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DEGEN:  BLKSIZE of physical recerds ,prq:viéqd by user in DCB of tape. DD statement.

General tape:

‘1) No controi*wbrds.'

DBFOR:

FQRTRAN tape:
1) One control word at begmning of each phyaical record.

2) One logical record per plwsicalrecord. .
~ 3) One or mciré physical reaordé per 1ogica1\' record.

DBDCS: (A phys:xcal record i.a 46Q 7090 words or 2070 b:rhea given that one 7090
word ‘is 4=1/2 bytes of infomat.im.) ' V
DCS tape:
1) - 2 control words at. beginning of th physical record.
2) One control word at begin;xizig) ﬁf éach logical raoord.
3) One or more logical recorda per physi.aal record.

,) One or more phyaical records per log:.cal record. , -

DEFDCS: (A physical record is 1..60 7090 worda-,- o 20?0 by’oes.)
FORTRAN-DCS tape: = ;f- : .
1) 2 control words (DCS contr :1) at beginning ot‘ each phyaical record.
2) 2 control wards (DGS and F RTRAN) at begi.nning of each logical record.
3) One or more DCS logical reeorcia per physieal record.
4) One or more physical reenrds per le:gical record. |

5) One or more DCS logical raﬁerds per FORTRAN logical record.
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(FORMATS OF 36-BIT WORDS (7090 OR UNIVAC) VS. 360 wonns)
1. SINGLE PRECISION FLOATING POINT

o e 3 - exp L nd7 TiA :
\ ' '
cJ/ 35 011 75 FZ,
7090/UNIVAC S/360
1 Exponent has excess 200 octal
2 Exponent has excess 40 hexadecimal
3 Normalized so that 1st bit is 1
4 Normalized so that 1st byte is non-zero
2. DOUBLE PRECISION FLOATING POINT
IS LA o T A
7090 \ Iy
] [}
/ ~ A3§' o 87 .5“
H ¥ ) {
UNIVAC ) A ]
el Y - (/]
S/360 H
&0 NI 3
3. FIXED POINT
H ~ by
0 1
ol 35 a1 - . 3/
7090/UNIVAC '8/360
4e 7090 DECREMENT
R < e Arpes s
T 1 T 1 .
o ! h
07 23 77 /8 RO H) EX N

NOTE that negative numbers are expressed differently in all three cases:

7090
UNIVAC:

S/360:

Sign and magnitude; e.g. =1 = 100 000 ... 001

Sign and 1's

Sign and 2's

complement

complement.;

e.g. -1

e-g. ""1

1]

111 111 ... 110

1111 1111 ... 111
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bse

The magnetic field data for PIONEER and ISEE is to be used
in the Fourier program for listing and p’lo’cting. A new déta base
will consist of the data averaged over a user-specified time
interval which would be.consistent with the "FLUX" tape which
is used as input to the Fourier program, Da:b_a specifié to the
Fourier program's use is uncluded, as well as the original data
in the input magnetic field tape for processing by other programs,
A1l values will be averaged with a resolution of one mimute,
with no interpolation. All values are averaged over the inteﬁal

in a simple manner: {X)= 2£X; / N , where N = # of intervals included

in the sum of X; .

Description

Each input magnetic field tape is one output file. ‘Because
the volume of data is small, there will be no tape catalog, and
the data most likely will be confined to one tape.

The generated data base tape will be of one averaging interval,
with resolution of one minute, the resolution of the input tape.
No interpolation will be done for averages of non-integral
mltiples of one minute due to the expected stabilify of the field,
The times on the output tape will be event times, adjusted from the
iﬁput tape ground receipt times, The program will be modular, so
future éhanges to incorporate slightly different computations of

output will be more easily made.



Formulas

3 1. Distance from S/C to Earth:

1
R=(R12 + R22 - 2R4R,(cos(A)cos(B)cos(C) + sin(A)sin(B)))?
where : Rq=Distance from S/€ to sun
R2=Distance from Barth to sun

A

I

Theta for S/C

B

1l

Theta for Earth

C = Phi ~ Phi
: ls/c lEarth

2, If u is the unit vector in the direction of B, and if x=Wilcos o

and y = tTlcosP, and z = 10lcos ¥ , 10l= 1, then Phi, Theta are:
Phi = @ = "ATAN2 (y/x) = ATAN? (%%g%) For PIONEER,-x=y' and

Theta = & = 90- cos™! z = 90 - cos"1(gcos}¥_).) y=x', x',y' are input.

Contents ‘

The tape will be fixed, blocked, with byte length of lg- /record.
It will be multi-filed with a new file beginning with each MQQ =~ 7200
input magnetie field data tape. The following values will comprise

the record:

Byte field ) Type Description

1=l 1 I ' Year of start of interval ( (& . 79)

5-8 7 I, °v Day of start of interval

9-12 3 IL s° Seconds of day of start of interval

13-16 4 Ih ¢ Interval in seconds of the average

17=20 s~ R4 Milliseconds of data in the interval
5 21-2 ¢ Il Input tape flag:O=cruise,l=Jupiter,2=Saturn
25-28 -2 RL * Ccos«) in S/C spin coordinates

29-32 $ RL * <cosB) in S/C spin coordinates

33-36 9 R4 * (cos ¥) in S/C spin coordinates



Byte field Type Description

37-60  10-iS 2L¥*L1 The Phi sector counts, 15° sectors

61=-T2 | & I2¥1,1 The Theta sector counts, 15° sectors

73-76 A9 Rl (B, in desired coordinate system

77-80 20 BRL (By} in desired coordinate system

81-8L 21 RL {BZ) in desired coordinate system

85-88 27 RL . (B in input tape coordinates

89-92 73 Rh (By’) in inbut tape coordinates

93-96 24 RL {B,» in input tape coordinates

97-100 2¢" RhL (sz)in input tape coordinates

101-104 2¢ RL <BxBy\' in input té,pe coordinates

105-108 27 RhL (BXBZ) in input tape coordinates

109-112 7% RL (By2>'in input tape coordinates

113-116 29 RL (ByBZ§ in input tape coordinates

117-120 %0 R (BZZ}L in input tape coordinates

121-124 30 RL { cosdd = Bx/ B in input tape coordinates
125-128 32 RL {cosB) = By/ B in input tape coordinates
129-132 33 RL {cost> = 'BZ/ B in input tape coordinates
133-136 34 BRL IR

137160 35 Rh 432>

141-160 —— Spare bytes

Coordinate system

The cobrdinate system used for the Fourier input is a
right handed system, using X axis as the reference direction.
The X axis lies in the ecliptic plane, pointing toward.the

Sun. The Y axis lies in the ecliptic plane, 4. to X axis. The



7 axis is zenith, perpendicular to the ecliptic plane

The cosines are then defined as follows:
(oosel)= (B, / \B]?
{cos B)= (By/ i81Y
(cos §y= {3,/ |BI)

where By, By’

magnetic field in S/C spin coordinates.

and B are the components of the
Z

The Phi and Theta arrays are oriented to the reference
direction such that Oo is the reference direction, and thus
Phi(1) for example is the sector value averaged from 0° to 15a
centered on 7.50 in the counter-clockwise direction from the

reference direction:

o e e« et Eu s e e mene et e e
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~ down and analyzed as 1t resides in main storage. From this information,
a correct solution to the storaée dumﬁgproﬁlém can be made.

5 .
R

E. EXTERNAL STORAGE DUMP SUMMARY

External Storage Dumps are those which occurred external to the
program being executed.- They are denoted by Completion Codes 001, 13
Group, 22 Group (excluding 322), and 37 Group. The following set of
step-by-step procedures apply to all External Abends.

R et
L. e

1. Determine Jobname, Stepname, and Completion Code from top of
first page of storage dump. '
2. Obtain detail description of Completion Code by referencing the
IBM Messages and Codes Manual and/or Chapter 7 of this textbook.
3. Utilize Short Hand Method to isolate problem ddname and file.
a. Locate valid UCB in Register 10 of SVRB. P
b. Find UCB in TIOT; associate with problem ddname. |

c.  Refer to JCL listing and analyze appropriate DD State-
: ment file, ; ‘ ’§
4. Utilize Long Hand Method to isolate problem ddname and file
: if valid UCB occurs more than once in TIOT. .
a. Determine DCB Address from Register 2 of pertinent SVRB or
Registers At Entry To Abend.
b. Add 28 to DCB Address and locate two byte TIOT Offset in

main storage. - g Vo
¢c. Convert TIOT Offset to Decimal, subtract 24, divide by 20

LieRRBL Loolihoets

truncating remainder, and add 1.

d. Count down indicated number of lines in TIOT; associlate
with problem ddname. °

‘e. Refer to JCL listing and analyze appropriate DD Statement
file. "
5. Determine DCB attributes for Completion Codes relating to DCB

conflicts.

a. Determine DCB Address from Register 2 of pertinent SVRB or
Registers At Entry To Abend; then add:

)




1 warnenzitrm e . a0 W e

P b

0 - Block Count o (4 bytes)
12 - Density (1 byte)
28 - TIOT Offset | (2 bytes)
3E - Maximum Blocksize (2 bytes)
4C - Address of Next Record (4 bytes)
52 - Logical Record Length (2 bytes)
5A - Physical Record Length (2 bytes)

b. Locate DCB attributes in main storage; convert to Decimal.
c. Refer to Program File Descriptions.
6. Analyze Label contents for storage dumps which occurred during
Label processing.
a. Determine Iabel Address from‘Register 4 of pertinent
SVRB or Registers At Entry To Abend.
b. ILocate Label in main storage; compare Data Set Name and
Volume Serial Number with JCL.
7. Complete thorough problem analysis. Determining the value of
pertinent program variables at the time of the abend, as discussed in

chapter 5, may also be of assistance.

A workshop is now provided to solidify a working knowledge of Ex-
ternal Storage Dump debugging procedures.

Although the above procedures are specific to 0S and 0S/VS en-
vironments, the principle of debugging file problems resulting in ex-
ternal abends, and locating addresses and values in main storage can
be applied to DOS applications as well. The nature of the program to
be executed is of little concern. File problems resulting in external
storage dumps are often encountered when attempting to execute
COBOL, FORTRAN, PL1 and Assembly language programs in all application,

system, and data base environments.

80



A Table of Oft'sets can opticnally D& ODULELUEU Li c plrity br v
Assembly Language listing is not desired. To locate Relative Address
302, compare the offset of each statement with the statement number it-
self. See Figure 4.18, letter 'D'. Moving to the right, an offset of
02F8 is encountered for Source Statement #27. See letter 'E'. Offset
02F8 is the closest one can come tO Address 302 without exceeding it.
Source Statement #28 with an offset of 0308 exceeds Address 302. See
letter 'F'. Therefore, Source Statement #27 is the program instruction
of interest.

Again, the principles of Internal storage dump analysis remain the
same regardless of the programming language utilized. The only signifi-
cant difference relates to the format of the Assembly Language listing

itself.

