ' .   A c t u a l l y  we i n t e n d   t o   u s e  a 

m u l t i p l c  t h i n   t i t a n i u m   f o i l   a p p r o a c h ,   a s   h a s - ' p r o v e n   s u c c e s s f u l   o n  Ii.11' 

and OGO. b.s shown i n   F i g u r e ,  I V - 4 ( B ) ,  t h c  detec tor   asscnlb ly   mus t   be  

i n  Some sort: of b u b b l e   o r   e n c l o s u r e   o u t s i d c   t h e   n s i n   b o d y   i n   o r d e r   ' t o  g e t  

t h e   c l e a r  look  a n g l e s .   A d d i t i o n a l l y ,   i f  we were -mour.ted o n  face 1 

\ 

( F i g u r e  I V ( A ) )  'and a boom v7as a l s o  extended away from t h i s   f a c e ,   t h e n  we 

would have t o  c a n t   t h e   d e t e c t o r s  look cone t o  the r i g h t  o r  l e f t  t o  a v o i d  '( , .  

t h e   o b s   t r u c  t i o n .  

. .  c 

, . -. 
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! 

I 
I 

I 

c 

' . b u b b l e   o r  a b o s . o f  some s o r t .  We ' nave   inc luded   the   weight  of  t h e  honey- 

' comb b a s e p l a t e   w i t h i n  ,our  w e i g h t  a n a l y s i s .  

' T4c e s t i m a t e   t h e   e l e c t r o n i c s   s j ' s t c m ~  b r i l l  r e q u i r e  - 300 C U .  i n .  w i t h  

a. . l a rge   nu f ibe r '  of f o r m   f a c t o r s  a v a i l a b l e .  The a c t u a l  i o r n  t a k e n  can,  tc 

d e t e r m i n e d   ' i n . o r d e r   , t o   e f f i c i e n t l y  use  t % c   ' a v a i l a b l e  spacc. I n  view 

of t h e  l a r g e  number of w i r e s   c a r r y i n g  low n o i s e   s i g n a l s   f r o m  the d e t e c t o r  
i 

a s sembly ,  j t  is  c l e a r  'i!iat it is neccs.sa-y .fos t h e   m a i n   e l e c t r o n i c s  

i 

i 

. . .  

' a s sembly   t o  be  q u i t e  c l o s e  t o  the. c i e ~ e c t o r   a s s e m b l y .  

l o n g   l i f c   . f o r   t h e   s o l i d  s t a t e  d e r e c t o r s .  The -_ p i o n e e r  F & G c o z p a r t m e n t  . _ .  : - 

s p e c i f i c a t i o n  of -20° t o  +30°F i s  a c c e p t a b l e ,   b u t  we w o u l d   p r a f e r  a 

- l o 0  t o  +2OOC r e g i o n   i f  a c h o i c e  i s  a v a i l a b l e .  The p e r f o r x a n c e   o f   o u r  

d e t e c t o r s   a n d   e l e c t r o n i c s  a r c  s u c h   t h a t   c h a n g e s   d u e , t o  temperature o v e r  
* ( l  

-.. t hese  r a n g c s   a r e   n o t   o b s e r v a b l e   i n   t h e   d a t a .  
. "  

G. Environoicn La 1 ? r o b  lens : .f 
In addition t o  possib'ic p r o b l m s  with n i c r o n c t c o r a i d s   v i : i c h  w d  

h a v e   a l r c a d y   d i s c u s s e d ,   t h e   p o s s i b l e   p r o b l c n s  of r a d i a t i o n  dama2;r: 

c o n c e r n e d   w i t h  t h e  J o v i a n   e n c o u n t e r  must: b e   e v a l b z t c d .   S i n c c   t h L s  is 

c 
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'. 
i a r c   e x c e l l e n t   c h o i c e s .  A d d i t i o n n l i y ' ,  the h igh  c n a r g y  e l e c t r o n  ,belt s 
I 

p r e d i c t i o n s  Eggen w h i c h   a r c   r e p e a t e d   i n  ? - Z O O  a r e  d,erivecl i n  a Iruch 

d i f f e r e n t   f a s h i o n  and a r e  s u b j e c t  t o  huge u n c c r t a i n E i e s .   I n   s h o r t ,  

1 t ~ c  havc no cor , f idence   tha t   the   p ro tons  w i l l .  b e  l i m i t e d   t o  a belc a s  
I 

. suggested i n  Zcc t ion  4.2. '2 0 f . P - 2 0 0  but  e:cjt-ct t o   f i n d  them throughour 

the   r eg ion  where the c l e c t r o n s  are shown 'as well .  A t  t h i s   t i m e  we know 

damage a re   t he   de t ec to r s   t hex i se lves  and the  NOS t r a n s i s t o r s   i n   t h e  

da t a   sys t em.   In t eg ra t ion  of t h e   e l e c t r o n   f i u x e s  show3 i n   F i g u r e  4.2.2 .. . 

14 - 10 ,/cm2 of p e n e t r a t i n g   e l e c t r o n s   b e f o r e  damage e f f e c t s  become 

n o t i c e a b l e  a t  a l l  f o r  o u r   s o l i d   s t a t e   d e t e c t o r s .   S i n c e  we have no 

ene rgc t i c   p ro ton   f l ux   p red ic t ion ' s ,  we can  o a l y  c h i c u l a t e  what is 

r e q u i r e d   t o  do  danage t o   o u r   d e t e c t o r s .   D e t a ' Z c d   r a d i a t i o n  damagG , 

t e s t i n g  on s o l i d   s t a t e   d e t e c t o r s   h a s   b e e n   c a r r i e d   o u t   a t   t h e  Goddard 

. .  
. .  . .  

. .. . .  . .  t 

a Space   F l igh t   Center   over   the   pas t ,  two years  and i s .  c o n t i n u i n g   i n  

CQnjUnCtiOIl with  the  Nat ional   Bureau of Standards.   Th ' is  work has 

.. ' L 
* \  

. .  

c 
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i n  t h e  way i n  vh ich  w e  o p c r n t c  t he  d c t c c t o r s .   F o r   p r o t o n s   w i t h  

encrg ics  g r e a t e r   t h a n  4 o r  5 XeV, o u r   d e t e c t o r s   c o a i d  to lc ra’ ie  s 

f l u c n c c  of at l e a s t  lo1’ protons/cn’  be fo re  any  n o t i c e a b l e  c f l f c t s  

o c c u r r e d .  T h e  Eggen  proton r,:odei p r e d i c t i o n s   w o u l d   b c  s c v c r a i  orders 

set;;..; t h a t  TJC have a c o m f o r t a b l e  n a r g i n ,  t i l e  fluxes thcrc! will be  

known o n l y  wk,cn someone sends a n  i.nstl-umen1: t h e r e .  

The c a s c   f o r   t h e  N O S  t r a n s  is tors i s  SOcieWhat more c o n p l i c a t e d .  
. .  

T h e y   . a r c   S e t t e r   s h i c l d c d   r h a n  t h e  s o l i d  s t ~ r e  cc tec too r s ,  s o  t h a t  pro5t -  

b l y  o n l y   p r o ‘ l o n s   w i t h   e n e r g i e s   g r e a t e r  ths7-i - 30 3ieV 0.r e lecrrons  w i c k  

e n e r g i e s   g r e s c e r   t h a n  3 XcV will p c n c k r a t e .  Nxch o f  t h e  ‘ s o l i d  acg1.e [ 

will b’e s h i e l d e d   e v e n   f r o n  ,more e n e r g e t i c   p a r t i c l e s .  With tkiis I n  
i 
I h 

mind, we csti.rnatc t h a t   t h e   e l e c t r o n  damage cffccLs Will dorainate ,  ji;st. -. F F 

a s   i n   t h e   c a s e  of a s y s t e m   o r b i t i n g  i n  the  Earth’s  r a d i a t i o n  be’!.ts. 

Detakled  work done a t   t h e  G o d d a r d   S p a c e   F l i g h t   C e n t e r   o n   t h e   r a d i a t i o n  

f 

‘ I  , .  

k -. i 
5 

damage e f f e c t s   o f   p e n e t r a t i n g   . e l e c t r o n s   o n  t h e s e  XC)SFETS h a s  shown 

t h a t   t h e y   c a n   t o l e r a t e  2 lo1* e l e c t r o n s / c n *  ,of ;e&e.ral XeV before  

gb te  t h r e s h o l d   e f f e c t s   b e g i n   t o  a f f e c t  c i r c u i t   p e r f o r m a n c e .   F l i g . h C  

exper iments   on  El? D ,  E a n d   e s p e c i a l l y  F h a v e   S h a w n   t h a t   t h e   d e g r a d i -  

t i o n   e f f e c t s  measured i n  s p a c e   f o r  a g i v e n  f l u e n c c   h a v e   b e e n  sma??cr 



j o r  p o s s i b l y   a n n e a l i n g .  I n  a n y   c v c n t ,  i t  a g a i n  s c c m  t h a t  w e  havc  a 

s 

of  magnitude n o r e  s c r i s i t i v c  to t h e  radiation dari,age e f f e c t s  of  a 

g i v c n   f l u e n c e   t h a n   t h e  normal device  of t h a t  t y p e .  The d a t a  a v a i l -  

a b l e   t o   u s c  (Xcw Noons Progran  f o r  t he  u s e , o f  XG's i n   s p a c c )   s u s g e s t s  

t h a t   t h i s  is p a r t i c u l a r l y  a problem w i t h  b i p o l a r   t r a n s i s t o r s  and 

j u n c t i o n  tSi,odcs. O u r  a p p r o a c h   h c r c   h a s  bccn t G  d e s i g n   a n   c l c c t r a n i c ;  

systcin t h ~ i :  has many p a r a l l e l  p a t h s  i e n d i n g  t o  d a t a  outpu'i  t o  t h e  

s p a c e c r a f c ,  s o  thatl a p a r t i c u l a r   d e v i c e  f a i l u r e  lcacis t o  a r21ininurn 

. .  . . .  
loss o f   i r , f o r m a t i o n   i r o n  t h e  e x p e r i m c n t .   A l t c r n a t i v e l y ,   i f   d c s i r c d  

by the p r o j c c t , w e   c o u l d  use semiconduc io r s   wh ich   have   been   s c reened  

b y   r a d i a t i o n   e x p o s u r e  and t e s t :   i n   o r d c r   t o   d i s c o v e r   s u c h   " m a v e r i c k s . '  

' _  

-- 
. f  

M, E l e c t r o n 2 0 r d c t i c   I n r c r f c r e n c e :  
I-&- 

Our p a s t   e x p e r i e n c e  leads  u s  t o   b e   c o n f i d e n t   t h a t   t h i s   e x p e r i m e n t  

w i l l  n o t   b e  a s o u r c e   o f   e l e c t r o n a g n e t i c   i n t e r f e r e n c e .   S i m i l a r l y ,  wc 1 

-"are a b l e   t o   b u i l d   t h i s   e x p c r i n c n t  s o  t h a t . w e   a r e '   v i r t u a l l y   i n n u n e  t o  

s u c h   i n t c r f c r c n c e .  As a n   e x a n p l e ,   o n e  of us has a s o l i d  s t a t e  d e t e c t o r  i 
i 

' .  . .  

e x p c r i m c n t   w i t h   t h r e s h o l d s   s e t   a t  30 KcV a n d   s e e i n g  no i n t e r f e r e n c e   o n  

OGO-F, one of  t h e   d i r t i e s ' t   s p a c e c r a f t   f ' r o k   t h e   p o i n t  of vic1.7 of e i e c 2 > 6 -  
. .  