INTERNAL ABEND SUMMARY

Internal Storage Dumps are those which occur internal to the program

being executed. They are denoted by Completion Codes 322 and the OC

Group. The following set of step-by-step procedures apply to all Internal

Abends.

1. Determine Jobname, Stepname, and Completion Code from top of
first page of storage dump.
2. Obtain detail description of Completion Code by referencing
the IBM Messages and Codes Manual and/or Chapter 7 of this textbook.,
3. Calculate Relative Length into executable module.
a. Determine Entry Point Address (EPA) from first 1line of
Contents Directory Entry.

b. Determine Interrupt Address (IA) from:
i. System 360/370 OS - APSW near top of first page of

storage dump.

He
e

page of storage dump.
c. Subtract EPA from IA giving Relative Length into module.

L. Reference Control Section to verify and/or recalculate Rela-

tive Length.

127

System 370 0S/VS - PSW AT ENTRY TO ABEND at top of first




a. If programmer-written subroutines are not utilized and

Relative Length falls within bounds of the main program,
‘1gnore Control Section 1nformat10n. ‘ ,

b, If programmer—wrltten subroutlnes are utilized and Relative
Length falls within bounds of a subroutine, subtract the
Origin of the subroutine from Relative Length, giving length
into the called routine.

c. If Relative Length falls outside bounds of main program and
programmer-written subroutines, refer to SAVE AREA TRACE
portion of storage dump. Subtract Return Address for
system-provided routine from Entry Point Address of the pro-
gram module which called the routine, giving length into
the calling module. V

5. Reference Assembly Language Listing of pertinent program module
or subroutine.

a. Locate Length calculated above.

b. Determine appropriate Source Statement Number.

6. Reference Source Program Listing of pertinent program module
or subroutine. “

a. Locate Source Statement Number,

b. Determine actual Source Statement being executed at time
of abend.

7. Complete thorough problem analysis. If necessary, determine
value of pertinent variables utilizing the techniques to be covered in

the next chapter.

A workshop is now provided to solidify a working knowledge of In-
ternal Storage Dump debugging procedures, '

Although the above procedures are specific to 0S and 0S/VS environ-
ments, the principle of debugging program problems resulting in in-
ternal abends, and locating the problem statement, can be applied to DOS
applications as well. The specific language of the program being
executed 1s of little concern. Program problems resulting in internal
storage dumps are often encountered when attempting to execute COBOL,
FORTRAN, PLl, and Assembly language programs in all application,

system, and data base environments.

128



Floating Point form of data representation is utilized, FORTRAN REAL
variables and COBOL USAGE COMP-1 items default to a length of :four bytes.
A FORTRAN Double Precision of the above or utilization of COBOL's

USAGE COMP-2 defines a length of eight bytes to the above field. In
other words, Internal Floating Point field lengths are not directly

specified in the program itself.
Field lengths for all other forms of COBOL data representation are

programmer defined via the Picture Clause. For FORTRAN programs, how-
ever, program language conventions take on more significance. All
FORTRAN variables are automatically converted by the compiler to four
byté fields. If the Double Precision feature is utilized, eight byte
field lengths will result., Two byte fields can also be defined. In
addition, Integer and Real fields are converted to Binary and Internal
: Floating Point, respectively, even though they may not have been orig-
inally defined as such.

In the breakdown and analysis of machine instructions to be covered
in the next chapter, some COBOL variables will be found to be repre-
sented in Internal Decimal even though they were defined as Fxternal
Decimal in the program. This is because the compiler generates instruc-
tions to automatically convert from the Unpacked to Packed Format prior
to the execution of various test and arithmetic .operations.

In summary, actual data representation of program variables as
found in main storage depends upon the programming language utilized
and its conventions, as well as programmer-defined fields within the
program itself, The exact length of a COBOL variable can always be
.' determined from the DMAP. FORTRAN variables are usually four bytes
but can be two or eight bytes if the halfword or doubleword feature

has been utilized.

E. VARIABLE VALUE SUMMARY

After isolating the problem source statement, the value of per-
tinent variables should be determined. The following set of step-by-

step procedures apply specifically to COBOL and FORTRAN programs;

DY mi et e+

however, the principles utilized apply to all programming languages.

< f
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he next chapter.

1, Determine Pertinent Variables. 'H
Those variables coded directly in the problem source statement 4

or related to the problem are considered pertinent. 4

2. Locate Variable Name.
a. COBOL -- In DMAP under heading SOURCE NAME. ‘ ﬁ

i

|

b. FORTRAN -- In right-hand portion of Assembly Language

Listing at or near problem statement.
3. Determine Base Register and Base Address.

a. COBOL -- Base Register assignment in DMAP under heading
BASE. Co to Register Assignment Area and note
Base Register.

b. FORTRAN -- Note Base Register (right-hand number in paren- {
theses) to left of Veriable Name in Assembly %
Language Listing.

c. Obtain Base Address from appropriate register in REGS AT

ENTRY TO ABEND Area just prior to the print of Main Storage.

-

<. Determine Displacement. ‘
a. COBOL -- In DMAP under heading DISPL.
b. FORTRAN -- In Assembly Language Iisting to the left of o
parentheses. Convert from Decimal to
Hexadecimal.
5. Determine Variable Length.
a. COBOL -- In DMAP under heading DEFINITION.
b, FORTRAN -- Four bytes; eight bytes if Double Precision;
two bytes if Halfword defined.
6. Determine Data Representation Form.
a. COBOL -- In DMAP under heading USAGE. F

Character Format, i.e., Fxternal Decimal, for DISPLAY

Variables;
Internal Decimal for COMP-3 Variables;
Binary for COMP Variables;

165 ! 3
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External Floating Point for DISPLAY E Picture
Varisbles; S e
Internal Floating Point for COMP-1 and COMP-2

Variables.,

b. FORTRAN -- From Source Program Listing.

Character Format, i.e., Unpacked Format, for Alpha
Variables;
Binary for INTEGER Variables;
Internal Floating Point for REAL Variables.,
7. Add Base Address to Displacement giving Address of Variable in
Main Storage.
8. Page down left-hand side of the print of Main Storage and lo-
cate Address. g
9. Delineate data field using appropriate Length.
10. Determine Variable Value by interpreting character string in

relation to form of data representation utilized.

Although the above procedures are épecific to 0S and 0S/VS en-
vironments, the principle of locating and interpreting pertinent pro-
gram variables can be applied to DOS applications as well. The specific
language of the program to be executed is of little concern. Prob-
lems resulting in storage dumps are often encountered when attempting
to execute COBOL, FORTRAN, PIl, and Assembly language programs in all

application, system, and data base environments.
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in main storage by adding the contents of Base Register D to Displace-
ment 209. "Once-this address is located, a Length of O + 1,_or 1, would.
be marked off. Similarly,'the_value of the First Operand in- the second
instruction, and in this case the second character of BPFYR,'can be
found and interpreted by adding the contents of Base Register D to
Displacement 20A. Once this address is located, a Length of O + 1, or
1, would be marked off.

As can be seen, a knowledge of machine instruction breakdoWn and
analysis within an Assembly Language listing is necessary when deter-

mining the value of pertinent PL1 program variables.

MACHINE INSTRUCTION SUMMARY

When appropriate listings are not available, the location, break-
down, and analysis of machine instructions should be accomplished. Op

Code and Operand Values can then be determined.

1. Determine Address of Next Machine Instruction to be executed.
a. System 360/370 OS -- Right-most three bytes of APSW,
b. System 370 0S/VS -- Right-most three bytes of PSW AT ENTRY
TO ABEND.
2. Determine Length of Machine Instruction.
a. System 360/370 0S -- Convert left-most byte of APSW to
Binary. Two left-most bits indicate Length.

01 - 2 bytes
10 - 4 bytes
11 - 6 bytes

b. System 370 0S/VS -- See 'ILC x' message to right of PSW AT
ENTRY TO ABEND, where x = Length in bytes.
3. Determine Machine Instruction being executed.
a, Locate Address in Main Storage.
b. Back up required Number of Bytes as determined from Length.
4. Note Op Code, Function, and Format.
a. Determine Op Code frOvairst Byte of Machine Instruction.
b. Determine Function from Reference Data Card.

c. Determine Format from Reference Data Card.
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5. Determine Operand Addresses.

a.

b.

Breakdown Instruction utilizing appropriate Format.
Calculate Operand Addresses utilizing appropriate Base

Registers, Index Registers, and Displacements, as required.

6. Locate and Interpret Operand Value.

=3

b.

Locate Operand Address in Main Storage except for Immedi-
ate Operands which are located in the Instruction itself.

Delineate Operand using apprdpriate Length.

For SS Format, Length is determined by adding one to Length
Indication in Machine Instruction. For other Formats,
Length equals four bytes, except for occasional Halfword

(2 bytes) and Double Word (8 bytes) instruction use as
determined from the Reference Data Card or the program

itself.

Interpret Character String based upon nature of Op Code and

Data Representation techniques.

A workshop is now provided to solidify a working knowledge of Machine

Instruction location, breakdown, and analysis.
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VII. Multisatellite Fourier Analysis Program
IMP-8 System Documentation

A. Overview

The satellite-dependent (SD) IMP routines allow the IMP 8 data to be
processed through the Fourier program's analysis and output procedures.
The satellite-independent (SI) routines are contained in separate source
and load modules from all SD code, and thus, any satellite may be linked
via JCL.

This document describes the SD user input required for IMP Fourier

analysis. The main document containing the SI user input must be reviewed
prior to this one.

1. Input Required

a. Satellite independent namelist INPUT

(1) The RATES parameter may have the following values:

RATES Parameter Rate Signified
MED1 DIEF G
MED2 DI D2 E F G
MED3 < (DI+EI)1 E F G
MED4 DI (DI+EI)1 E F G
LED1 : Al B C
LED2 Al B C
VLET1 DI DITI F
VLET2 DI DII (SUM)ID F

(2) The parameter SATID must be 'IMP-8'.
b. IMP namelist IMP

&IMP ZMAG,QLED

This namelist must appear after each namelist set of the SI

routines.
Name Type Default Description
IMAG(8) A8 blanks List of magnetic field tape
names in order
QLED L*1 T T=use corrected LED rates

data

c. Counts Tape

This is a standard label, fixed, blocked tape in the IMP counts
tape format. It is provided by the tape catalog.
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2.

d. Tape Catalog

110

The catalog file name must be entered in the JCL for unit 25.
The IMP catalog is in:

‘SEIMP.DEX52CAT,DATA®

Qutput Generated

(See Fourier Plot Program SI Documentation)

Module Documentation

Module

INITL

MAGADV

RECADV

VALID

CATLOG

Description

Initialized I/0 devices, common blocks, and
reads in the SD namelist PIQ

Reads an averaging interval of magnetic
field data

Reads in one rate and magnetic field data
average into the RATDAT and MAGFLD commons

Validates the input namelist data for the SI
READIN module

Retrieves a tape name from the IMP-8
catalog.

This is an IMP-8 system routine.
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4, Program Structure

a. Block Diagram

*=Satellite independent module

MAIN*

RECADV

DATFIL MAGPRO* MAGADV NXTRAT

READIN*

INITL

TIMJUL* CATLOG

b. Algorithm

P —

GETAPE TIMJUL*

VALID

111

The SI module READIN reads the SI namelist and calls VALID to
validate them. Then it calls INITL to read in the SD namelist

IMP and initialize the I/0 devices.

Control is returned to MAIN

which succesively calls RECADV to accummulate one average point

of sector counts and if desired, magnetic field data.

RECADV

reads in a flux record, stores it, and collects magnetic field

data if desired (MAGPRO, MAGADV).
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c. Error Handling

The following return codes and messages may be printed:
(See SI System Documentation for other handling.)

Return Code Description
- 'INPUT TAPE READ ERROR, SKIP THIS RATE'

A tape read error on the input tape
caused a vo]uqe to be skipped.

5. Common Block Definitions

a. Common: /IMPUSR/ZMAG(8),QLED

Name Type Description
ZMAG A8 A list of up to 8 magnetic

field tapes in chronological
order of use.

QLED L*1 T=use only corrected LED
rates.

b. Common: /RECORD/IBUFF(615)

Name Type Description

IBUFF I*4 This buffer is used to store
. the input tape record. For
detail on its contents see
IMP-8(J) EXP52 Counts Tape
Format document in the IMP-8
documentation set.

6. Individual Module Documentation

A11 modules were designed, coded, and tested by Jenny S. Jacques,
Code 664, 1980.

a. (1) Module: INITL - Initializes the I/0 devices, common
blocks, and reads in the IMP namelist.

(See the "Fourier Plot Program Satellite Independent System
Documentation" for a basic description of .INITL. The
differences of additions/deletions are described below.)
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Differences or Additions/Deletions

(1)

(2)

Name

INTSEC

INTRVL

(3)

(4)

Common

MAGFLD

MAGIN
IMPUSR

(5)

Name

MT IME

QWAIT

QEOF

1. There are 8 possible rates

2. A namelist IMP is read in

3. CATLOG is called to fetch input tape name.
Module:

routine coll

MAGADV - Magnetic field tape advance - This

ects the magnetic field data,

within the time range passed, from the
fourier magnetic fie]d‘data base tape.

Calling Sequence:

SUBROUTINE MAGADV (INTSEC,INTRVL,QNEW)
Type 1,0 Description
I*4 I Averaging interval in seconds
of the input data tape
(2) 1*4 I Time range to collect the

Module Cross Reference:

RECADV
TIMJL2,JULTIM

Called by:
Calls:

Common Usage:
Variables

BMAG,QPSECT,QTSECT,
COSIN,BSQR,MAGCNT,IZFILE

all
IMAG
Significant Local Variables:

Type
I*4

L*1

L*1

data over, in modified Julian
time

Description

Modified Julian time (MJT)
from magnetic field tape

T = Interval on tape is later
than current time range

T = And end of file mark was
detected on the magnetic
field tape
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Name Type Description

1END L*1 Ending of time range (MJT) to
process

ITAPE I*4 Counter to the ZMAG tape
namelist.

(6) Logic:

Check to see if the last time left a record not used yet in
the buffer (QWAIT=T). If so, skip around the FREAD.
Otherwise, read in a record from the magnetic field tape.
Loop, summing as many records as necessary to complete the
time range. If an EOF occurs, continue to the next file.
If an EOV occurs, look for the next tape name in ZMAG. If
none are available, set QOFF to .true., causing further
calls to simply return,

c. (1) Module: RECADV - Reads in one average of sectored counts
data and, if desired, magnetic field
data.

(See the "Fourier Plot Program Satellite Independent System
Documentation" for a basic description or
additions/deletions are described below.)

Differences or Additions/Deletions

1. RECORD is used to contain the input tape rates data
records.

2. CATLOG is called to fetch a new tape name if the
current one ends with time still left to process.

d. (1) Module: VALID - Validates the input satellite independent
namelist values.
(See the "Fourier Plot Program Satellite Independent System
Documentation" for a basic description of VALID. The
differences/additions/deletions are listed below.)

Differences on Additions/Deletions

1. There are 8 possible rate ID's.
2. The rate ID's to validate are unique to IMP-8.

Program Assumptions and Restrictions

1. The flux tape requires 32K core if BUFNO = 1 in the DCB is
specified.
2. The flux tape must-be of the standard format for flux tapes for
IMP-8.
3. The input tape catalog must be the tape catalog named in Section II. 3.
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B.

Multisatellite Fourier Analysis Program
IMP User's Guide

Overview

The satellite-dependent (SD) IMP routines allow the IMP 8 data to be
processed through the Fourier program's analysis and output procedures.
The satellite-independent (SI) routines are contained in separate source
and load modules from all SD code, and thus, any satellite may be linked
via JCL.

This document describes the SD user input required for IMP Fourier
analysis. The main document containing the SI user input must be reviewed
prior to this one.

1. Input Required

a. Satellite independent namelist INPUT

(1)  The RATES parameter may have the following values:

RATES Parameter Rate Signified
MED1 DIEF G
MED2 DI D2E F G
MED3 (DI+EI)1 E F G
MED4 DI (DI+EI)1 E F G
LED1 Al B C
LED2 Al B C
VLET1 DI DII F
VLET2 DI DII (SUM)1D F

(2) The parameter SATID must be 'IMP-8'.

b. IMP namelist IMP

&IMP ZMAG,QLED

This namelist must appear after each namelist set of the SI

routines,
Name Type Default Description
ZMAG(8) A8 blanks List of magnetic field tape
names in order
QLED L*1 T T=use corrected LED rates

data
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Counts Tape

This is a standard label, fixed, blocked tape in the IMP counts
tape format. It is provided by the tape catalog.

Tape Catalog

The catalog file name must be entered in the JCL for unit 25.
The IMP catalog is in:

' SEIMP.DEX52CAT.DATA'

Error Handling

Only the satellite independent errors will terminate the program.
See Section IV in the document: Multisatellite Fourier Analysis
Program User's Guide.

JCL Required

1.

2.

3.
4.

Load module to 1ink with SI routines:
'SEIMP. FOURIMP,.LOAD'

Flux catalog, unit 25:
'SEIMP.DEX52CAT.DATA'

&IMP namelist for each namelist set.

Unit 9 defined as:
//FTO9F001 DD DSN=IMPJDUM,DISP=SHR,UNIT=(1600,,DEFER),

!/ VOL=SER=DUM1,DCB=BUFNO=1
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C. Sample JCL - IMP 8
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VIII. Multisatellite Fourier Analysis Program
Differential Rates Routine

Overview

The Multisatellite Fourier Analysis Program (MFAP) has an option to change
the data before it goes into Fourier analysis. This is done via a
subroutine called SUB1. (See the MFAP System Documentation Sections I.A.
and IX.A.16. for a further description.) This document describes a SUB1
routine which subtracts one set of sectored counts from the next and
stores this differential as a new set of counts. These counts then
undergo the same analysis as before. SUB1 also changes the labels
appropriately. If a succeeding rate does not exist (always the case for
the last rate) or is not acceptable for analysis, the differential value
can not be computed. In this case, a -2.0 is placed as a flag in the
accumulation time, and the value is ignored by plotting routines.

To involk this process, SUBl1 for differential rates is compiled into a
load module and linked as the first SYSLIB data set. This causes the new
SUB1 to override the dummy (simply returns) SUB1 in the Fourier load
module, and thus be used to create differential sectored rates.

1. JCL Required

a. SYSLIB DD DSN=SB#PR.FOURDIF.LOAD,DISP=SHR as the first SYSLIB
data set.

b. Same JCL as for the sectored rates.
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Multisatellite Fourier Analysis Program
Anisotropy Check Routine

Overview

The Multisatellite Fourier Analysis Program (MFAP) has an option to alter
the data after Fourier analysis. This is done via a subroutine called
SUB2. (See the MFAP System Documentation Sections I.A. and IX.A.16. for a
further description.) This document describes a SUB2 routine which
performs a check on the Fourier analysis anisotropy values. If a value is
less than twice its deviation, it is negated. This flags the plotting

routines to ignore the value, and the listing shows the negative
anisotropy.

1. JCL Required

a. SYSLIB DD DSN=SB#PR.FOURCHK.LOAD,DISP=SHR as the first SYSLIB
data set,

b. Same JCL as for the sectored rates.
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C. Sample JCL - SUB1, SUB2

This example is for PIONNER. The SUB1 routine to be used is the file
‘SEJSS. FOURIER.DIFFRNTL.LOAD'



Blank Spacer Page



e

PIONEERF [ & ¥

Ny

Fourier Program
o
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This paper is intended to outline all requ1rements of the Fourler :
as is required to understand the

analysis program
entire scope of each function within the program.

with such detail

In addition,

a priority list is made according to date for each function to ensure
that the most essential requirements will be fulfilled by encounter.

Please study this paper carefully and make comments concerning

additions, deletions and corrections by COB Friday (May 11), at

which time program design will begin.

Overall Purpose.

This program” is to accept sectored rates data (cnts/sec) from the

PIONEER F Cosmic Ray experiment, perform a modified Fourier analysis

on it, and generate printouts, plots and tapes,
in thls paper.

as described later
The program is to be effectively modularized such

that specific functions--i.e., Fourier analysis, averaging, etc.--
will be separate subroutines, and thus may be used by other systems.

The program is to be used by the scientist, generating no output
which contributes or modifies the existing PIONEER F system.

Data Input.

There are two sources of data input:

(1) Flux data base with catalog (15 min. averages).

rnemmn,

Encyclopedia or'! Rates tape,w1th catalog (no averages)

J@t%&&“,ﬂ

2

{ Thls may require tréﬁas“hecklnc ,
, o ﬁgr;g g%;fua<3 N ;M_h A
User Input. J

The user will input parameters in a namelist format as follows

(the functions are described later in this paper):

1)
(2)
(3)
(4)

(5)
(6)

(7
(8)

<)

" Option

Averaging time
Start, stop time

Plot start, stop times .

Rates desired (max # of
Tates TBD later)

Which output is desired
(printout, plots, tapes)
Vertical and horizontal
plot scales

Calcomp or 4060 option
Polar plot options

Uik b Q T Yﬁ#Q“ZN&

e ST T S e et e

h

Function Which Uses It

Data Collection
Data coliection,
All plots

All functions

tape

All plots

A1l plots
Polar plot

generation

., ’(“

Vit



Output Generated.