-, 
magnc t ic i n t e r f e r e n c e .  

< 

. -  
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J. Tc1cmcl:ry Ass ignments :  

' Our implema'ntation of t h i s   expe r imen t  i e n c l s  t o  a d e s i r a b l e  cxpcrincnt 

s t o p  d a t a  c o m ~ ~ u t a t i c n s / t r a n s f e r s  and f r eeze  the -_ data i n  the  ou tpu t  

' r e g i s t e r s   i n   a n t i c i p a t i o n  of r e a d o u t .   S i m i l a r l y ,  we prefer the .   27-b i t  

a 3 - b i t   g a t e  word ,  ' 

I n t e r n a l  t o  the  experiment ,  'we w i l l  commutat'e'rhe  various pha J 
addresses  and the  many r a t e s   i n t o  a synchronized  sequence  of   12-bi t  

r e s p e c t   i v e l y  . 
Y* 

.. 
. ,  

i 
I ! 
I 

\ 

, .. .. 



words, 1 d i g i t a l  subcom  and  one b i - l e v e l   i n d i c a t o r ,  

I<. i-!cir,ht IIncllyiis: 

. .  . 

Our assignment of 4 . 3  pounds s ' t i l l  appears  t o ' b e  adequa te ,  b u t .  wit.1, 

some u n c e r t a i n t y   i n  view of t he  many unkn:swns of  the  mechanical   nount-  

ing  schemes.   Addit ional ly ,  as  p o i n t e d   o u t   i n   o u r   o r i g i n a l   p i o p o s a l ,  

ou r .deve lopcd ,   p roven   c i r cu i t ry   u ses  many par t s   which  a r e  n o t  on the  

P ioneer  Par1.s L i s t ,  and changes i n  many o f  t h e s e   p a r t s  will s i g n i f i c a n l l y  

a f f e c t   t h c  t;cig111:. Plost  of t h e   d a t a   s y s t m  is t o  b e  b u i l t  u s i n g  MSI/LSI 

NOS. Most o f  t h e   l i n e a r   c i r c u i t r y  w i l l  b e  b u i i z   u s i n g   t h i c k   f i l m  

s u b s t r a r c s  Efficient; p a c k a g i n g  a f  thcsc  t ; h i c k  fiim . -  c i r cu i t s  raquiros 

the  use of low p r o f i l e ,   d u a l   t r a n s i s t o r s   i n  TO-89 ceramic  packages,  

f o r  instance:.. A v e r y   d e t a i l e d   p a r t s   l i s t ,   p a r t s   q u a l i f i c a t i o n  and 

weight   ana lys i s  is  i n   p r e p a r a t i o n ,  ! 

, .  

e:  

. L. Power  Hequircmen t s :  

Based on a 28 v o l t ,  1% power sou rce   t o   d r ive   t he   conve r t e , r s ,  we 

c a l c u l a t e   t h c   r e q u i r e d  power from t h a t  28 v o l t   b u s   a s   2 . 2   w a t t s .  

M; Projec t   Engineer :  
_ -  

I As def ined   i n  Document P-200 of t he  Ames Research  Center ,   the  

Pro jec t   Engineer  f o r  th i s   exper iment  i s  Donald S t i l w e l l ,  Code 611, 

Goddard  Space F l igh t   Cen te r .  " 

N .  Qual i ty   Enqinecr :  

@. 
.. 

* ,  

Mr. Harry 'Doyle,  Code  312,  Quality  Engineering  Eranch, GSFC, has 

been   a s s igned   t empora r i ly   t o   ove r see   t he   qua l i t y   eng inee r ing   a spec t s  

of the  experiment.   The work: of he  and h i s   a s s o c i a t e s   t o  d a t e  has  
- * .  

' L  
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V. DATA POLICY: 

- 3 6 -  

b 
6 

a d d i t i o n  the solar piasma d e n s i t y  and v e i o c i L y  would  be important. Ve k 

would  propose m a k i n g   p o r t i o n s  o f .  our da t a  Gvai lab le  on a ' s h o r t  time 

' s c a l e  or p e r h a p s  on t h e  o r i g i n a l .  d a t a  t a p e .  In r e t u r n  we would l i k e  t o  

o b t a i n  s i m i l a r  averaged q u a n t i t i e s  from t h e  plasma and m a g n e t i c   f i e l d  1 



. .  

VI. E f f e c t s  of K T G  

We undcist;nd t h a t  t h e r e  i s  a d e f i n i . t e  p o s s i b i l i t y   , t h a t  a r a d i o -  

i s o t o p e  power supply (RTG) will be  used as t h e   s p z c e c r a f t   p o w r   s o u r c e  , 

on  Pioncers F &G. To, d e t c r n i n c   v h c t h e r   r a d i a t i o n   f r o m   t h c  RTC would 

i m p a i r  tE,c ope ra t ion  of o u r   d e t e c t o r s  we esposcd  s o n e  sample   dc t cc to r s  

similar t o  t h o s c  we w i l l  u s e   i n   f l i g h t  t o  t h e . r a d i a t i o n  from a SSXP-27 

gene ra to r  a t  TNJ Systems. T h e  deviccs  used were a 25  m2 area ,  50 

micron  tI;?lck s i l i c o n   s u r f a c e   b a r r i e r   d c r e c t o r  and a ' 5 0 0  n m "  3 a r e a ,  3 m 

t h i c k   l i t h i u m  d r i f t  de tec tor .   Pulse   hc , igh t   spec t ra   were   t aker ,  a t  

var ious   d i . s tances   f rom  the  RTG. I n t e g r n l   c o u n t   r a t e   f o r   t h e s e   d c v i c c s  

at a d i s t a n c e  of 10 ft. ( t h e  mos t   p robab le   dFs t ance   i n   t he   spacec ra f t )  

a r c  sh0.t.m i n   F i g s .  V I - 1  & V I - 2 .  The e f f e c t s  we expect  on each of ou r  

d c t c c t o r s  a r e  o u & l i n c d  as f o l l o w s :  

Qmr;-den?e 

.I 

a: 

I 

. .  

c 

.. 1 L 

! 

1,. P E :  The d a t a   i n   F i g .  V I - 1  from t h e   l i t h i u m   d r i , f t   d c s i c e  

i.s. r e l e v a n t   f o r   t h e  HET. From t h i s  data we expec t   t ha t  . ... . .  
.1 . . 

no effect; will he s c i n  in t kc  co inc idence  mode sf d p e r e t i o n .  , .  . . . .  
_ -  

of t h e  t e l e scope  (50-500 Mev/nucleon).  The  background.?'. 

. i n t e n s i t y  from t h e  RTG i s  much t o o  smal l  t o  produce  any 

a c c i d e n t a l   c o i - n c i d e x e s .  We expec t ,   however ,   tha t   s ing le  

r a t e s   i n  a l l  elements of t he   t e l e scope  w i l l  b e   a f f e c t e d .  

Our  l owes t   t h re sho ld   i n   t hese   dev ices ' tT i l1  be - 100 kev.  . 

From Fig .  VI-1 t he   coun t   r a t e   above   t h i s   t h re sho ld   f rom 

the R T G . w i l l  be - 60 c t s / sec , .  A f ac to r   o f   fou r   r educ t ion  

i n  t h i s  i n t e n s i t y  may be  p o s s i b l e  by p r o p e r   o r i e n t a t i o n  

'7. 



. .  .. . L. 

t .  

. .  
' !  

2 .  

! 

"3 , ,. 

-.. 
x. . 

of t h e   s i n g l e s   r a t e s  w i l l  be   s i ; ; n i f i can t ly   r educed .  

. . *  

-ic LET-11: The d a t a   i n   F i g .  11-2 ( c o r r e c t e d   f o r   d i f f e r e n c e s  

i n   d c k e c t o r  a rea  a n d  t h i ckness  a?ld ,RTG o r i e n t a t i o n )   p r e d i c t  

N 1 c t l s c c  f o r  a 50 kev .SI d e t e c  ' o r  th reshold , .  The d e t e c t o r  ! 

s e n s i t i v i t y   t o   p r o t o n s   i n   t h e  .t)5 - 3 ?.l&v i n t e r v a l  (SI S 2  S3) 

will then  be  reciuced.  The  most  serious  problem  occurs f o r  

e lcc t ron  mcasurcmcnts i n  t . 1 ~  S 2  dc tcc$or ,  XTG background 

w i l l  p roba i ly  be of   the  order  of 5 . c t s / s cc .   Th i s   w i l - l '  ' 
c e r t a i n l y   e l i m i n a t e   t h e   p o s s i b i l i t y  of g a l a c t i c   e l e c t r o n  

-- I 
I 

. .  , . . - .  
. ,  

. . . ,. 

I n  s u m a r y ,  we expect  no d i f f i c u l t i e s   w i t h   p r o t o n s  and heav ie r  . 

F ,  p a r t i c l e  measurcmcnts i n   t h e  3-500 Xev/nucleon   in t ,e rva l .   In   the  50 

kev t o  3 Mev r c g i o n   d e t e c t o r   s e n s i t i v i t y ' t q   b o t h   p r o t o n s  and e l e c t r o n s  
. ,  

, . . )  1 will be   se r ious ly 'keduced ,  We would  e s t i m a t e   t h a t   t h e   t o t a l   u s c f u l -  

' ness of  'the experiment would be  rcduccd by about 25%. For t h i s  

-. 
. .  



rCaSOiI  w c  !.:OUIC! Stroi?;;ly ~ Y C ~ C Y '  c solar  Ccl.1 rather t h a n  RTG SPSCC- 

' c r a f t  power sou,rce,  
. .  

A t  p scsen t  wc' f i nd  It d i f 2 i c u l t   t o  assess t h e  e f f e c t s  of shicld-  

i n g .  T h e r e   a r e  a la rge  number of  unknowns, e.g. o r i e n t a t i o n  of t h e  

RTG, p o s i t i o n i n g  of our   exper iment   in  the s p a c e c r a f t ,   o r i e n t a t i o n  of 

our  expcr imcnt   wi th   respec t  t o  t h c  XTG, and s p e c t r i l   c h a n g e s  due to 

passage  through sn5ciding. Ne no te  that a w e i g h t   e s t i n a t c  of 1.38 15' 

,of l ead   for   sh ie ld ing   our   exper iment   has   been  made by TRU, Th i s  

es t imate   ap1)arcnt ly  was o n l y   s u f f i c i e n t  f o r  s h i c l d i a g   t h e  LET-I1 

w i th  no a l i o w n c c  made f o r   t h e  LET-I and RET. Even wi th   t he  inore 

comprehens ive   t es t  data  obta ined  by u s  w c  f e e l  t h a t  'it i s  s t i l l  

impossible  i :o make an   accura te   sh ie ld ing   weight   es t imate .   These  
. -  

ques t ions  c a n  probably  only be r e so lved   ah th  a much more e l a b o r a t e  

t e s t i n g  pro,;ram inc lud ing  a more a c c u r a t e .   s h u l a t i o n  of khe ex- 
? 

. .  **t ..( 
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1. 