Any combination of the following outputs may be specifiéd: - T

(1)
(2)
(3)

(4)

()

(6)

tape with the following format:

Printout of Fourier results. *\\kﬂ» Qum\ne)&,‘((b(‘)/a&{x * . ) ‘ |

Printout of rates ’a<'nd their times_; | (nohesd o
Rates plot of wretes~ (cnts/sec) vs. time. This is a semi-log Ro \th'g ‘
plot on the 4060 plotter with option to convert to Calcomp Tl

plotter. Defaults are as follows:

(a) Vertical axis: 4 decades such that max point is .
included. L ‘

(b) Horizontal axis: 4 averaging intervals per centimeter.
Parameters plot of Fourier results vs. time. This is a double ¢
plot, the top part being the Fourier result (IOO'An/A )

(see Fourier analysis description later in this paper?, and
the bottom part being ¢n’ both vs. the same time scale as

in Plot #3.

The.(An/A *100) will be 2/3 of the plot, vertical scale being
0-120 With 6 tick marks. o

The §_ plot will be 1/3 of the plot, vertical scale being:

n ! Ta

ﬂl . 0-360

¢2 : 0-180 | with 3 tick marks
¢3 : 0-120

Polar plots of normalized sector ccunts, normalized to a fixed

scale. This function will use the polar plot options as already - ¢
exist in a preyviously written program for PIONEER. Sample ' : -
output is attached. - 9 H ‘ -

i

Standard Rates Tape. This is a non-labél, 9-track, 1600-BPI -

1 file = one run of this program.

1 record = fixed # of logical records.
1 logical record = time, followed by the desired parameters :
and their errors in floating point format. . _

Maximum # of parameters is TBD later. The first n logical records
will contain header information. (Efyill be determined later,
but will be fixed. '

\\\uﬁ var.
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(7) Sector Counts Tape. This is a non-label, 9-track, 1600-BPT
tape with the following format:

1 file = one run of this program.

1 record = fixed # of logical records. - i
1 ldgical record = time, 8 sector countS. - ... -+ °
Vo timme
The first loglcal record will con;aln the accumulation inter-

val.

Additional Option.

It may be desired in the future to manipulate the data in varlous
ways--e.g., include a new correction routine. This may occur at
two points in the program:

(1) After data has been averaged, but before it is Fourier analyzed.

(2) After it has been Fourier analyzed but before output has been

generated.

To accommodaté this flexibility, a common statement containing all
data, which may be used in such a way, and a no-argument call to

a subroutine contained in a separate disk-resident file at both
points will be included in the program. Until this file is chanoed
the subroutine will simply issue a return.

Fourier Analysis.

s the. %pur\cr e,?«;;mﬁmn o€ the @w&
The following exp;ess1oa-£ofuthE”Tate~w1%%~be—used*'

S

3
C; =A 1+ I t cosn(f,-f)]
; n=1
where
, 8
A =g T C.
. i=1 *
Ci = séctor rate,
Cn = An/Ao’
- 1/2
A, = (@ +b ) s
Wn 8 ‘
a =7 Z C cos(nB )

-

f

it . o
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oo

n .
= 5}
bn 2 .Z Ci sin(n i)’
i=1
8 = reference direction Sector o, ‘ : , d

0, = angié'in direction of Sector i,
1 ‘“1 : K
6 = o tan (bn/an)+90,
n = harmonic number,
i = sector number,
Wn = glven weloht factor, predetermined, and
G = geometric factor of counter (cm2 ster).
For 8 seétors, 6. is a multiple of 45°, so the values for cos nB. and
sin nf. may be predetermlnpd, saving CPU time. The result is
then™ 1rotated through the angle 8 so that the final answer is with

respect to the north reference dir8ction.

Standard Deviation;

e M

Or  _ ox 1/2
A0 = (Aol .
Or = W_([1+D_]/4A )V/?
n n n (o]
o, _ . 2.2 1 172
| g, =W ([1-D 1/ [4n"c “A_])
2 3.2 8 2. 2 :
Dn = (Wn /8AQ Cn )(iil[(an —Pn )cosZnGi + 2anbn sin Znei}Ci)
.Schedule,

The following functions are scheduled to be completed by August 1:
(1) Use FLUX data base to average data.
(2) Fourier analysis and printouts.

(3) Rates, An/Ao’ 6 plots on 4060.

ppn



The following will then follow, listed in priority:

(1)
(2)
(3)
(4)

(5)

Plots on Calcomp
Angular plots

First taﬁéﬁof rates
Second tape of counts

RATES tape as data base

AN

-
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COSMIC-RAY ANISOTROPY

R. D. ZWICKL and W. R. WEBBER

‘
PRy L DS

Spuce Science Center, University of New Hampshire, Durham, New Hampshire 03824, U.S.A.

Received 12 April 1976

. . .
A systematic study is presented of the COS approximation as applied to the class of spinning-charged particles

measure solar and galactic cosmic-ray anisotropies. This study includes the derivation of: (1) the general COS z3 .
equations and their limitations for any harmonic component of the anisotropy, (2) the realistic errors for ezch ..

component produced by the Poisson statistical fluctuations, and (3) the first order geometnc smoothmg cu....;

real charged particle telescopes.

A computer simulation of the COS approximation is developed to test the reliability of the derived error relx
examine effects associated with limited count rates. We find that not only is the anisotropy amplitude increz

.} .

proper value at Jow count rates, but at any count rate an nsotroplc background anisotropy exists and xs c_,uu, )

~4/(3/C) £4/(1/C), where C is the total number of counts.

\

v

1. Introduction

During the past decade numerous studies have been
made, via spacecraft, of the solar and galactic cosmic-
ray anisotropy in the 1-100 MeV energy range. Gener-
ally the studies involve particle detectors rotating
perpendicular to the spdcecraft spin axes which allow
the incoming particle rate data to be divided into either
four 90° sectors or eight 45° sectors. The individual
sector count rates are then collectively fit to a COS
curve which determines the amplitude and phase of any
resulting anisotropy'). We shall call this procedure the
COS approximation since the anisotropy is approxi-
mated by a simple COS curve in two dimensions.

In reviewing the literature on the cosmic-ray ani-
sotropy, we have failed to find any systematic study

. concerning the validity and limitations of the nth

harmonic COS approximation so widely in use. Nor
have we found a suitable study discussing how to
determine and extract a valid anisotropy from the large
quantities of data that are produced by today’s
complicated particle detectors. Thus, the goal of this
paper is to develop simple yet reliable analytic expres-
sions for the geometric corrections and error analysis
that can be applied to a large volume of data.

Various other methods of determining the charged
particle anisotropy have been presented in the last few
years. For an aggregate of particle detectors, each
located in a slightly different position with respect to
the spin axis of the spacecraft, a spherical harmonic
analysis appears most reasonable®?). This would allow
a complete 3-dimensional determination - { the charge.
particle anisotropy. However, if there 5 only one

perpendicular to the spin axis of the S““"

the spherical harmonic analysis must be reg’
COS approximation. For modern particic «.
that employ more than 8 sectors (usually 1dzzc0.
grey tone representation introduced by G“'”

is favorable. We note that the COS apgro.is
requires only 5 sectors to determine the pho
meaningful first and second harmonics of thz .
tropic particle distribution. Thus, no new isfc=—
is gained by increasing the number of sectors =
The only effects will be a reduction in the g

effects as shown in section 3, and a slightly i m;;-

determination of the phase angles.

With these considerations in mind, we have <~
out a detailed analysis of the COS apzT SEInT
which is presented below. Starting with a #{1 hz—
Fourier series, we derive in section 2 the mmost =
equations for the anisotropy ¢ and the phzse &
able to the COS approximation. In szcticr
derive corrections to the anisotropy causd =7 ¢
geometry of a particle detector, and then in ..
the standarderrors, so often overlooked, arzza™ -
To check the accuracy of the calculations
mine the effects produced by limited co=
computer simulation using Poisson statis:iz; o
formed. The results which are presentzd = .o .
show that: First, the calculations are accur.:;
ly, the measured anisotropy, on the ave
greater than the true anisotropy. This €
rely to Poisson statistics, says that even il i"z
truc anisotropy is zero, the average measurc:
tropy is greater than zero.

e
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\
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Anisotropy - derivation

N

We start by expressing the particle distribution
function  in terms of the general expression for a
Fourier series applied to a set of r equidistant data
points®)

|- 2n+1gr
‘/’(01) = Ay + z‘ A, cos(nb,—6,), (1
. n=
where A, = zeroth harmonic, A, = magnitude of the
nth harmonic, and the summation is bounded by
2n+1<r. Here 8, refers to the direction of the equidis-
tant data point / while 8, refers to the direction of
intensity maximum for the nth harmonic. In applying
eq. (1) we note that r = number of sectors and n = har-
monic number. Thus the number of sectors limits the
number of possible harmonics; i.e. four sectors allow
only the first harmonic and eight sectors allow up to
and including the third harmonic. Expanding eq. (1),

2n+1<r

B0 = Ao > [a, cos(n) + b, sin(n6)], (2)

‘where a,= A, cos(6,) and b, =4, sin (6,).
It follows that, for 2n+1<r,

Ay = @2 +52),

o B=tanT'(Bay), Ga)
; ’\ -1 by definition®) v
o &= AA,. (3b)

el We now seek expressions for a,, b,, and 4, that will

' best fit the function Y (6,) to the count rate data y, in

each sector i
defined by*)

Using the method of least-squares,

r

15 vt @

ri=1

We want to minimize pu? with respect to each coefficient,
i.e.

20X = 0, | )

where X=4,, a,, b,. After carrying out the interme-
diate manipulations, the results are

S 16 FENE Gl penh AR 2

=13
ri=t — '
. 2 r -
= ; Z 05("91), 6)
p 2 Z ”s ng‘)’ .
ri= ;~-

i R N

S g
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where 2n+ 1 <r. Together eqs. (3) and (6) determine §, =
for all allowable harmonics from the experimental -~
data provided that each. sector can be considered as a - -
single point. However, in reality each sector has a
finite width and can not be considered to be a single '
point. We now turn our attention to corrections ap- o
plied to finite detector geometries.

3. Anisotropy corrections for finite detector
geometries

We now want to derive corrections to the measured
anisotropy that are due to a finite geometry detector. ) 4
First, we look at the general case to demonstrate what - 1
is involved in solving the problem exactly. Then several = -
reasonable approximations are made so that simple
analytic expressions can be found for the first and
second harmonics of the anisotropy. Note our aim is =
to find accurate corrections that avoid along numerxcal
calculations. e i

Consider any charged particle detector that is
located perpendicular to the spin axis of a spacecraft. ;
Let the plane of rotation, defined by the mean look i
angle of the rotating detector, be divided into p sectors.
Then the average particle distribution seen in one sector
is :

Al

f (dG/dode) f(0, ) d0dd

SO = : R

Jf (dG/d6d¢) dOd¢

where f(0,¢) = particle distribution and dG/dfd¢d=
differential geometry factor described by the spherical
polar coordinates 0 and ¢. Since eq. (1) is used to define - ..~
the particle distribution function, assume

£1(0.6) = Ao+ T A, cos(my), ®

.where y=7y(0,¢) and y=0 lies along the mean inter- o

planetary magnetic field. The prime indicates f"(0,¢)
holds only in the frame of reference moving with the .
solar wind. The average anisotropy is determined by~
transforming eq. (8) from the solar wind to the space-
craft frame which gives f(0, ¢), then eq. (7) is solved —
numerically for each sector. These operations can also .
be performed in reverse to find the real amsotropy,
along the interplanetary magnetic field*:°). B
The above, although accurate, is a very complicated ¢
process. A great deal of computer time is spent essen-
tially determining the correction to the anisotropy
which is actually small for our range of interest. .
We now want to derive approximate analytic -
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relations describing the correction factor W,, where
S, (true)= I, &, (measured). First, we restrict ourselves
to charged particle energies above 1 MeV. Then the
transformation from the solar wind to the spacecraft
frame is small**®) and the first order Compton-Getting
_anisotropy correction is adequate. Second
from egs. (7) and (8), that

cos(ny) = W, {cos(ny)).

Thus, W, can be determined by an average over only
one general sector. Finally, assume that an “effective”
opening angle, 2, can be found such that dG/d0d¢ =
constant. This is a very good approximation for small
anisotropies. Combining all of the above eq. (7)
reduces to

's
e

6+a ¢+n/p1'{z . IR
[ do ( d¢ cos(ny)
{cos(ny)) =vize s é-mipoa ’ 9
? 4z (n/p+a) (

where the integration limits represent integration over
one “eflfective” sector of length 2n/p and width 2a.
The spherical polar coordinates are defined such that
0 is measured from the spin axis of the spacecraft and
¢ is measured in the plane of rotation formed by the
mean look angle of the{detector. It follows that

cos(y) = cos(8) cos(8') + sin(0) sin(0") cos(¢p —¢’),
| (10)

where (6, ¢') represent the location of the magnetic
field vector. Notice the projection of cos(y) onto the
¢-plane gives

cos(y) — sin(0') cos(¢p— @) = cos(e) cos(dp—¢"),

where e=1n—6’. This implies that the n=1 particle
distribution is reduced by a constant factor, cos(e),
when projected into the ¢-plane. By a similar mani-
pulation and after integration in eq. (9), it can be seen
that ‘the n=2 particle distribution is approximately
reduced by a constant factor cos?(e) when projected
into the ¢-plane. Since the basic physical interest is in
the first and second harmonics, we now assume
0'=4n and multiply eq. (9) by cos(¢). The final
analytical expressions follow:

* Case I: n=1
For cos(y)=sin(0) cos(¢ — '), eq. (9) gives
Ccos(9)y = cosle )[S'"m} [s‘"(”/””)] cos(y). (11)
a (n/p+a)

notice -

This implies a correction factor of

‘ . 1 o (n/p+a) _ :‘:.‘:
Wi(a,pe) = ,
. . Leos(g)] L sin(a) sm(n/p+a)
Case 2: n=2 o s
For cos(2y)=2cos?(y)—1, eq. (9) gives o™
imately )

(cos(23)) = cos?(e) - [sm{za) + 1] x
2 2a

y [sin(2n’1’p + 2a):l
2n/p + 2a)

where a constant term, independent of 7;":,;“-3
—sin(2a)/2«] has been neglected. This xmiu.
approximate correction factor of

1 4o '
WZ(ayp’£)=[ 2 }[ ]X
cos“(e)] Lsin(Qa) + 2«
[ (2n/p + 2a) ]
sin(2n/p + 2a)
Figs. 1 and 2 exemplify the effect of the cc -
factor, W, from eq. (12), for various values o.

3.00~

P=8 Sectors 4

T

250

Correction
Factor
W(a,8,¢€)

200

150

1 1 L

10 20 30 40 50 eo e

(Angle of B 1rom detactor look ergtq;

Fig. 1. Variation of correctionfactorwas a funcuou cf g -
between the interplanetary magnetic field and its prois.
the plane of rotation of the detector. EFach curve oo
particular value of «. <
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250 €«0°
. 200+
! c?g%%'?” 4Sectors
W(a,P,0)
150k 8 Sectors
~ 4
1.00 L 1 1 1 L
. . 10 20 30 40 50
: a(Effective half-width angle) -

-Fig. 2. Variation of correction factor Wy as a function of detector
effective half-width opening angle and number of sectors. The
effects are purely geometrical.

and e. In fig. 1 W is plotted as a function of ¢, the
angle between the interplanetary magnetic field and its
projection into the plane of rotation of the detector.

cluded in the figure is a family of qurves representing
~arious values of « for a fixed number of sectors, p=38.
Notice W, is approximately constant for & below 30°
and is quite small for « less than 20°. Fig. 2 shows W,
as a function of o for two commonly used values of p.
It is clearly seen that the p =8 curve yields much smaller
values of W, which in turn produces more accurate
measured anisotropies.

As a representative example of the above analysis,
consider the GSFC-UNH charged particle detectors
located on the Pioneer 10 and Pioneer 11 spacecraft.
The largest effective half-width angle is ~ 18° and p=8
If we assume ¢=0, then W’,:l.lOff"Using the same
values the second harmonic gives H,=1.47. Thus, the
first harmonic correction is very small but noticeable.
The second harmonic correction is large, which implies
any measured but uncorrected bidirectional anisotropy
magnitude would be seriously undervalued.

So far we have considered the reduction in the ani-
sotropy produced by a real detector and by a variable
magnetic field. Another separate correction to the ani-
sotropy is necessary due to a background count rate
present in all real particle detectors. To derive this
relationship, assume the background count rate is
isotropic. Using eq. (3), the true anisotropy for any
harmonic is given by

> - . . e T o -

- general case. Not only are the corrections easy to apply,

&, (true) Ar = A

Ap(true) B A,—B

.

|
= ——— £, (measyred).. -~

(15)
I—B/Ao ﬁ ’

where B=background count rate and A, =average :
measured count rate. This term, which is exact provi-
ding B is isotropic, must now be added to egs. (12) -.
and (14) to form the most general correction factor. ‘
In conclusion we feel that the corrections derived
above are reasonable approximations to the more.

they can be calculated without reference to the magnetic
field data which can be added later. In practice cos(g)
is usually not included in the correction factor but ds
monitored individually?). -

4. Standard errors

We now look for a reasonable standard error that is
applicable to both the magnitude and phase of the
measured anisotropy. Here, as before, the final goal ©
is to find simple analytical expressions that will allow = *
a confident interpretation of the data. :

We start by examining the influence of the counting
rate y; on the anisotropy. In order to relate the error = -
produced by the initial data to the anisotropy as derived
by the Fourier expansion, we introduce the standard
definition of the variance®)

r 2
-3 (L) o
i=1 ayi

where of., is the variance of y; in sector i, P is the func-
tion of interest, and o3 is the variance of the function.
In this problem r represents the total number of sectors
and y; is defined as the number of counts in sector 7.
This relation, as given above, is valid only if the various i
yi are independent of each other and if the counts per - -
sector are high enough to use a statistical distribution. '
Since the cosmic-ray particles obey a Poisson statistical

distribution, af.‘ = y;. Then the standard variance for .-
the amplitude and phase, for any harmonic n, are given
by

r ain 2
agn = Z ( ) Yis
(=1 \0y;

r 60,, 2
oo, =Y ( ) .
=1 \ 0y,

Using the definition of ¢, from eq. (3),

(16)

{
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"where W',
© section and &, is the true anisotropy. Similarly
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t_f_,_lg'g(m, . A,,(40)
vy A \éy, A, Qv
22 A
= a, cos(n(?)+ b, sm(n())———(hﬂ , (18)
race, 2K}

is the correction factor discussed in the last

‘\‘:2
~""n. . R
5 La, sin(n0;) —

ey rdgé;

ca,

b, cos(n)]. (19)

- &

Now combining these expressions with eq. (17) and
utilizing the relationships applicable to a finite set of
Fourier orthogonal functions®), the exact results are

L, aw? DRI S
0i, = == (1+D,), Crem
rd,
w2
2 =22 1_p), (20)
B ,"A()én
where !
Wz r
D, = (a? — b} )cos(2n0)+
rAgg«f, i; [
+ 2a,b, sin(2n0,)] y;, ¢ (21)
and —1<D,<1. It should be pointed out that

D,= +1 only if all the particles arrive in one sector.
Of course any such distribution clearly violates the
original assumption of a cosine distribution and the
numerical result for £, would not be meaningful. Also
if the distribution is isotropic, then D,=0 due to the
oscillating terms. These results imply that D, < | when
¢, is small, which coincidentally is the only time the

cosine fit can be valid. We therefore assume D,=0.-

Now defining the total counts for all sectorsas C=rA,,

and defining the error as the square root of the variance, .

we obtain the simple error expressions’?)

. = (22)

0= W20, e, =0y G,

where ¢, represents the true anisotropy. Observe that
the error is merely a combination of the geometrical
smoothing effects which is represented entirely by
I'.. and the actual limited Poisson count rate repre-
sented by C. The phase error is also related inversely
to the anisotropy magnitude but this is not unexpected
since #, becomes undefined as &,—0.

The above results allow large quantities of data tc be
processed to find relevant anisotropies without exa-

TR —
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mining cach picce of data by hand. Likewise, the errors
predetermine the minimum value of Z, that can be seen
for a given count rate and for a given time period. -

. ’

L4

5. The background anisotropy. .~2-..

In order to test the effect of the count rate C on the
measured anisotropy and in order to test the validity of
the derived error expressions as illustrated by eq. (22),
we developed a computer simulation of the COS fit to
the cosmic-ray anisotropy. A brief description of the
simulation along with a detailed discussion of the
surprising results and their lmphc;!mnc are gncn

-below.

We begin by considering only the ﬁrst harmonic of
the anisotropy. Here the correction factor is set equal
to one since the interest is only in the variation with
respect to C. The simulation then consists of the follow-
ing steps. First, select a perfect COS distribution of
amplitude &, and phase 0, . Second. fit this distribution
to a set number of sectors r and total counts C.