The GSFC e x p c r i n c n t  on t h e  P i o n e e r   s p a c e c r a f t   c o n s i s t s  of t h e  "Cosmic 
Ray Te le scopes"  and t h e i r   a s s o c i a t e d   e l e c t r o n i c s .  

T h e   d a t a  

. T h e   s o l i d  
i n   t a b l e  

1. High   Energy   Te lescope  (HET) 
2. Low Energy   Te lescope  1 ( E T - 1 )  
3 .  Low Energy   Te lescope  2 (LET-2) 

d e r i v e d   f r o m   t h e s e   t e l e s c o p e s  are of t w o   b a s i c  forms: 

1, Pulse   Height   Ana1.ysis  (PHA) 
2.. Even t s   pe r   s econd  ( r a t e s )  

s t a t e  d e t e c t o r s   c o m p r i s i n g   e a c h   o f   t h e   t h r e e   t e l e s c o p e s  are  shown 
1. 

HET U T - 1  LET-2 
A D I  SI 
B D I I  S I 1  

C I  E S I I a  
C I I  F S I 1 1  

- - -  

C I I I  

T a b l e  #1 S o l i d   S t a t e   D e t e c t o r s  Names 

, '  

The  ch ; l . rge   l ibera ted ,  i n  t h e   d e t e c t o l . ,   b y   t h e   p a s s a g e   o f   p a r t i c l e  f.s 
summed i n  a c h a r g e   s e n s a t i v e   p r e a m p l i f i e r   w h i c h   p r o d u c e s   a n   o u t p u t   v o l t a g e  
p t l l se   whose   he ight  i s  l i n e a r l y   r e l a t e d   t o   t h e   i n c i d e n t   p a r t i c l e   e n e r g y  loss 
i n   t h e   d e t e c i l o r .  

The  oucput of t h c   p r e a m p l i f i e r  i s  t h c n   p a s s e d   t h r o u g h  a p o s t  amp where 
i t  i s  g i v e n  t h e  optimum r e a l i z a b l e   s h a p e  f o r  d i s c r i m i n a t i o n   a n d   a n a l y s i r !   w h i l e  
p r e s e r v i n g   t h e   a m p l i t u d e - e n e r g y   r e l a t i o n s h i p .  

t r o n i c s  card where   t hey  are d i f f e r e n t i a i l y   b u f f e r e d   a n d a p p l i e d   t o  a hos: of 
a m p l i t u d e   d i s c r i m i n a t o r s .   T h e   n o m i n a l   d e t e c t i o n   t h r e s h o l d   f o r   e a c h   o f   t h e  
discriminatcrs i s  shown i n  T a b l e  2 .  

T h e   p u l s e s   o u t  of t h e   a m p l i f i e r   a r e   f e d   t o   t h e i r   a s s o c i a t e d   l i n e a r   e l e c -  

_. 
 HE^ LET- I LET-2 

DJscrim.  Threshold (MeV) Discr im.  Threshold  Discrim.  Thresh0:l .d 
A I  G.2  D I  .2 SI .15 
A2 2 .o J5.3 b 

- 
1 

4.5 * 

.05 
9.4 ." 

.if." /i .5 
2 0 , , P .o 

3.0 i s18. 1.5 . 
.2 t !  S I 1  .06 

B 

C I I  
! C I  

CIII 
*K 1 

8 . 2  
1.0 
1.0 

0.2 
13.6<1'<36 

El 2 .o C S I I ~  1.0 
E2 9 .o s IIa .2 

. .  



. I  

T a b l e  2 (cont  .) 

E 4  40.0 
F . 2  

*K = AfB+1.8 ( C I + C I I )  

It c a n   b e   s e e n   t h a t  A l ,  A2, E l  .... E4 are  s e p a r a t e  and s i m u l t a n e o u s  
d i s c r i m i n a t i o n s   w h i l e  D L 1  ... DI8, S I  l , . . . S I & , ' a n d   S I 1  l...@j3 are   programmable 
d i sc r imina to r s .   These   p rog rammable   d i sc r imina to r s  are sI>ved e i t h e r   t o   t h e )  Y! 
t e l e m e t r y   f r m e  r a t e  o r   t o   t h e   s p a c e c r a f t  r o l l  ra te .  

s i b l e ,   a n d   t o   d i s t i n g u i s h   b e t w e e n   t h e   v a r i o u s   s p e c i e s   t h e r e i n ,   t h e  experi-  
ment  has  bui:..t  i n   a n   e l a b o r a t e '   s c h e m e   t o  sllare i t ' s  32 a v a i l a b l e  ra te  c c u n t i n g  
cl1annels  and 3ix PJJA c h a n n e l s .  T h i s  i s  done  by  imposing  coincidence/ant  h- 
c o i n c i d e n c e   r e q u i r e m e n t s   u p o n   t h e   p u l s e s   a p p e a r i n g   i n   a n y   t e l e s c o p e .  These 
requi rements  are now discussed   on   an   ind iv : 'Ldual   t e lescope  b a s i s .  

I n  order- t o  examine as l a r g e e   p o r t i o n   o f   t h e  Cosmic Ray Spectrum as pos- 

HET SYSTEM 

PHA Data 

There  arc? f o u r   s e p a r a t e   c o i n c i d e n c e   c c . n d i t f o n s   w h i c h  will i n i t i a t e  8. 

p u l s e   h e i g h t   m a l y s i s .   T h e y  'are: 

! 
i *  

\ '  
c 
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1.. , ,  / 

%- S i n c e   t h e r e  are f i v e   d e t e c t o r s   t o   b e   a n a l y z e d   a n d   t h e   e x p e r i m e n t  h a 3  o n l y  
t h r e e r ( h a n n e l s ,   c a l l  them A ,  B ,  snd C ,  t h e   a v a i l a b l e ,   c h a n n e l s  are s h a r e d  as 
f o l l o w s :  I f  e i t h e r  of t h e  f i r s t  t w o   c o i n c i d e n c e   c o n d i t i o n s   c a u s e   t h e   a n a l y s i , s ,  
C I I I  h a s   n o   p u l s e ,   t h e r e f o r e ;   c h a n n e l  A c o n t a ' i n s   t h e   a n a l y s i s  of d e t e c t o r  A ' s .  
p u l s e ,   c h a n n e l  B t h e  analysis of d e t e c t o r  B's p u l s e ,   w h i l e   c h a n n e l  C c o n t a i n s  
t h e   a n a l y s i s   o f   t h e  sum of  t h e   p u l s e s   a p p e a r i n g  in d e t e c t o r s  CI and C I P  two 
c o i n c i d e n c e   c o n d i t i o n s   w h i c h   c a u s e   t h e   a n a l y s i s ,  CIII h a s  a pu l se   .Channe l  A i s  .l 
s w i t c h e d   t o   a n a l y z e   t h i s  @I11 pu l se .   The   o the r   channe l s   p roduce   t he  same 
a n a l y s i s .  

. .  
. -  
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To uniquely " tag"  a HA event i t  is necessary  t o  readout   the %eq. T.D," 
and "ExLernaL I.D. bits.:' 4 shown i n  t a b l e  1 H .  " I n t e r n a l  I D  b i t s "  is not   read 
out b u t  this does n o t  produce an ambiquity.  Referring t o  t a b l e  l H  f o r  S f = S Z = O t  
If  Iltl and T;=O (lowest P r i o r i t y )  the  event  is t h e  l as t  A2BCTiI event  en- 
countered (note that  the s y s t e m  will contin'ue t o  accept  new A2DCIII e v e n t s .  
wi-thout  shanginp, ID b i t s ) .  I f  I1=Q1 X*f.rl the event  is t he  l e s f  (AlBKaGX) 
B C I T i  evefit tncounfered.  If I1=12=1,   (h ighes t   p r ior i ty)  t h e  PHA's c o n t a i n  . 
t h e   f i r s t  AiRK2CITX event encountered.  Table llf may h e  read ifi sfmilar 
f a sh ion   fo r   t ke   o the r .   t h ree   combina t ion  of !;l and S2 where, i t  i s  seen ,  
t h e   p r i o r i t i e s   a r e   r e o r d e r  f o r  each  combina-ion. 

e lec t ronic   p roduces  a 1 b i t  & t h e  C L I  thre.;hold  has  been  exceeded  which i s  

-.%_-A 

P .  

" .  , A s  a f u r t h e r   a i d   i n   d e t e r m i n i n g  t h e  s p x i e s  of p a r t i c l e   a n a l y z e d   t h e  HET 

I,.. . 
L a l so   r ead   ou t   i n   t he   a s soc ia&d  t a g  word. 

1. To meet t h e   s c i e n t i f i c   o b j e c t i v e  of th;, CRT some i n d i c a t i o n  of t h e   d i r e c ' t i o n  
. t $  of the   i ncomi rg   pa r t i c l e  i s  a l so   necessa ry .   The re fo re  , for   each  PX4 even:: an  
i i n d i c a t i o n  of che   o r i en ta t ion  of  t he   spacec ra f t   (one  of e i g h t   p o s s i b l e   s e z t o r s  

is  a l s o  placec: i n  t h e   t a g  word o f .  PHP. even t ,  

Rate  Data 
,;- 

The HE" cys tem  has   ass igned   to  i t ,  9 azcumulators (R -xs> exculs ive ly '   and  
sha res  8 a c c m u l a t o r s  (SR1) on a f i f t y - f i f t a   b a s i s   w i t h  t A e ~Er-1 system.  (See 
Table  2H. 1 ~ .\ 

. . '  
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Table 2H. 

Table 22 - HET Rates 
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R e f e r r i n g   t o   T a b l e  2H i t  i s  s e e n   t h a t :  only r a t e  1. i s  n o t  comntttated, 
rate 9 i s  conmutated bctwcen f o u r  r a t e  equat ions  b y  t h e  b i t  labeled A / B ,  
and SR1 i s  commutated  between  two r a t e  e q u a t i o n s   b y   t h e   b i t s   S S 1   a n d  SS2.  A l l  
o t h e r  ra tes  are t o g g l e d   e q u a l l y  between t h e  t v o  r a t e  c q a a t i o n s  shoiqn i n   T a b l e  
2H by b i t  A/B e x c e p t   r a t e  SR1  which i s  cont*:olled by b i t s   S S l   a n d  SS2.  

Bits A I R ,  S I ,  and S 2  a r c  dcrivrd .In thi. rxpcrirncnt da ta  systcm and t h e i r  
p e r i o d s  arc b i t   r a t e  and  format  dependent i . e .  A / B  changes   every  32 S/C frames 
in LrormaL A ,  e v e r y  6r( irarnes i n  format B anti A i D ,  and e v e r y  128 S / C  frame in 
format  B/D. S1 changes ev&.rY ol-her k/B and S2  every o t h e r  S l ,   ( S t a n d a r d  
b i n a r y   r i p p l e   t h r o u g h   c o u n t e r )  

Bits SSP, SS2 ,  and SS3 a l s o  come f rom  the '   da ta   sys tem  but   in   normal  J' 
o p e r a t i o n  8re s i m u l - t a n e o u s l y   b i t  r a t e ,  format ,   and  S/C s p i n  r a t e  dependent .  

See  data  s y s t e m   s e c t i o n   € o r   o p e r a t i o n  of S e c t o r   S y n c h r o a i z e r .   F o r   t h e  
p r e s e n t   o n l y   n o t e   t h a t   i n   n o r m a l   o p e r a t i o n  ::he SS1,  SS2, and SS3 b i t s  m y  o n l y  ' 
c h a n g e   a f t e r  an i n t e g r a l  number of S I C  revol-ut ions.   Again  SS1,  SS2,  and SS3 
are g e n e r a t e d   I n  a b i n a r y   r i p p l e   c o m t e r .  

r 

L 

LET-1  SYSTElI 

PtIA Data 

T h e r e   a r e  two s e p a r a t e   c o i n c i d e n c e   c o n d i t i o n s   w h i c h  w i l l  i n i t i a t e  a 
p u l s e   h e i g h t   a n a l y s i s .   T h e y  are: 

, .  . 

1) D I  D I I .  F 
2 )  DI D I T  CD 

I 

I n  LET-1 t h e r e  a r e  f o u r   d e t e c t o r s .   S i n c e   o n l y   t h r e e   c h a n n e l s   ( a g a i n  A ,  
B ,  and C )  are  a v a i l a b l e   t h e y   a r e   a s s i g n e d  t c :  d e t e c t o r s  D I ,  DIT, and E respec- 
t i v e l y .   S i n c e   t h e   a b o v e  PtIA e q u a t i o n s   r e q u j r e   d e t e c t o r  F t o  have no p u l s e  
n o t h i n g  i s  l o s t .  The LET-1 PHA's, l i k e   t h e  HET PHA's are  t h e   l i n e a r ,   c a p a c -  
i t i v e  d e s c h a r g e   t y p e   u s i n g   t h e   f a t e d   d e l a y   l i n e   o s c i l l a t o r  e o  produce 65 KHz 
c h a n n e l  address advance  pulses .   The  channel   number  is r e l a t e d  t o  incidea:: 
p a r t i c l e  energy Loss i n   e a c h   d e t e c t o r  as f o l l o w s :  

DX - 0 3  MeV/Channel 
D I I  - 0.1 MeV/Channcl 
"E - 1,O MeV/Channel 

The LET-1 PHA sys tem f s ,  l i k e   t h e  HET s y s t e m ,   p r i o r i t y   o r i e n t e d .   T h e  r /J  
SI-0 A n a l y z e   e i t h e r   p p e  o.f e v e n t  as o ' f ten as they  occur .  
S l = l  Analyze DI DII F t y p e   e v e n t s  as o f t e n  as t h e y   O c c u r   u n t i l  DS 

-- 

IXT-1 s y s t e m   o p e r a t e s   i n   r e s p o n s e   t o  the S 1  b4 t  as follows: 

D I I  CD e v e n t   o c c u r s ,   t h e n   a n a l y z e   o n l y  the CD e v e n t s  m t i P  d a t a  is 
r e a d o u t  

The SI b i t  is t h e  s m e  b i t '   t h a t  was appl ied  t o  t h e  HET linear  electronics 
and hence, changes  every 64 S / C  f rames.  d' 

.. ' 



Rate Dnta A' . 

f The LET-7. system i s  assigned f o u r  r a t e  accumula to r s  exc lus ive ly  -: 

and shares 8 accumulators w i t h  t h e  HET systen on a f i f t y - f i f t y  basis  
and 1 accumulator i s  s h a r e d   w i t h  the UT-2 system on an equal b a s i s .  

--+ 1 --L 

1 1 

Table 1L1 

. '  
c .  
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T a b l e  1LP shows t h a t   r a t e  10 i s  the   accumula t ion  of an i n t e g r a l   a n a l y z k r  
which i s  cor~; lu taL:ed   th rough  e ight   l eve ls  by  b i t s  A / B ,  S 1  and 52, 11, 12,  and 
13 a r e  commutated  two  ways  between t h e  i n d i c a t e d   r a t e   e q u a t i o n s   b y   b i t  A / B .  
Rate  14 h a s  4 levels cf c o m u n i c a t i o n   i n   t h e  E T - 1  sys tem and a n o t h e r   f o u r  i n  
t h e  LET-2 system f o r  a t o t a l  of  8 l e v e l s  of co r in ; lu t a t ion   con t ro l l ed   by   b i t s  
A / B ,  S1,   and S 2 .  SR1 i s  commuta ted   th rough  the   l as t two,  o f  f o u r   l e v e l s ,  by 
b i t s  S S 1 ,  and SS2.  The   o the r   two   co inu ta to r   pos i t i ons  are  a s s i g n e d  t o  t h e  HET, 
s y s t e m /  "I-" 

b 

LET-2 SYSTEM 

PHA Data 

T h e r e   a r e   n o   p u l s e   h e i g h t   a n a l y s e s   a s s o c i a t e d   w i t h   t h e  LET-2 t e l e s c o p e .  

Rate Data 

Three  ra te  accumula tors  are  d e d i c a t e d  t o  LIT-2 data whi le   one   accumula tor  

T a b l e  lL;! shows t h a t  R 1 4  i s  a s s i g n e d  to LET-2 fo ' r   the  l as t  f o u r  of  i t ' s  
i s  s h a r e d   w i t l .   t h e  LET-1 system on a f i f t y - f i f t y   b a s i s .   ( S e e   T a b l e  1L2 . )  

e i g h t   l e v e l s  o f  commutation.  The  commutation o f  R14 i s  c o n t r o l l e d   b y  b i t s  
A / R ,  S 1 ,  and S 2  f rom  the   expe r imen t   da t a   sys t em.  

1L2,  by b i t s  1 , l B  and S 1. 

by b i t s  S S 1 ,  Z S P ,  S S 3 ,  f rom  the  data  system. 

R15 and P,?6 are  commuta ted   th rough  four   l eve ls   each ,  as shown i n   t a b l e  

The  sectc:red  accumulator SR2 i s  swi tched   be tween  e ight  r a t e  e q u a t i o n s  

Sec tored '   Rate   Accumula tors .  

SR1 and S22, i n   a d d i t i o n   t o   b e i n g   c o m m u t a t e d   t h r o u g h   t h e i r   r e s p e c t i v ?  
e n e r g y   l e v e l s ,   a r e   d i r e c t i o n a l l y   r e s o l v e d   i n t o   e i g h t   e q u a l   s e c t o r s   o f  45'. h 

T h e   s e c t o r s   a r e   g e n e r a t e d  as t h e   s p a c e c r a f t   s p i n s   w i t h   t h e   f i r s t   b e g i n n i n : ;  
a t  t h e  time f a   t h e   r o l l ' i n d e x   p u l s e .  Each   s ec to r  i s  a s s i g n e d  a s e p a r a t e  accum- 
u l a t o r  

2 
',x _ _  . . . x , , ,  



Table 1L2 

c 

, .  
. ,  . b 

1 



-I__- 

Data Format 

The P i o n e e r   s p a c e c r a f t  data  Eormats for format A and format B are 
shown in F i g s .  D l  and D2. 

. '  
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~ '+:. Formats A and B a re   on ly   ope ra t ing  modes i n  which  experiment  data is . 
outputed t o  t h e   s p a c e c r a f t .  The  words shown c r o s s h a t c h e d   a r c   a l l o t t e d  t o  t h e  
GSFC experiment,  It i s  s e e n   t h a t   t h e  CRT r ece ives   t h ree  M/F 12 bit words i n  
format A and  one S / S C  6,bit  word. 'En format E there i s  one  12 b i t  M/F word 
and ont,S/SC 6 b i t  wordPthe S / S C  word i s  o n l y   p r e s e n t   ( t o   t h e  CRT) i n  one SJ 
pqf each 64 mainframes  and w i l l  be  used as a s t a r t i n g   p o i n t  and  synchronizat ion-  
: c h e c k   i n   i n t e r p r e t i n g   t h e   o u t p u t  data. r 

. '  
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Figure D3-Data to Word Assignments GSFC/CRT 



li , -  

t h e   o n e   f r a m e   i n  64 whid;h I 
the CRT j.6 a s s i g n e d   t h e  SSC kid (btd 30 FMT i - l ) ,  we s h a l l  l e t  t h e   d a t a  frank,/ 
begin w i t h  t h e  next fram2 i . c . ,  i.1-k-l i n  F i g .  D3. 

I n  Franc Eu'-Sf, I:i.g,. D3 shows t h a t  word Ec c o n t a i n s  IET t a g  d a t a ,  word 
Ea c o n t s i n s  HE'r-4 (A-GetA os' Det CLII. See E ; E T  PHA s e c t i o n . )  PEA d a t a   a n d  
word EA c o n t e i n s   s e c t o r e d  r a t e  I - s e c t o r  1 (SFI-1)  d a t a . .   I n   f r a m e  N+2 word Ec 
c o n t a i n s  WET -13 (Det B j , word Ea c o n t a i n s  HE?-C (CDETCI-kDETCII), and Eb con- 
t a i n s  S R I - 2 .  '- 

LET-A (Det D I ) ,  whi le   word Eb c o n c i r l u e s   t h e   r a t e  data:  SR1-3. In   f rame 
N-I-4 LET-1 P-HA d a t a  i s  c o n t i n u e d  i n  word Ec , IET-B (Det DLI) and  word Ea, 
L,ET-C ( n e t  E )  , while  word Eb has  SR1-4. 

sequence  cont inues  in   the  manner   mcdulo  four  ). Word Eb, however ,   cont inues  , 
t o  sequence through S R l  (-5, 6 ,  7 and 8) , Sh 2 (-1, 2 ,  3 ,  LC, 5 ,  6 ,  7 , 8) 
m d   u n s e c t o r e d  ra tes  1, 2 , 3 ,  4 ,  5 , 6 ,  7 ,  8 ,  19, 11, 1 2 ,  13 , 14, 15 ,  16.  (See ', 

s e c t i o n s   o n  HET and LET r a t e s  f o r  t h e  ra te  e q u a t i o n   o f   t h e s e   r a t e s  in terms 
of d e t e c t o r   o u t p u t s ) .  A t  frar;..c Ni-33 v o r d  Eb r e a d s   o u t  SKI-1  a g a i n   a n d   t h e  
r a t e   d a t a  has c m e  Ecll cyc le  fri 32 frames.  At t . h i s  time t h e  A / B  b i t  i s  changed 
and t h e  unsec tored  r a t e  acc,umuiaturs s t e p  t o   c o u n t   o n   t h e   n e s t ,  i n  i t s  par- v~./ 
t i c u l a r  ra te  equa t ion   s equence .  The c y c l e   c l m t i n u e s  , t h i s  way f o r  31 more 
frames a t  which time (>:+64) t h e  S S C  IJd i s  a l : a i n   a p p l i e d   t o   t h e  CRT e x p e r i m n t  
and t h e   c o m p l e t e   d n t a   c y c l e  i s  begun an.ew w i t h  t h e   n e x t  (N+65) f r a m e .   I n   t h i s  
new c y c l e  (64  f r ames )   t he   PHgip r io r i t i e s   have   been   changed   (See  XEf and LET PHA 
s e c t i o n s )   a n d   t h e  ra te  accumula tors  are  o n c e   a g a i n   a d v a n c e d   t o   t h e   n e x t   r a t e  

. / / .  