LENEL LAY BLALAAS S A S A LA TTTTTTY ™7 TTTrT

PHASE ERRI Vs COUNT RATE
100° ROPIC - =
ISOTROPIC ST DEV: —— STANDARD DEVIATION (Phass’
—~=-- SiGMA (Phase)

( Ist HARMONIC, 8 SECTORS) =

:

-

- ., =

X

DoTDM MBIV

3 AMPLITUDE Vs COUNT PATE
| STANDARD DEVIATION
? -=--- AVE AMPLITUDE
R * VL 2 e
_8 Nee t-rox]

Y | T T — L
aIOK)— — = -
p J
L
T J
T
V] -
1]
E
* 50 -

b -

\\
L
10}~ }
ISOTROPIC
00! TN s Ut n' 1

TOTAL COUNTS

Fig. 3. Results of computer simufation of the anisotropy COS fit.
Notice the finite isotropic backgrniund anisotropy.
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Third, read cach sector count rate into a Poisson
random number generator that is normalized to the
tetal counts C. Finally, the resulting sector count rates
are refit by a COS distribution as defined in eqs. (1)
{6). This process is repeated a few thousand times for
cach C so that an average and standard deviation can
be formed for both the anisotropy magnitude and phase
The results Tor various values of &, as a function of ¢

with r=8 ure shown in fig. 3. Observe that the average

anisotropy amplitude, shown in the lower section of

fig. 3, is denoted by the dashed line while the solid
lines represent one standard deviation from the average.
In the upper section of fig. 3, the phase error is depoted
by the dashed line while the solid line represents one
standard deviation from the average. The key results in
fig. 3 are seen to be the following:

1) The average anisotropy amplitude accurately
reproduces the initial amplitude for large values of C.
But as C decreases the average amplitude alwayvs
increases compared to the inttial amplitude.

2) For a zero initial anisotropy, i.e. isotropic condi-
tions, there always exists a finite measured amplitude
that_is due entirely to Poisson statistics. In fact, our
studies show that this background anisotropy follows

1.00¢
+

1 11 "

AMPLITUDE

DI.D2.EI-F
0.50

0.33

0.17

AMPLITUDE Vs.COUNT RATE
(1st HARMONIC, 8 SECTORS)

very closely the relationsihap

da > A BOHE (),

where  (1.C) represents one standard”desiation, This .
formula is depicted by blaek-dots in fig. 3. The actual
average calculated isotropic background amplitude is .~
the bottom dashed curve with one standard deviation =7
described by the solid lines. The physical con<equence ™
of these first two remarks is simple: all measured ani-
sotropy amplitudes are biased in the upward Jdirection.

1) The ervor ax,, although not drawn in fig. 3, is *
always shightly larger than the standuard -leviation
caleulated from the simulation. “The difference hetween
the two is not large and tends to decrease with increasing
C.

4) The crror gy, converges with the standard devi- -
ation for large values of C, but for small values of C -
the two curves diverge radically. The region where the* -
breakdown occurs can be seen, from fig. 2, tn bz related
to the area where the average anisotropyv amplitude:
starts to increase. This region begins when the back-"
ground anisotropy is no longer small compared to the.
actual anisotropy. Above this zone, denoted empiri- .
cally by &, ~2¢gg, the phase error is accurate.

i
5.
i

i

ISOTROPIC
BACKGROUND

1.00 2.00

* 1.50 2.590

LOG,4(TOTAL COUNTS)

Fig. 4. Actual calculated anisotropy amplitude data from the LET-I detector on board Pioneer 10. The predicted isotropic bz~

amplitude is shown for comparison.
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To investigate the above observations in more detail,
the simulation was rerun for the case of the first
harmonic anisotrspy divided into four sectors, If we
again plat the calculated anisotropy amplitude vs the
total counts €, the resulting curves are identical to the
case of the first harmonic anisotropy that is divided
into cight sectors - including the isotropic background
CuIves. the Poisson statistical variation is inde-
pendent of the number of scetors and depends only
upon the tetal number of counts.

Rerunning the <simulation for cases considering the
second  harmoenic with four or
similar results to those discussed above.

Thus.

cight sectors slm\\\
I'here .1ppml
to be no major differences between any of the obser-
vations, But this is to be expected since the derived
stundard errer expressions are independent of both the
harmonic number and the number of sectors.

Finally. in order to check the applicability of the
isotropic hackground anisotropy, we have examined
actual data from the GSFC-UNH cosmic-ray detector
located on Pioncer 10 during times when the aniso-
tropy is known to be small. A typical sample of the
calculated anisotropy amplitude as a function of the
total number of counts is shown'in fig. 4. The average
isotropic background predicted by eq. (23) is overlayed
in fig. 4 as the dashed line while the solid lines represent
one standard deviation from the mean. The agreement

between theory and actual data is remarkable, We take
this agrcement as conlirmation of the validity of thc
caleulated isotrepic background anisotropy.

We have also L\.mnncd the Rageteal. %) data on the
quict time galactic cosmic- m\ anisotropy in the same .
mmanner as above. The resulting data are ;hown 1,
fig. 3. Clearly the anisotropy amplitude and. by asso-
ciation. the phase for the 45 90 MeV proton data are s
meaningless. Even the best 7.5 45 MeV data point, =7
although not within one standard deviation of the -
mean isotropic background, is most likelv influenced
by it Certainly the amplitude and phase are not as |
accurate as reported.

We note that Rao et al."™) had cvprc:sed their con- .
cern about the validity of ¢ for the 45-90 MeV proton :‘:
energy interval and that other groups have wnored .
this warning and have used this information in their
present-day models'").

For completeness, we now briefly consider the prob- |
lem of correcting the measured tirst harmonic ani--~
sotropy amplitude so that the influence of the isotropic
background anisotropy is taken into account. Since the
magnitude of &y was established by the simulation £
program, the problem is approached empirically. First, - ===
a measured ¢ curve from the simulation program is
selected. Then various functions are fit to the avcrage
measured ¢ in an attempt to reproduce the truc initial

e —
R —

70 v T T l L T v L [ T T ] T T T T
1 45-90 Mev
L4 - )
[N } (RRO, etal)
\ 0 75-45 MeV
N\
32 N From RAC,U.R., et al,
I.Cx)J 50} N J.Geophys. Res,, 72,4343,1967.
=2 N\
5 TN
S a0} N ]
“t N
> ® [
o
E 30PN E
[0}
2]
< .
< 20} Isotropic B
Background
™~ (4 Sectors)
Re] 2 4
N ) .
2 1 1 ) O S S U l 4 N ) S SR SR N ? R
10° 108 10
TOTAL COUNTS
Fig. S. Roo et al.'?) quiet time anisotropy data compared to calculated 1sotropic background anisotropy. The number abave cach

data point represents the data subset number as given in table 2 of Rao et al.!?)
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{c = Corrected
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C
5}~ .
" 1 Lo Ll 1 N ! N
o' ‘ o 10* 10*
COUNTS

Fig. 6. The anisotropy background corregtion resulting from ¢q. (24). The & (measured) curves arc taken from the computer simulaticn.
l f

anisotropy. The empirical function that best corrects

the various ¢ curves is given by .

(2 _ LR : -
“(true) = | 1/C=35/Ch)*,  for  C =350,
(62 —2.88/C)F, for  C <350,

(24)

where C is the total number of counts and = H", £ ...,
where W, is given by eq, (12) and £, is the actual
measured anisotropy. The result of this correction can

be seen-in fig. 6. In practice this correction can only

be used when &, ... = &ng-

6. Conclusions

We have presented a systematic study of the cosmic-
ray anisotropy COS approximation. The initial equa-
tions derived from the Fourier series expansion tor the
nh harmqgnic component of the anisotropy are com-
pletely general. This includes the equations derived
from the least-squares fit which allow a determination
of the anisotropy for any harmonic n such that
2a+1 < r, where r is the number of sectors. Although
<everal assumptions were made in determiming the

.
simple analytic smoothing corrections given in section
3, we believe that they are accurate provided onlv that
the cosmic-ray distribution can be approximated by a
COS expansion and that the average energv of the
particles are =1 MeV.

We conclude, after detailed investigation and impie-
mentation for more than a vear, that:

1) The error expressions in eq. (22) are accurare and
easy to apply to large amounts of data. We urge
that they be adopted as a standard whenevzr the
COS approximation is used in determining the
anisotropy. ’

.

2) The isotropic background anisotropy exists zund
is well-described by ¢y~ (3,C)+ (1€ I35
will influence ¢ for low count rates.

3) Smoothing factor corrections, such as th<e n
section 3, must be applied in any detailed com-
parison of the measured anisotropy with theorv,

4) The three-dimensional direction of the inter-®
planetary magnetic field must be included in any
detailed analysis of the cosmic-ray anisc'ropy.

The authors thank Drs. J. A, Lezniak and * (.
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Multisatellite Fourier Analysis Program
Anisotropy Check Routine

Overview

The Multisatellite Fourier Analysis Program (MFAP) has an option to alter the
data after Fourier analysis. This is done via a subroutine called SUB2. (See
the MFAP System Documentation Sections I.A. and IX.A.1§. for a further
description.) This document describes a SUB2 routine which performs a check
on the Fourier analysis anisotropy values. If a value is less than twice its
deviation, it is negated. This flags the plotting routines to ignore the
value, and the listing shows the negative anisotropy.

JCL. Required

1. SYSLIB DD DSN= SBPI0.FOURCHK.LOAD,DISP=SHR
data set.

2. Same JCL as for the sectored rates.
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Sample JCL - SUB1, SUB2

This example is for PIONEER. The SUB1 routine to be used

in file 'SEJSS.FOURIER,DIFFRNTL.LOAD?., *

7/ ID DSN=SEJSS. FOURIER. S1.LOALD, DISF=SHR

// EXEC LOADER,REGION=Z70k, PARM="21ZE=260kK, EF=MAIN~
//#~—— FOR DOGCUMENTATION ON LINKING INTO THE PROPER SATELLITE.

/7 # GED THE FILE “SEJSS.MULTISAT.SOURIER(DOC) -«
A S , o |
//SYSLIE DDV OSN=SEJSS. FOURIER. DIFFRNTL. LOAD, DISP=SHR

// oo DSN=SEJSS. FOURIER. PIONEER. LOAD ., DISF=S1HR
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VII. Multisatellite Fourier Analysis Program
IMP-8 System Documentation

A. Overview

The satellite-dependent (SD) IMP routines allow the IMP 8 data to be
processed through the Fourier program's analysis and output procedures.
The satellite-independent (SI) routines are contained in separate source
and load modules from all SD code, and thus, any satellite may be linked
via JCL.

This document describes the SD user input required for IMP Fourier
analysis. The main document containing the SI user input must be reviewed
prior to this one.

1.  Input Required

a. Satellite independent namelist INPUT

(1)  The RATES parameter may have the following values:

RATES Parameter Rate Signified
MED1 DIEF G
MED2 DI D2E F G
MED3 (DI+EI)1I E F G
MED4 DI (DI+EI)1 E F G
LED1 Al B C
LED2 Al B C
VLET1 DI DIT F
VLET2 DI DIT (SUM)1ID F

(2)  The parameter SATID must be 'IMP-8'.

b. IMP namelist IMP

&IMP ZMAG,QLED

This namelist must appear after each namelist set of the SI

routines.
Name Type Default Description
IMAG(8) A8 blanks List of magnetic field tape
names in order
QLED L*1 T T=use corrected LED rates

data
c. Counts Tape

This is a standard label, fixed, blocked tape in the IMP counts
tape format. It is provided by the tape catalog.
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d. Tape Catalog

110

The catalog file name must be entered in the JCL for unit 25.
The IMP catalog is in:

'SEIMP.DEX52CAT,DATA'

Qutput Generated

(See Fourier Plot Program SI Documentation)

Module Documentation

Module

INITL

MAGADV

RECADV

VALID

CATLOG

Description

Initialized I/0 devices, common blocks, and
reads in the SD namelist PIO

Reads an averaging interval of magnetic
field data

Reads in one rate and magnetic field data
average into the RATDAT and MAGFLD commons

Validates the input namelist data for the SI
READIN module

Retrieves a tape name from the IMP-8
catalog.

This is an IMP-8 system routine.
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4, Program Structure

a. Block Diagram

*=Satellite independent module

MAIN*
A
RECADV
DATFIL MAGPRO* MAGADV NXTRAT GETAPE TIMJUL*
A
READIN*
INITL VALID

TIMJUL* CATLOG

b. Algorithm

The SI module READIN reads the SI namelist and calls VALID to
validate them. Then it calls INITL to read in the SD namelist
IMP and initialize the I/0 devices. Control is returned to MAIN
which succesively calls RECADV to accummulate one average point
of sector counts and if desired, magnetic field data. RECADV
reads in a flux record, stores it, and collects magnetic field
data if desired (MAGPRO, MAGADV).



mult-four2 112

c. Error Handling

The following return codes and messages may be printed:
(See SI System Documentation for other handling.)

Return Code Description
- '"INPUT TAPE READ ERROR, SKIP THIS RATE'

A tape read error on the input tape
caused a volume to be skipped.

5. Common Block Definitions

a. Common: /IMPUSR/ZMAG(8),QLED

Name Type Description
ZMAG A8 A Tist of up to 8 magnetic

field tapes in chronological
order of use.

QLED L*1 T=use only corrected LED
rates.

b. Common: /RECORD/IBUFF(615)

Name Typ Description
IBUFF 1*4 This buffer is used to store

the input tape record. For
detail on its contents see
IMP-8(J) EXP52 Counts Tape
Format document in the IMP-8

documentation set.

6. Individual Module Documentation

A11 modules were designed, coded, and tested by Jenny S. Jacques,
Code 664, 1980.

a. (1) Module: INITL - Initializes the I/0 devices, common
blocks, and reads in the IMP namelist.

(See the "Fourier Plot Program Satellite Independent System
Documentation" for a basic description of .INITL. The
differences of additions/deletions are described below.)
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Differences or Additions/Deletions

1. There are 8 possible rates

2. A namelist IMP is read in

3. CATLOG is called to fetch input tape name.
Module:

MAGADV - Magnetic field tape advance - This

routine collects the magnetic field data,
within the time range passed, from the
fourier magnetic field data base tape.

Calling Sequence:

SUBROUTINE MAGADV (INTSEC,INTRVL,QNEW)
Name Type 1,0 Description
INTSEC 1*4 I Averaging interval in seconds
of the input data tape
INTRVL(2) 1*4 I Time range to collect the
data over, in modified Julian
time
(3) Module Cross Reference:
Called by: RECADV
Calls: TIMJL2,JULTIM
(4)  Common Usage:
Common Variables 1,0
MAGFLD BMAG,QPSECT,QTSECT, 1,0
COSIN,BSQR ,MAGCNT,IZFILE
MAGIN all 0
IMPUSR IZMAG I
(5) Significant Local Variables:
Name Type Description
MT IME I*4 Modified Julian time (MJT)
from magnetic field tape
QWAIT L*1 T = Interval on tape is later
than current time range
QEOF L*1 T = And end of file mark was

detected on the magnetic
field tape
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Name Type Description

IEND L*1 Ending of time range (MJT) to
process

ITAPE I*4 Counter to the ZMAG tape
namelist,

(6) Logic:

Check to see if the Tast time left a record not used yet in
the buffer (QWAIT=T). If so, skip around the FREAD.
Otherwise, read in a record from the magnetic field tape.
Loop, summing as many records as necessary to complete the
time range. If an EOF occurs, continue to the next file.
If an EOV occurs, look for the next tape name in ZMAG. If
none are available, set QOFF to .true., causing further
calls to simply return.

c. (1) Module: RECADV - Reads in one average of sectored counts
data and, if desired, magnetic field
data.

(See the "Fourier Plot Program Satellite Independent System
Documentation" for a basic description or
additions/deletions are described below.)

Differences or Additions/Deletions

1. RECORD is used to contain the input tape rates data
records.

2. CATLOG is called to fetch a new tape name if the
current one ends with time still left to process.

d. (1) Module: VALID - Validates the input satellite independent
namelist values.
(See the "Fourier Plot Program Satellite Independent System
Documentation" for a basic description of VALID. The
differences/additions/deletions are listed below.)

Differences on Additions/Deletions

1. There are 8 possible rate ID's.
2. The rate ID's to validate are unique to IMP-8.

Program Assumptions and Restrictions

1. The flux tape requires 32K core if BUFNO = 1 in the DCB is
specified.
2. The flux tape must be of the standard format for flux tapes for
IMP-8.
3. The input tape catalog must be the tape catalog named in Section II. 3.
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B.

Multisatellite Fourier Analysis Program
IMP User's Guide

Overview

The satellite-dependent (SD) IMP routines allow the IMP 8 data to be
processed through the Fourier program's analysis and output procedures.
The satellite-independent (SI) routines are contained in separate source
and load modules from all SD code, and thus, any satellite may be linked
via JCL.

This document describes the SD user input required for IMP Fourier
analysis. The main document containing the SI user input must be reviewed
prior to this one.

1. Input Required

a. Satellite independent namelist INPUT

(1) The RATES parameter may have the following values:

RATES Parameter Rate Signified
MED1 DIEF G
MED2 DI D2 E F G
MED3 (DI+EI)1 E F G
MED4 DI (DI+EI)1 E F @G
LED1 Al B C
LED2 AL B C
VLET1 DI DII F
VLET2 DI DIT (SUM)1D F

(2)  The parameter SATID must be 'IMP-8'.

b. IMP namelist IMP

&IMP ZMAG,QLED

This namelist must appear after each namelist set of the SI

routines.
Name Type Default Description
IMAG(8) A8 blanks List of magnetic field tape
names in order
QLED L*1 T T=use corrected LED rates

data
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¢. Counts Tape

This is a standard label, fixed, blocked tape in the IMP counts
tape format. It is provided by the tape catalog.

d. Tape Catalog

The catalog file name must be entered in the JCL for unit 25.
The IMP catalog is in:

' SEIMP.DEX52CAT.DATA'

Error Handling

Only the satellite independent errors will terminate the program.
See Section IV in the document: Multisatellite Fourier Analysis
Program User's Guide,

JCL Required

1. Load module to link with SI routines:
'SEIMP, FOURIMP,LOAD'

2. Flux catalog, unit 25:
'SEIMP.DEX52CAT.DATA'

3. &IMP namelist for each namelist set.
4, Unit 9 defined as:

//FTO9F001 DD DSN=IMPJDUM,DISP=SHR,UNIT=(1600, ,DEFER),
/] VOL=SER=DUM1,DCB=BUFNO=1
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C. Sample JCL - IMP 8
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VIII. Multisatellite Fourier Analysis Program
Differential Rates Routine

Overview

The Multisatellite Fourier Analysis Program (MFAP) has an option to change

the data before it goes into Fourier analysis. This is done via a
subroutine called SUB1. (See the MFAP System Documentation Sections I.A.
and IX.A.16. for a further description.) This document describes a SUB1
routine which subtracts one set of sectored counts from the next and
stores this differential as a new set of counts. These counts then
undergo the same analysis as before. SUB1 also changes the labels
appropriately. If a succeeding rate does not exist (always the case for
the last rate) or is not acceptable for analysis, the differential value
can not be computed. In this case, a -2.0 is placed as a flag in the
accumulation time, and the value is ignored by plotting routines.

To involk this process, SUB1 for differential rates is compiled into a
load module and linked as the first SYSLIB data set. This causes the new
SUB1 to override the dummy (simply returns) SUB1 in the Fourier load
module, and thus be used to create differential sectored rates.

1. JCL Required

a. SYSLIB DD DSN=SB#PR.FOURDIF.LOAD,DISP=SHR as the first SYSLIB
data set.

b. Same JCL as for the sectored rates.
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Multisatellite Fourier Analysis Program
Anisotropy Check Routine

Overview

The Multisatellite Fourier Analysis Program (MFAP) has an option to alter
the data after Fourier analysis. This is done via a subroutine called
SUB2. (See the MFAP System Documentation Sections I.A. and IX.A.16. for a
further description.) This document describes a SUB2 routine which
performs a check on the Fourier analysis anisotropy values. If a value is
less than twice its deviation, it is negated. This flags the plotting
routines to ignore the value, and the listing shows the negative
anisotropy.

1.  JCL Required

a. SYSLIB DD DSN=SB#PR.FOURCHK.LOAD,DISP=SHR as the first SYSLIB
data set.

b. Same JCL as for the sectored rates.
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C. Sample JCL - SUB1, SUB2

This example is for PIONNER. The SUB1 routine to be used is the file
'SEJSS. FOURIER.DIFFRNTL.LOAD'



Blank Spacer Page



Gl
\f/&& oAt Aoadl, _yngaleiles (4 A

ITMPY  oahe
, L
FI SETBS. N Ps LD MF!?&L@M, SBHIM, Fo LRIMPE LoAD
= ) SETA S INFOURS L+ LOAD neplocecs 53 PR FeuRST . coAD
G
(L,v(,\, k//i/}flc‘k&( u’\)(uk)%/ {rc. C({x. Q&/ KZ//L(,LV\ \%O
(LLL’\..,/ € @:2 CCd N L(‘L ¢

( 7%3,64,2 L pL&//L p te O M acet ?/‘/ e Cer
EC;/CC:&,U\) 3 4 //u(c, \

CE I T eresal

= 231

g

| A
W s

(i;&)

ma>

o0
6”“

| %w/“,“

N

No




I.

II.

weenS  APDTOUB.LOAD (g

7/11/80

- Nere

Multisaﬁellite Fourier Analysis Program
User’s Guide

Qverview

The Fourier Program is divided into two groups:

. Satellite‘indegendent code (SI) which performs the analysis.
« Satellite dependent code (SD) which reads in alluser and satellite
data and prepares it for the SI code.

N

The SI load modules are contained iﬁ *SEJSS.FOURIER.SI.LOAD’ and the SD
load modules are located according to their name as follows:

Satellite ' SI Load Module

PIONEER F,G (sectored) *SEJSS.FOURIER.PIONEER.LOAD’
PIONEER F,6 (PHA) ‘ *SEJSS.FOURIER.PIOPHA.LOAD’
ISEE 3 “SEJSS.FOURIER.ISEE3.LOAD’
IMP8 *SEJSS.FOURIER.IMP.LOAD’
HELIOS A,B *SEJSS.FOURIER.HELIOS.LOAD’

Both the SI and SD load modules are specified in the JCL as described
later in this document. Documentation for user input, output, error
handling, and JCL in the SD routines is documented separately for each
satellite.