I n  f r a m  N+3 f2ET-l. PFLA t a g  dnta .  5's read o u t  i n  word Ec. Y o r d  Ea c o n t a i n s  

I n   f r a m e  N-tS words Ec and Ea r e t u r n  t o  RET t ags   and  HET-A a n d   t h e   f r a n e  
I . .  

f '  

equation:, 
Th.e fxpe r i r r en t   con t inues  in t h i s  manner as long as t h e   s p a c e c r a f t  is' i n  

A description'of bow t o   e x t r a c t   t h e  exact ra te  e q u a t i o n  for each  word 
format  A 

Eb readout   and  how t o   e s t a . b l i s h  t h e  e x a c t   s o l ' r c e  of t h e  PHA r e a d o u t s  w i l l .  be 
given  fsUmring  the  Format  B s e c t i o n .  
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Ffgure D4 shows the  word  assignments ir. Format B. 0 
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.. Figure D4 Date to Word Assignments  Format B GSFC/CRT 
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P The sequence o f  r a t e   d a t a   r e a d o u t s  i s  chronologi tn l . ' ! ly  same as .  i n  

$L+~ format A ,  however, i t  should  be n o t e d  t h a t   c y c l e   b e g i n s  "frame l a t e  w i t h  / :. : 

t e s p c r t  t o  t h e  SSC Wd, i . e . ,  Sg.1-1 . iov i s  r c a d  o u t  in t h e  sP,cond f r m e  f o l -  
lowing  the SSC Wd. {frame k'92). Following t h e  r a t e  d a t a  come 32 frames of 
PHA d a t a ,  Nf34 t o  Elf65 nnd t h e  SSC Wd is once a g a i n   r e c e i v e d   f r o m   t h e  S / C  
and t h e   e x p e r i m e n t   b e g i n s   i n t o  cyc le  once aE;ain w i t h  SRl-1. 

Form A / D  B/D: 

Data S y n c h r o n i z a t i o n  1 
, - 1 '  ' 

.I 

A s  w a s   s e e n   i n   t h e  HET and LET d e s c r i p t i o n s   t h e   b i t s   w h i c h   c o n t r o l  ra te  
e q u a t i o n  a g i v e n   r a t e   r e a d o u t  was accumulated  under i s  c o n t r o l l e d   b y   t h e   b i t s  
A / B ,  S I ,  and S 2  f o r  unsec to red   r a t e s   and  SS:., S S 2 ,  and SS3 f o r   s e c t o r e d  
r a t e s .   T h e s e  b i t s  a re   readout   once   each  64 frames b y   t h e  SSC Wd (Wd 30, 11-2) 
i n  the   fo rma t  shown  below: 

. ,- 

@2-SI-A/B-SS3-SS2-SSl 

T h e   u n s e c t o r e d   r a t e   c o u n t e r  i s  advanced  each 32 frames  on  Format A and  each 
64 f r ames   i n   fo rma t  B .  I n  a d d i t i o n ,   i n   f o r r m t  A t h e   u n s e c t o r e d  ra te  count .er  
LSR i s  r e s e t   b y   t h e  SSC Wd and will t h e r e f o r e   b e   e q u a l   t o   z e r o  a t  readout  time, 
The   number   r eadou t   i n   b i t s   (52  , S l ,  A / B )  w i I I  always  advance  by  two  and be a n  
even number (i . e . ,  A / B Z 1 ) .  I n   fo rma t  €3 t h i s   f l i p - f l o p  i s  n o t  reset and w i l l ,  
t h e r e f o r e ,   a d v . n c e  by  one  each SSC \?d readolrt:. 

The b i t s  < S l y  S S 2 ,  and S S 3 ,  of t h e  s ec to red  r a t e   c o u n t e r   a r e   d e p e n d e n t  
upon  the  S / C  s p i n   r a t e  a n d   t h e r e f o r e  may change   a sychronous ly   w i th   t he  S2,  ,--, 

S 1 ,  A/R  b i t s .   T h e r e f o r e   i n   o r d e r  t o  give a c l o s e r   i n d i c a t i o n   o f  when t h e  ': 
c o u n t e r  was a d ~ a n c e d   t h e  SSP b i t  o t   t h e   c o u r , t e r  i s  r e a d o u t  as b i t  #7 (ESB+S) 
of t h e  HET-tag  word  (See F i g u r e  DS). The c r i t e r i a   a p p l i e d   t o  determine which 
r a t e   e q u a t i o n  .1 r e a d   o u t   s e c t o r e d  r a t e  was accumulated  under i s  dependent  on 
G h e t h e r   o r   n o t   t h e   e x p e r i m e n t   h a s  i t s  s e c t o r   s y n c h r o n i z e r   o n   o r  o f f .  The 
s t a t u s   o f   t h e  s . s .  i s  found by e x a m i n i n g   b i t  8 ( I S B i - 4 )  of t h e  HET-tag  word. 

7, 

Sector  Sync I n h i b i t e d  

T h e   s e c t o r e d   r a t e   d a t a   s h o u l d   b e   t r e a t e d   i n   t h e  same manner as t h e  
u n s e c t o r e d  ra te  d a t a ,  i . z .  t h e  S s e g  I D  readout  i n  Wd 30 (SSC Vd) i n d i c a t e s - .  
the r a t e   e q u a t i o n   u n d e r   w h i c h   t h e   f o l l o w i n g  16 s e c t o r e d   r a t e   r e a d o u t s  were b 

accumulated.  E.G. I f   t h e  S s e g  I D  i n  Wd 30 were 3 t h i s  w o u l d   i n d i c a t e   t h a t  
. t h e   f o l l o w i n g   s e c t o r e d   r a t e   d a t a   w e r e   a c c u m u l a t e d  as fo l lows:  

.$ 

The   s ec to red  SEQ c o u n t e r  i s  advanced  every 32 f r a m e s ,   t h e r e f o r e ,   t h e   n e x t  7 LA>:' .-'' . ' 
p o s s i b l e   t o   h a v e   r e d u n d a n t   r e a d o u t s   w i t h   s e c t o r   s y n c . i n h i b i t e d ,  

8 .  

, > &  

s e c t o r e d  r a t e  d a t a   r e a d o u t  were accumulated  under  S SEQ ID-4. It is NOT 



r 

S c c t o r  S y n c  P!rt I :?h ib t tcd  

I n  t h i s  mode t h e  i n t e rna l .  s c c t o r e t !  SCQ counter c a n  o n l y  bc updated a t  
t h e  t i m  fn t h e  tclemctry f r anc  w h ~ n  u n s c c t c r e d  r a t e s  a r e  being r e a d o u t  and a 
presc r ibcd  ~ ~ r n b c ;  o f  S / C  r o l l s  have been c o n p l c t e d .  

Note t he  r e a d i n g  Qf  the  SSZO ID previously n o t e d  i n  Wd 30 (SSC W d ) . i f  b i t  7 :i -.%, 

does   no t  chan5e statc.  t h e  d a t a  i n  t h e  foIiai*7inr; s e c t o r e d  r a t e  r e a d o u t s  is 
redundant   and   should  be d i s c a r d e d ) .  B i t  7 of RET-tag Wd shorrld be con t in -  ,'// 
uously  monit ,ored f o r  s t a t e  changes  a d  S SEQ I D  m e n t a l l y   i n c r e a s e d  by one f o r  1 
each   change  noted. A check may bc had at: each Kd 30 by comparing S SEQ's ID:' 

As a n  cxample suppose t h e  S SEQ ID in Wd 30 were found t o  be 6 and   du r ing  
t h e  n e x t  32 franes examina t ion  cf b i t :  7 of FIT-tag Wd showed n o  s t a t e  changes .  
The f o l l o w i n g  d q t a   i n  t h s  s e c t o r e d  r a t e  words whould  b e  r e j e c t e d  as 
SEQ. I D  5 D::ta,%f i n  t h e  n e x t  32 frames b: 'r 7 changes s t ~ t e ,  ( change   t he  mental 
S SEQ ID t o  7 )  s e c t o r e d  rate daisa t h i s  fo::lowing readout  would be f resh  d a t a  
a d  i t  accur-tulated  under S SEQ - 13 -- = 6 ,  S4:ctorcd r a t e  - 1= S l C = E I D I f ?  sec-  
t o r e d  r a t e  :' = S2G=SI SI13 S I I a  S I I I ,  A t  t h e  f o l l o w i n g  word 30 (SSC Wd) t h e  
S SEQ I D  shtlilld be v e r i f i e d :  i t  s h o u l d  rc36 7 

in t h e ,  PK4 ~ r o r d s  t h e   e v e n t  is modi f i ed  by i t s  accompanying   tag  word, Ef-g- 

rn L O  o b t a i n  sync w i t h  t h e  s e c t o r e d  ra ic  d a t a  one proceeds as follows: , \l:y.l-x 

2 $3 
--*.-~ ,--. .__ ,~ .x .- - - ~  - -- - .~ -' 

,r In o r d m  t o  know t h e  t y p e  of e v e n t  ( : : . :e  HET and LE% PHA s e c t f o n s )   r e a d c u t  

i 
i. ure D 5  show:.; t h e  format meaning of b o t h  thc? P!T and LET t a g  words. 

I 
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F i g .  D5 EET & LET Tag Words 



T h e   s e c t o r   i n   w h i c h  the event   was   encountered  i s  found i n  b i t . ;  1, 2 ,  
and 3 of t h e  t a g  words.  For 8 LET event t h e  t y p e  o f  event  (CD of %I) i s  . 
r e v e a l e d   i n   b i t  4 ( t h e  rest of t h e  LET t a g  word is f i l l e d   w i t h   o n e s ) .  For 
a ?ET e v e n t  an  i n d i c a t i o n  of t h e  c o n t r i b u t i o n  of t h e  CfI d e t e c t o r  t o  t h e  
c h a n n e l  number r e a d o u t   i n   t h e  EEl"TC (sI+CII) i s  found i n   b i t  4 o f   t h e  HET t ag  
word. I f  t h e  CII t h r e s h o l d  (MeV) is cxcccdcd the  hi.ts i.s 1 i f  n o t  n zntn, 

and G of  ?he IILT t a g  u o r d .  If b i t  5=I  t h e  E T  tt d e t e c t o r  CIII i s  o u t p u t .  
I f  a z e r o '  RET-A is r c l a t c d  t o  d e t e c t o r  A ' s  o u t p u t .  ' Bits 4 and 5 p r o v i d e  
more i n f o r m a t i o n  as t o   t h e   c o 2 n c i d e n c e   c o n d i t i o n s   r e s u l t i n g   i n   t h e   a n a l y s i s  
when modi f ied  by t h e  S I  b i t   r e a d o u t   i n  SSC Wd (see HET PHA s e c t i o n  f o r  p r i o r i t y  
'descr ipt :  i o n ) .  

i s  OR or  o f f  ( b i t  81, when t h e   b i t  S S 1  t o g g l e s   ( b i t  7 )  and   whther   the   ex-  
per iment  i s  fn t h e   h i g h  power mode o r   n o t .   ( b i t  9=1  fo r   h igh   power )  Ei.ts 10-12 
gf HET t a g  word a r e   u n u s e d .  

The t y p e  o f   e v e n t   t h a t   t r i g g e r e d   t h e  HET a n a l y s i s  i s  c o n t a i n e d  i n  b i t s  5 

Bits 7-8-9 of t h e  HET-tag c o n t a i n   i n f o r n a t i o n  on w h e t h e r   t h e   s e c t o r   s y n c  

ANALOG DATA SYSTTXS 

T h e   a n a l o g   o u t p u t s   o f   t h e  CRT expe r imen t   t oge the r   w i th   t he   expe r imen t  
connec tor   (0854-51)   p in  number a re  shown i n  Fig.  AD1 below. 

sc WORD 
P€n NumbpL (RTr. E - 1 )  Data 

24 Wd 25 I Power S lipply MOKI (Temp) 
26 Wd 28 DET Teir;, (ARC-Therm) 
27 bid 26 P ~ w e r -  S ? ~ p p l y  MDR.  (Voltage)  
28 Wd 27  CaPib irn/of f 
29 Wd 29 , +RV Mol! 
30 B i t  Wd 24 CRT S t a t u s  

- 

These   ana log   ou tpu t  on p i n  2 7  i s  a n   e i g h t   l e v e l   c o m m u t a t i o n   o f   s e v k n  
v o l t a g e   o u t p u t s  of the  experiment   power  supply  and a g round   pos i t i on .   The  
v o l t a g e s   i n   o r d e r  of  commutation Ere: 

, .  

GV 
+12v 
+7.75v 4 

3.6 e 25V 
-44.6V 
-2v 
-6.25V - 12v 

A l l  v o l t a g e s  are c o n v e r t e d   t o   t h e   r a n g e  0. 
t o  t h e   s p a c e c r a f t   q u a a t i z e r .  

0 (v<3.0 - -  b e f o r e   t h e y  are s e n t  

T h e - o u t - p u t  o n  p i n  28 i n d i c a t e s   w h e t h e r   t h e  CRT i s . b e P n g   s t i m u l a t e d  by 
i t ' s  i n t e r n a l   c a l i b r a t o r .  ( o v = N ~ ;  3 ~ y e s )  

The  ou tput   on   p in  30 s u p p l i e s   c o n f i r m a t i o n  of t h e   f o r m a t   i n   w h i c h   t h e  CRT 
is o p e r a t i n g   a n d ,   o f   c o u r s e ,  should e g r e e   w i t h   t h a t  of t h e  S / C .  'P in  30=OV for 
format  A and +3V f o r  f orntat B e  

. '  . 
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The o u t p u t  on   P in  2& c c m s  froa a t h c r m i s t e r  mounted d i r e c t l y  on t h e  power 
s u p p l . y - i n p u t   r e g u l a t o r - s e r i e s   t r a n s i s t o r   a n d   s e r v e s  as nn i n d i c a t i o n '   o f   t h e  
d i s s i p a t i o n  of t h a t   d e v i c e ,  

which i s  mounted d i r e c t l y   t o  LET-1 t e l e s c o p e   h o u s i n g .  
The o u t p u t  on P i n  26 comes f r o m   t h e   P r o j e c t   O f f i c e   s u p p l i e d   t h e r m i s t e r  

DATA SYSTEM 

T h e   d a t a   s y s t e m   o f   t h e  CRT may b e   b r o k e n   u p   i n t o   t w o   m a j o r   a r e a s :  
The "COSMIC IUY IhTEGTUTED MOSFET FROCESSOR" (CRDIP) a n d   t h e  ITTUXFACE DATA 
SYSTEM (IDS) 

Crimp 

The  Crinp  system i s  a d e s i g n   u s i n g  LSI MOS t echno logy   t o   p roduce  a l o g i c a l  
b u i l d i n g   b l c c k   n o r m a l l y   r e f e r r e d   t o  8s a "bug." Some of   the  "bugs"  used 
i n   t h e  C r i m F  are:  

1. U n i v e r s a l  4 b i t  NOS commutator C-1074 
2 ,   10   channe l s   o f   swi t ch  C-1070 
3 .  Tree Bug 
4 .  Mars  bug I 

5. ATX, most  bug C-1276 

T h e   h e a r t s   o f   t h e  C r i m p  s y s t e m   a r e  th,.;   Mars  bugs  which  each  contain a 
24 b i t  accurr.:Itator, n 2 4  b i t   t o  1 2  b i t   l o   g a r i t h n i c   c o m p r e s s o r ,   r e a d o u t  
g a t e s   w h i c h   v i t h   s u i t a b l e   c o n t r o l   p r o d u c e   t h e  12 b i t  compressed  word as 3 
by tes   o f  4 t i t s  each .   The   ressed  word i s  gene ra t ed   on  comma 
connect ing   t i l e   accumula tor  t ,  t r a n s f e . : r i n g   t h e   c o n t e n t s   t o  a 
s h i f t   r e g i s t c t r s ,   s h i f t i n g   u n t i  1 a "1" i s  found i n   t h e  MSB 
o r  31 sh i f t s   have   been   made ;   coun t ing   t he  number o f   s h i f t s   r e q u i r e d   i n  a 
5 b i t   c o u n t e r ,   r e a d i n g   o u t   t h e   c o u n t e r   a s   t h e   f i r s t   f i v e   b i t s   ( c h a r a c t e r i s t i c )  
and   t he  7 MSB'S o f   t h e   s h i f t   r e g i s t e r   ( a f i . e r   d i s c a r d i n g   t h e  "1" i n   t h e  MSB) a s  
t h e   l a s t   s e v e n   b i t s   ( M a n t i s s a ) ,  I t  i s  seen t h a t   i f   t h e  numbers  accumulated is  
g r e a t e r   t h a n  555  t h e r e  w i l l  be  some u n c e r t . a i n t y - i n   t h e  number due t o   t r u n c a t i o n  
f rom  the  l e f t .  Appendix A c o n t a i n s  a l i s t i n g   o f   a l l   p o s s i b l e   o u t p u t s  of r a t e  
d a t a   t o g e t h e r   w i t h   t h e   u n c e r t a i n t y   i n   t h e  number r e a d   o u t .   I n c l u d e d   a r e   o c t a l  
and   dec imal .   representa t ions  of  t h e  ra te  number r e a d   o u t  - n e g l e c t i n g   t h e   f a c t  
t h a t  i t  i s  compressed. + 

The C r i m p  a l s o   c o n t a i n s  6 PHA d a t a   a c c u m u l a t o r s   o f   1 2   b i t s   a n d   a s s o c i a t e d .  
w i th   each   accumuia to r   a r e  12 b i t s   o f   i n t e r i m   s t o r a g e ,  12  b i t s   o f   r e a d   o u t  
s t o r a g e   a n d   n e c e s s a r y   g a t i n g   t o   s e q u e n t i a l l y   p r o d u c e ,   o n   a p p l i c a t i o n  of 
c o n t r ' o l   s i g n a l s ,   t h e  12 b i t  PHA word as 3 by tes   o f  4 b i t s   e a c h .   T h e  PHA d a t a  
i s  s t r a i g h t   b i n a r y  number r e p r e s e n t i n g   t h e  number of pu l se s   p roduced   by   t he  
HET o r  LET p u l s e   h e i g h t   a n a l y z e r s .   E a c h  LET o r  KET e v e n t   h a s   a l s o  a "tag" 
word a s s o c i a t e d   w i t h  i t  which is  formed i n   t h e  IDS a n d   s h i f t e d   i n t o   r e a d o u t  
s t o r a g e   w i t h   t h e  3 FHA words i t  m o d i f i e s .  

T h e   C r i m p   c o n t a i n s   c i r c u i t r y   n e c e s s a r y   t o   p r o d u c e   t h e   d a t a   f o r m a t  of t h e  
CRT, I n  a 6 s t a g e   b i n a r y   c o u n t e r ,   w h i c h  is  reset  to a l l .  "1's" t h e   t h e  SSCWd 
(Wd 30 E - l ) ,  t h e  Crimp  keeps  t rack  of   which  f rame i t  i s  i n  and sets up   l i nkage  
t o ;  the   p roper   words   ( format  A ) ,  o r  word  (fromat B )  t o  be r e a d   o u t   i n   t h a t .  
f rame.   In   format  A t h e  CRT r e c e i v e s   t h r e e   1 2  b i t  words  per   f rame  making i t  is 
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n e c e s s a r y   t o  know where   in   the   f rame  you  are .  For   t h i s   pu rpose   t he   Cr imp  

coarse a d d r e s s   g e n e r a t e d   b y   t h e  6 b i t   c o u n t e r   r e a d i n g   o u t   t h e  8 words 
of PHA d a t a .   S e c t o r e d   r a t e  ( S R l  and SR2) a c c u r n u l a t o r s   a r e   s e l e c t e d   o n  the b a s i s  
sf 3 b i n a r y   w e i g h t e d   l i n e s  from IDS which ere decoded   to   one  of e i g h t   l i n e s  
by a "tree" bus! j~n t h t .  Crimp. T h n ~ c  1j.nc.a in c n n l ~ r n c t t n r ,  w l t h  8 lnw " ~ n "  

' s i g n a l   f r o m  IUY enable  t h e   C r i m p   t o   s e q u e n t i a l l y   s e l e c t   t h e   e i g h t   a v a i l a b l e  
a c c u m u l a t o r s   a r e   f r o z e n .  

j ,  has a sub   coun te r  ( 3  b i t - s e t  t o  a l l  " 1 ' s ' '  b y   t h e  SSC Wd) wh ich   mod i f i e s   t he  

INTERFACE DATA SYSTEM 

T h e   f u n c t i o n s   o f   t h e  IDS a r e   f o u r f o l d :  
1. P rov ide   spec i f i ed   impfdence   ma tch ing  a t  the   S /C-Exper iment   in -  

2 .  P r o v i d e   i n t e r f a c e   b e t w e e n   t h e  MOS o f   t h e  Crimp  and  the T L of  

3 .  Genera te  a l l  n e c e s s a r y   t i m i n g   a n d   c o n t r o l   s i g n a l s   f o r   o p e r c t i o n  

4 .  G e n e r a t e   n e c e s s a r y   t i m i n g   s i g ; ? a l s   t o   o u t p u t  data  t o   t h e   s p g c e -  

t e r f a c e .  

t h e  IDS. 

o f   t h e   e x p e r i m e n t   i n   g a t h e r i n g   d a t a .  

c r a f t   d a t e  sy:item. 

2 

S / C  Experimen,: I n t e r f a c e  

The IDS mcets t h e   r e q u i r e d   i n t e r f a c e   s p e c i f i c a t i o n   t h r o u g h   t h e  use of 
d i s c r e t e   a m p l L € i e r   o n   t h e   i n p u t   s i g n a l s   a n d   d i s c r e t e   p a s s i v e   c o m p o n e n t s   c u t -  
p u t   s i g n a l s .  

Crimp-IDS I n t   Z r f a c e  

The IDS mykes t h e   v o l t a g e   l e v e l   s h i f t s n e c e s s a r y   b e t w e e n   t h e  EOS l o g i c  
l e v e l s   o f   t h e  Crimp  and i t s  own t r a n s i s t o r - t r a n s i s t o r   l o g i c   t h r o r z g h   d i s c r e t e  
' c o m p o n e n t   i n v e r t i n g   a m p l i f i e r   o n  a l l  l i n e s   c r o s s i n g   t h e   i n t e r f a c e .  

Timing  and C n ~ t r o l  S i e n a l s  

The IDS p t w v i d e s   s i g n a l s   t o   b o t h   t h e   l i n e a r   s y s t e m   f o r  PHA, c o n t r o l   a n d  
_ -  

r a t e   c o m m u t a t j o n ,   a n d   t o   t h e   C r i m p   f o r   a c c e s s i n g   a n d   f e t c h i n g  data  f o r   r e a d -  
o u t  t o  t h e  S / C .  

a n d   t h e   c o n t r o l   s i g n a l s   o p e r a t e   a s  shown t h e   s i m p l i € i e d   b l o c k   d i a g r a m s   ' a n d  
t i m i n g   d i a g r a m ,   f i g u r e s  IDS 1 and IDS 2. 

number N o f   l o g i c a l   p u l s e s ,   ( L e n o t e d  GPT) which are c o u n t e d   i n   t h e   1 2   b i t  
MOS c o u n t e r .  One a d d i t i o n a l 4 i g n a l   f r o m   e a c h   g r o u p  of t h r e e  PHA, d e s i g n a t e d '  
HET BUSY o r  LET BUSY i s  a pulse   whose   wid th  is a t  least  as long as t h e ' N  
p u l s e s   a n d   t h e r e f o r e   b r a c k e t s  a l l  p u l s e s  t o  be   counted .  T h i s  s i g n a l   i n d i c a t e s  

The PPA's, t h e i r   r e s p e c t i v e   c o u n t e r s   a n d   t a g   r e g i s t e r s   i n   C r i m p   a n d  IDS, I, 

Energy   l o s s   da t a   f rom  each  PHA, only  one  of   which i s  shown ,   cons i s t s  o f  

. '  . .  
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when t h e   a n a l y z e r s   a . r e  busy and is used  t o  i n h i b i t   a n y   o t h e r   a n a l y s i s   f r o m  
over l .apping   the  one i n   p r o c e s s ,  The TE of  RUSY a l s o   i n i t i a t e s   t h e   t r a n s f e r .  
and reset  pu l se   wh ich  moves d a t a   f r o m   t h e   c o u n t e r s  t o  i n t e r m e d i a t e   s t o r a g e  and 
p r e p a r e s   t h c   c o u n t e r s  and PYA'S f o r  f u t u r e  a n a l y s i s .  The i d e n t i f y i n g   t n g  
b i t s  a s s o c i a t e d   w i t h   e a c h   e v c n t   a r e   s t r o b e d   i n t o   t h e  t a g  b i t   r e g i s t e r   i n  IUS 
s h o r t l y   a f t e r  t h e  LY o f  RUSY. Subseqlrcnt cvcnts  may be  ana lyzed  and written 
i n t o   i n t e r m e d i a t e   s t o r a g e ,   e r a s i n g  a l l  p r e v i o u s   d a t a .   T h i s  i s  c o n t r o l l e d  by 
t h e   p r i o r i t y   s y s t e m   d i s c u s s e d   a b o v e .  

Once each  4 €razes  il: forinat A o r   e a c h  8 f r a m e s   i n   f o r m a t  B, immedia t e ly  

/ 
r 

q: (.prior t o  a PItR e v e n t   r e a d o u t .  The PHA's a r e   i n h i b i t e d   s o   t h a t   n o   a n a l y s i s  
c a n   t a k e   p l a c e ,   a n d   t h e  STU 32 KHz Colclc ( a f t e r   b e i n g   d i v i d e d   b y  2 t o   p r o d u c e  
16 KHz) i s  used t o  s e r i a l l y   s h i f t  a l l  da ta  f o r  b o t h  HXT and LET e v e n t s   i n t o  
r e a d o u t   s t o r a g e .   T h i s   d a t a  i s  f e t ched   by   Cr imp   unde r   con t ro l   o f  IDS i n  ex,- 
a c t l y   t h e  same way as r a t e   d a t a ,   i . e .   b y   a d d r e s s i n g   e a c h   r e g i s t e r   s e q u e n t i a l l y  
and   caus ing  i t s  d a t a   t o   b e   g a t e d   o n t o   t h e   o u t p u t   d a t a  b u s .  T h i s  i s  dlscus,t :ed 
i n  more d e t a i l   l a t e r .  

IDS a l s o   c o n t a i n s  two c o u n t e r s ,   e a c h  w i t 1  a c a p a c i t y   o f  3 b i t s ,   w h i c h  / cont ro l   cormnutar ion   or  ra te  d a t a   w i t h i n   t h e   l i n e a r   s y s t e m .   T h i s  allows t h ?  
\ 32 r a t e   c o u n t e r s  of Crimp t o  be u s e d   f o r   c o u r , t i n g  many more d i s c r e t e   c o i n c i -  

d e n c e   r a t e s  fro:;i t h e   v a r i o u s   d e t c c t o r   s y s t e m .   S i n c e   t h e   r a t e s   a r e   b a s i c a l l y  
of two t y p e s ,   s e c t o r e d   r a t e s  and u n s e c t o r e d   I a t e s ,  these  two c o u n t e r s  are 
c a l l e d   t h e   s e c t w e d   r a t e   s e q u e n c e   c o u n t e r  (SFS) a n d   t h e   u n s e c t o r c d   r a t e  se- 
quence   coun te r  (URS). The  commutatuion  sequc.nce o f  each   has  a l ready  been  de- 
s c r i b e d   a b o v e .   O p e r a t i o n   a n d   t h t n g  of  each i s  d e s c r i b e d   h e r e .  

of each   unsec toced  r a t e  accunula t ion   i . l z tc rva l  2 s  def j .ned  by t h e  t e l . e m e t ~ y  
f o r m a t   i n   u s e .  I n  format A ,  t h i s  GCCUL-s  O ~ C E  each 32 main  frames  on the E? of 
t h e   f i r s t   N a i n  Frame Word 14-17 (Ea) f o l 1 o w i r ~ ; g  t h e   o c c u r a n c e  of t h e  subcom 
word  El-30 (SSC Fad) a n d  32 frames thereafter. The  advance  pulse  a l s o  i n i t i a t e s  
log conver s ion   o f  a l l  u n s e c t o r e d  r a t e  c o u n t e r s  s o  t h a t ,  o n   t h e  TE of Ea, a e w  
r a t e  d a t a  i s  c o n v e r t e d  and r eady  t o  h e  f e t c h e d   f o r   r e a d . o u t   i n  NFWd 4'1-44 (Ebj .  
The U R S  i s  .a lways  advanced  every 32 f r a m s  i n  fo rma t  A .  I n   f o r m a t  B URS i s  
advanced  every 6& frames, a is0 on t h e   f i r s t  main frame  word Ea f o l l o w i n g   t h e  
subcom  word   El -30 .   The   unsec tored   ra te   da ta  f s  t h u s   c o n v e r t e d  and r e a d y   t o  
be   f e t ched   on   t he  TE of  Ea f o r  readotlt ,  T h e   r a t e - d a t a   r e a d o u t   c a n n o t   c o m e n c e  
on MFWd 41-44> a e  i t  d i d   i n   f o r m a t  A ,  however ,   because Ea i s  t h e   o n i y   w o r d  
p r e s e n t .   T h u s ,   i n   f o r m a t  B r e a d o u t  of  ra te  d a t a  commences  on t h e   s e c o n d  Ea 
a f t e r   E l - 3 0 .  ' / *  

I n   c o n t r a s t   t o   t h e   a b o v e ,   t h e   s e c t o r e d   r a t e   s e q u e n c e   c o u n t e r  (SRS) c a n  d'., 
advance  on  one of  two s i g n a l s ,   e i t h e r   s y n c h r o n o u s l y   w i t h   t h e  URS as d e s c r i b e d  . 
a b o v e ,   o r   i n   a c c o r d a n c e   w i t h   t h e   R o l l  IrLdex 7uise ( R I B ) .  In t h e   f o r m e r   c a s e ,  
advance of  SRS i s  s y n c h r o n i z e   w i t h   t e l e m e t r y   a n d   h a s   b e e n   f u l l y   d e s c r i b e d  
above. I n   t h e   i a t t e r  case,  advance i s  s y n c h r o n i z e d   w i t h   t h e  S i c  s p i n .  r3ne 
of t h e s e  two s f g n a l s  i s  s p e c i f i e d   b y   t h e   s e c t o r   s y n c h r o n i z e r  command f l i p - f l o p  
and is  i n d i c a t e d   i n   t h e  HET-tag word, 1 

The  unsec tored  r a t e  sequence   coun tc r  i.s sclvanced by one  count  a t  t h e  eod 

0 %  

. '  
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When t h e   s e c t o r   s y n c h r o n i z e r  i s  e n a b l e d ,   t h e   s e c t o r e d   c o u n t e r s  are  a l lowed 
t o   a c c u m u l a t e   f o r   a n   i n t e g r a l   n u n h e r   o f   c o n p l e t c  S / C  r e v o l u t i o n s .  The number .- , 

of r o l l s  i s  d e p e n d e n t   u p o n   t h e   b i t   r a t e   i n   u s e   a n d   p r e s e n t   i n t o   t h e   r o l l   c o u n t e r  
a t  the   beg inn ing  o f  each   accun lu la t c   i n t e rva l .  The r o l l  counter   increments   by  
one 011 e a c h  R I P  u n t i l   t h e   s p e c i f i e d  number o f   r o l l s   h a s   b e e n   c o m p l e t e d .  On t h e  
l as t  r o l l   p u l s e   o f   e a c h   a c c u m u l a t e   i n t e r v a l ,  a f l i p   f l o p  i s  s e t  which   enables  
the  next   Main  Frame Word Ea i n  frames 17 through 32 o r  45, through 64 i n i t i a t e  
s ec to red   accumula to r   da t a t r ans fe r   and   l og   compress ion .   The   nex t   accumula t e  
i n t e r v a l   b e g i n s  on t h e   f i r s t  RIP f o l l o w i n g  data t r a n s f e r .  

c a u s e   s e c t o r e d   r a t e  da ta  i n   r e a d o u t   s t o r a g e  i s  b e i n g   s h i f t e d   o u t   t o  t h e  S / C .  
I f   t r a n s f e r  t o  r eadou t   s to rage   was   a l lowed   du r ing  a s e c t o r e d   r a t e   r e a d o u t   s e q u e n c e .  
TWO s o u r c e s   o f   e r r o r   m i g h t  a r i s e .  F i r s t ,   s u p p o s e   t h e   l a s t  RIP  of   an   accumula te  
i n t e r n a l   o c c u z e d   i n   f r a m e  7: I f   t r a n s f e r   w e r e   a l l o w e d ,   t h e   d a t a   t r a n s m f - t t e d  
t o   t h e   g r o u n d   i n   f r a m e s   1 - 7 , w o u l d   c o r r e s p o n d  t o  a d i f f e r e n t   a c c u m u l a t e   i n t e r v a l  
t h a n   t h a t   r e a d o u t   i n   f r a m e s  8-16. R e c a l l   t h a t   t h e   s e c t o r e d   a c c u m u l a t o r s  are 
commuta ted   be tween   s eve ra l   d i f f e ren t  r a t e s ,  hence ,   ad j acen t   accumula t e  h t e r -  
v a l s   d o   n o t   c o r r e s p o n d   t o   t h e  same r a t e   i n . p u t s .   A l l o w i n g   t r a n s f e r  as supposed 
a b o v e   w o u l d   f c n t e r m a i n g l e   t w o   i n t i r e l y d i f f e r e n t   c o i n c i d e n c e   r a t e s   i n   t h e  data.  

s i b l e   t h a t  a complete  se t  of  16 r e a d o u t s   w o u l d   b e   i n t e r r u p t e d   i f   t h e  laoc RIP 
o c c u r e d   d u r i n g   t h e   f i r s t   r e a d o u t   o f   t h e   s e c t o r e d  da ta .  This   can   happen  I f  
t h e   p r e s c r i b e d  number  of r o l l s   f o r  a h i g h   b i t  r a t e  ( s i z e  1024 o r  2048 bps, 
i n  which   casc  m = 3 1  i s  p r e s e t   i n t o   t h e   r o l l s   c o u n t e r ,  and   t he  S / C  i s  su1)sequentHy 
commanded  int:'o a l o w e r   b i t  r a t e  i n  which t h e  readout   sequence  is  v e r y  long 
compared t o  Gne r o l l   p e r i o d .  

i n k   i c h  r a t e  d a t a  i s  b e i n g   r e a d o u t   t o   t e l c m e t r y .  The  frame  numbers  when 
t r a n s f e r  i s  i n h i b i t e d   a r e  m t o  mi-32, v h i c h  is  d i f f e r e n t   t h a n   i n   f o r m a t  A. 
t h a t   t h e   a c c u m u l a t e   i n t e r v a l   f o r   s e c t o r e d .  ra te  d a t a  w i l i  b e   l o n g e r   t h a n   t h e  
r e a d o u t   i n t e r v a l ,   h e n c e  da ta  f o r  a g i v e n   i n t e r v a i s  w i l l  b e  r e p e a t e d   i n   t h e  
t e l e m e t r y .   T h i s   r e d u n d a n t   d a t a  may b e   u s e d   f o r   b i t   e r r o r   c h e c k s   i n   t h e   p r o c e s -  
s i n g   s y s t e m ,   b u t   c a n n o t   b e   i n c l u d e d   i n   t h e  r a t e  a v e r a g e s ,  It i s  e a s y  to i d e n t i f y  
which data is,a r e p e a t   o f   o l d  data  and  which  is--new data by   u se   o f   t he  ESB 
o f   t h e   s e c t o r e d  r a t e  sequence   coun te r  (SRS) which i s  r eadou t   eve ry   fou r   f r ames  
i n  HET-tag.  This b i t  w i l l  c h a n g e   s t a t e   e v e r y   t i m e  SRS i s  incremented.  

E l - 3 0 . '  On the   l ead ing   edge   o f  El-30, t h e  s t a t e  of e a c h   b i t  i s  s t r % b e d   i n t o  :, 
a s i x  b i t  s h i f t   r e g i s t e r  and   immedia te ly   readout   by   the  S I C .  Advance of 
e i t h e r   c o u n t e r   m u s t  be a t  the t ime  of  Main F ame Word.Ea, hence ,  no e r r o r  due. 
t o   s t r o b i n g   d u r i n g   c o u n t e r   t r a n s i t i o n  i s  p o s s i b l e .   ( S e e  Data Format   Sec t ion  for 
i n f o r m a t i o n  on how to o b t a i n   d a t a   s y n c h r o n i z a t i o n . )  

D a t a   t r a n s f e r  i s  not   a l lowed  dur ing   f rames  1-16 o r  33-48 (Mode A)  be-  

S e c o n d l y ,   i f   t r a n s f e r   w e r e   a l l o w e d   d c t r i n g   s e c t o r e d  r a t e  r e a d o u t ,  $2 i $ p o s -  

K ormat B ,  s h o w s   s e c t o r e d   d a t a   t r n s f e r  i s  a l s o   i n h i b i t e d   d u r i n g   t h o s e   f r a m e s  

One l a s t  f e a t u r e   s h o u l d   b e   n o t e d .  It i s  v e r y   l i k e l y ,   i n d e e d  i t  i s  d e s i r e d ,  

The   con ten t s  of t h e  two 3 - b i t   c o u n t e r s ,  are  r e a d o u t   f u l l y   i n  t h e  subcom  word 
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Name 

PIONEER DATA  PROCESSING SYSTEM 

Purpo s e - 

1. PIODPP 

2. EDRLST 

3 .  PHALSY.’ 

4. RATLST 

5. CATLS? 

6. DUPPRT 

7. CATINT 

8. CATUPD 

This   p rogram  reads   the   P ioneer  EDR 
tapes and produces  PHA, RATES and 
Catalog  tapes  and  printed  daily 
summar ie s  of pertinent  information. 

This  p::ogram  reads  the  Pioneer  EDR 
tapes  and  prints  data  by  record 
number  or   t ime  per iod.  

This   p rogram  reads   the   P ioneer  P H A  
tape  and  prints  data  by  record  number 
o r  t i m e  period. 

This   p rogram  reads   the   P ioneer  RATES 
tape  and  prints  data  by  record  number 
and  time  period. 

This   p rogram  reads   the   P ioneer  
Catalo 2 tapes  containing  the I. D. , 
Comm3nd  and  Attitude  information 
and  prints  data by absolute  file 
number  or   t ime  per iod.  

This   program  generates   the  backup 
tapes   for   the  PHA and  RATES  tapes. 

This   progr3m  ini t ia l izes   the  tape 
catalog  pointer  and  the  four  tape  catalogs 
for   the   P ioneer   Data   Process ing   Program 
(PIODPP). 

This   p rogram  per forms  var ious  
maintenance  functions  (add  blank  tapes 
etc. ) on the  four  tape  catalogs.  
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PIOXEER DATA 
. .  

I 

.. '.a 
: 'W Purpose 

The Pioneer Data Reduction  System  consists of a set  of programs 
which  read,  interpret and verify the Pioneer EDR and  Trajectory  tapes. 
These  programs  generate  various data  sets^ containing  the  Pioneer 
GSFC/CET eqerilneni; data (FHA auld RATES), related spacewait  
information  (Logistics, Command and Attitude) and the  trajectory 
information and provide  the  eqability to 2ccess .these  data sets. 

Programs  in order of Implementation  Prio:;ity 

Name 

1. PIO5RP 

2. CATINT 

3.  CATUPD 

4. EDRLST 

5. PHALST 

6. RATLST 

7. CATLST 

Purpose --- 

.This  program  reads  the  Pioneer EDR 
tapes and produces PKA, RATES and 
Catalog  tapes  and  printed  daily 
sumrmries  of pertinent  information. 

This  program  initializes  the  tape 
catalog  pointer  and  the  four  tape 
catalogs, for  the  Pioneer  Data  Reduction 
Program (PIODRP). 

This   ~~rograrn  performs  var ious 
maintenance  functions  (add  blank tapes 
etc. ) Dn the  four  tape  catalogs 

This  program  reads  the  Pioneer EDR 
tapes  and  prints  data by record 
number  or-time  period. 

This  program  reads  the  Pioneer  PHA 
tape  and  prints  data by record  number 
or  time  period. 

This  program  reads the Pioneer  RATES 
tape  and  prints  data by record  number 
and  time  period. 

This  program  reads the Pioneer  Catalog 
tapes  containing  the I.D. , Command and 
Attitude  information and prints  data 
by absolute  file  number or  time period. 



Name Purpose 

This program lists the Trajectory 
Tape by time period or  record 
number . 
This program  generates the backup 
tapes for the  PHA and RATES tapes. 

c 



These  programs  will  be  implemented according to the fOllOJVing 
priorities: 

1. PHA Data  Summarizer 

This  program  creates a data base of sorted PHA readings  for  the  entire 
range of data  from  both  exqerinzent  packages.  Each data set within  the 
data  base will  consist of sorted PHA data for an  input  time  period,  not 
smaller  than m e  hour.  The  sort is based on  event  type, PEA valuss, 
sector  designator,  and  priority  mode. 

2. PHA Data  Plot  Program 

This  program  creates two dimensional  plots of summarized  PHA  data 
for  ei ther  single  or  merged  t ime periods, according to event  type. 
It will  produce a.s many of the  requested plots as is possible  with a 
single  pass thyough the  data  set. It will produce  plots for requested 
multiple  time  periods  to the extent of the  available  summarized PHA 
data. 

3.  PHA  Time  Period  Merge  Program 

This   p rogrm  c rea tes  a data  set  by merging  the  sorted  data  from two 
or more PHA summary  data  sets.  This  merge  will  be  performed  withmi 
the  application of gain  factors  to th.e data. 

4. Intermcdiate  Flux  Program 

This  program  generates a data  tape  consisting of  counts of PHA  event 
occurrence  within  pre-defined  areas of the  range of the  data  from both 
experiment  packages on a time  interval basis. 

5. Flux  Display  Program 

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

6. Rates  Display Program 

This   p rogrm  c rea tes   d i sp lays  of the  data  contained on the  RATES 
tape  generated by the  Data  Reduction  System. 

. 



, 

This program produces two dimensional  plots of the FHA data as 
contained  in the PHA Summary data base, for one time  period or  
combinations oE time  periods (using the merged data sets where 
possible). A histogram showing the distribution oi actual data values 
around a pre-defined stmdard curve is also created. 
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Each l o g i c a l   r e c o r d  i s  32 b y t e s ;  1 2  l o g i c a l   y e c o r d s  are  b locked   to   form 
R p h y s i c a l   t a p e   r e c o r d .  A r e c o r d   c o u n t  i s  m a i n t a i n e d  by the  program, 

The count  is m a i n t a i n e d   t o   p r o v i d e  means of  copying a 9 - t r a c k   t a p e   o n t o  
n 7 - t r a c k   t a p e   w i t h o u t   t h e   u s e  of m u l t i p l e   r e e l s .  One r e e l  of 7 - t r a c k  
t,lpe can   ho ld   about  three f o u r t h s  of a r e e l  o f  9 - t r a c k   i n f o r m a t i o n .  
Therefore, i f  the   2bove  ment ioned  recording  scheme is u s e d ,   t h e  maximum 
number of r e c o r d s  is abou t  1700. To a l l o w  f o r  c o n t i n g e n c i e s ,   t h e   c o u n t  
is s e t  a t  1200. A MAC TAPE FULL message i s  o u t p u t   t o   t h e   t e l e t y p e  t o  
inform t h e  o p e r a t o r  when t h i s  number of reco7:ds i s  r e a c h e d .  

Layouts  of d a t a   r e c o r d s   o n  tape a re  shown on the f o l l o w i n g   p a g e s .   I n  
a d d i t i o n   t o   t h e   i n f o r m a t i o n  shown, a n  e n d - o f . - f i l e  is w r i t t e n   e a c h   t i m e  
BPS 9 is t u r n e d  a f f ,  a n d   a n   a d d i t i o n a l   e n d - o : i - f i l e  i s  w r j . t t e n  a t  t h e  
end of t h e  da t a  on t h e   t a p e .  

% "  
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c. 1. MAGNETIC TAPE HEADER 
-' . .  

_ .  - - -  

The header record  i s  o u t p u t  when t h e   m a g n e t i c   t a p e   o u t p u t  b r e a k p o i n t  
R w l t c h  g o e ~  from an o f f  s t a t e  t o  an on s t a t e .  - - 

c r: 
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4. MAGNETIC 'TAPI: ENL)-Ob'-I)A'TA RECORD 
e -  

'Tire f o l l o w i n g  o u t p u t  o c c u r s  when the   magne t i c  t a p e  b r e a k p o i n t  switch - 
goes from an  on to an  off s ta te .  

i I 
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