Input Required
A. Namelist parameters for five namelists as follows:

l. Namelist: INPUT

"~ Name Type Default Description

&

FROM(6) 14 ) Beginning time for analysis in
year (1978=78), month, day,
hour, minute, second.

TO(6) 14 ] Ending time for analysis in
year (1978=78), month, day,
hour, minute, second.

NUMAVG I4 1 The number of input intervals
' (volumes) to average into one
point.
RATES (6) A8 blanks Names for the rates to be processed.
FPARMS (9) A8 blanks The run parameters which specify

those Fourier parameters to output
on plots or tapes.



Name

SATID

INTSEC

QPRINT
QPLOT
QTAPES

QMAGNT

2. Namelist:
Name

IPRINT

3. Namelist:
Name

DEVICE
PLTDEN

QRATPL

QANIPL

Type

Defaﬁlt

Description

Choices are:

“AQ=flux

‘A1, A2%, A3"=anisotropy
harmonics 1-3

“PHIL’,‘PHI2’, PHI3 =Angle PHI
for harmonics 1-3

‘FLOW'=flow parameter

“MAG‘=magnetic field data

**The plots are determined by A@,Al,A2, and A3, A@=do
flux plot, Al,A2,A3=anisotropy plots for the first,
second, and third harmonics. All other FPARMS
parameters are used for the tape option.

Al6

I4

L1

L1

PLOTS

I4

I4

L1

L1

blanks

900

Default

EBCDIC satellite name.

Number of seconds per input
interval.

=print FOURIER results.
T=there will be plots made.
T=there will be tapes created.

T=process magnetic field data.

Description

1

Default

l=print only Fourier results
2=print counts and
accumulation times in
addition to Fourier results.

Description

1

1=Create SD4060 plot tape.
2=Create CalComp plot tape.

Plot point demsity in points/sm. ) |
The plot is 24 cm long. N

Create a rate (flux) plot.

Create an anisotropy and angle plot.



Name
QPOLPL

QBARR

IHARMS

FLMIN

FLMAX

4. Namelist:

Type
Ll

L1

14

R4

R4

TAPES

Default

data adjusted

data adjusted

Description

Create polar (cm) plots.

Include error bars on the
flux or anisotropy plots. if
they are being created.

0 = Do no anisotropy arrows
on cam plots

1 = do first anisotropy
dash arrow only

2 = do second anisotropy
solid line only

3 = do both 1 and 2

Flux plot minimum if
automatic scaling not
desired.

Flux plot maximum if
automatic scaling is not
desired.

This must be used if and only if QTAPES=T in the INPUT namelist.

Name
' QRTAPE
IRFILE

ZRVOL

QSTAPE

ISFILE

ZSVOL

Type
L1

I4

A8

L1

I4

A8

Default

blank

Description

Create a tape of Fourier parameters.
Start file number of Fourier tape.
Volume-serial name of the

tape to be used for Fourier

output.

Create a tape of counts and
accumulation time.

Start file number of counts tapes
Volume-serial names of the

tape to be used for counts
output.



5. Namelist: MAGNT

This must be used if and only if QMAGNT=T in the INPUT namelist.

Name Type Default Description

IHISTS 14 0 0 = do no magnetic field
histograms .
1 = do the phi histogram

B only

2 = do the theta histogram
only
3 = do both phi and theta
histograms

ZMVOL A8 blank Magnetic field data base tape name.

IZFILE 14 I Start file number on
magnetic field data base
tape.

~===NOTE====

The INPUT determines which of the other four namelists are to be used. These
other four namelist must appear in the order listed. The set of namelist
describing the characteristics of the job run may be repeated any number of
times with varying parameters. This allows several plots with different rate
combinations. All parameters except SATID, RATES, and FPARMS default to the
last value used in the previous namelist set.

B. 'Tape input 1is required as follows:

l. Plot Tape

This is a 7-track 556 BPI tape to be used for SD4060 of Calcomp
plots if desired.

®

2. Rates Input Data

This is satellite dependent (SD).

3. Fourier Tape

This is a tape used for Fourier parameter output if QTAPES=T in
the INPUT namelist and QRTAPE=T in the TAPES namelist, device
unit 10 is used for this tape.

4. Counts Tape

This is a tape for the counts and accumulation time output, only
, when QTAPES=T in the INPUT namelist and QSTAPE=T in the TAPES
namelists. Device until 11 is used for this tape.



5.

Ex:

Magnetic Field Data Base Tape .

This is a tape created for the Fourier program which contains
the magnetic field data as described in documentation on the
Fourier MAGDBG documentation.

Subroutine Substitution

There are two positions one may insert any subroutine by JCL »
methods:

l. SUBl - This subroutine is called before the Fourier routine
so that the data may be altered before Fourier
analysis.

2. SUB2 - This subroutine is called after Fourier analysis so

that the data may be altered before being output in
some form. :

If a SYSLIB card pointing to an object module with SUBl and/or
SUB2 as members are inserted before the SYSLIB card pointing to
the Fourier program object modules, then the program will accept
the new SUBl, SUB2 routines. If this card is not inserted, then

the dummy SUBl, SUB2 routines, which merely return control, are
used.

No Substitution:

//SYSLIB
!/
!l
/1

Substitution:

//SYSLIB
//
!/
//
!/

DD DSN=SEJSS.FOURIER.SI.LOAD,DISP=SHR
DD DSN-SYS1.FORTLIB,DISP=SHR

DD DSN=SYS2.FORTLIB.DISP=SHR

DD DSN-SYS2.WOLFPLOT,DISP=SHR

(USRID.PROG.LOAD has member SUB1)

DD DSN=USRID.PROG.LOAD,DISP=SHR

DD DSN=SEJSS.FOURIER.SI.LOAD,DISP=SHR
DD DSN=SYS1.FORTLIB,DISP=SHR

DD DSN=SYS2,FORTLIB,DISP=SHR

DD DSN=SYS2.WOLFPLOT,DISP=SHR

III. Output benerated

Automatic Output

1. The

input namelist data is printed.

2. ,A summary of how many plot tape files were created is printed.
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quer Option Output

Output Namelist: option flag

l. Fouriler Parameter Printout INPUT: QPRINT=T
PRINT: IPRINT=l
2. Fourier Parameter and " INPUT: QPRINT=T
Counts Printout PRINT: TPRINT=2

3. Flux or Rates INPUT: QPLOTS=T
PLOTS: QRATPL=T
4. Anisotropy Plots INPUT: QPLOTS=T
. PLOTS: QANIPL=T
5. Polar or Cam Plots INPUT: QPLOTS=T
PLOTS: QPOLPL=T
6. Tape of Fourier Parameters INPUT: QTAPES=T
TAPES: QRTAPE=T
7. Tape of Counts and INPUT: QTAPES=T
Accumulation Time TAPES: QSTAPE=T

Running the Program

The following steps must be done to submit a run.

Step 1

Hang all required tapes in the slots and determine the namelist
parameters to be used. -

Step 2

Edit the TS0 file which contains the JCL and namelists to run the jobe.
Change:

1. The JOBCARD
2. Plot tapes VOL=SER names
3. Namelist parameters to sult the desired input and output.

4. All SD unit DD card specifications as required by the particular
satellite.

Step 3

Submit the job using:

l. *SUB™*" if still in edit mode.
2. ‘SUB"name’ if the file has been renamed and saved under a new file name.

—-==If still in edit and the file is not renamed, end the edit session
with END”N command.——-
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V.

VI.

ﬁrror Handling

1

Return Code

The namelist parameters are checked to ensure typing errors were
not introduced. The program stop will return code of 1 if any
parameters are not valid.

If there is an I/0 error while creating the anisotropy plots, the
message :

*RECORD # OF HARMONIC # SKIPPED, I/0 DISK ERR.’

If there is a timing problem the message:
‘JULTIM HAS BAD TIMES’

is issued and the program stops with a return code of 7.
Consult person who maintains the program.

When an I/0 error is encountered while creating polar plots, the
message:

‘DISK READ ERROR IN. POLAR ROUTINE’
is uséd and the program continues. Some data will be missing.

When an I/0 error is encountered while creating flux plots, the
message :

'RECORD # SKIPPED DUE TO I/0 ERROR FROM DISK’

is issued, and the program continues. Some data will be missing
on the flux plot.

JCL Required

The JCL is contained in the file ‘SEJSS.MULTISAT.FOURIER(JCL)’. This
file contains only that JCL required for the SI routines. Comment cards
indicate where SD JCL is to be included.
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Multisatellite Fourier Analysis Program
IMP Usér’s Guide

Overview

The satellite-dependent (SD) IMP routines allow the IMP 8 data to be
processed through the Fourier program’s analysis and output procedures.
The satellite-independent (SI) routines are contained in separate source
and load modules from all SD code, and thus, any satellite may be linked
via JCL.

This document describes the SD user input required for IMP Fourier
analysis. The main document containing the SI user input must be
reviewed prior to this omne. '

Input Required

l. Satellite independent namelist INPUT

a. The RATES parameter may have the following wvalues:

RATES Parameter Rate Signified
MED1 DI E F -G
MED 2 DI ~D2 E -F -G
MED3 (DI+EI)]1 E -F -G
MED4 DI -(DI+EI)Ll E SF -G
LED1 Al -B -C
LED2 Al B ~C
VLET1 DI DII -F
VLET2 DI DII (SUM)1D -F

b. The parameter SATID must be ‘IMP-8".

2. TIMP namelist IMP

&IMP ZMAG,QLED

This namelist must appear after each namelist set of the SI routines.

Name ) Type Default Description
ZMAG(8) A8 blanks List of magnetic field tape

names in order

QLED L*1 T T=use corrected LED rates
data
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3.

4.

Counts Tape

This is a standard label, fixed, blocked tépe in the IMP counts tape
format. It is provided by the tape catalog.

Tape Catalog

The catalog file name must be entered in the JCL for unit 25.
The IMP catalog is in:

*K3.SBJPH.SB016.DEX52CAT*

ITII. Error Handling

Only the satellite independent errors will terminate the program.  See
Section IV in the document: Multisatellite Fourier Analysis Progrm

User’s Guide.

Iv. JCL Required

1.

Load module to link with SI routines:
’SEJSS.FOURIER.IMP.LOAD”

Flux catalog, unit 25:
*K3.SBJPH.SB016.DEX52CAT”

&IMP namelist for each namelist set.
Unit 9 defined as:

//FT09F001 DD DSN=IMPJDUM,DISP=SHR,UNIT=(1600,,DEFER),
// VOL=SER=DUM1,DCB=BUFNO=1
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The Fourier Plot Program

Function:

Analyzes particle flux collected into eight sectors:

Cutput:

1.FPourier analysis listings

2.Flux plots

3.Cam plots of the sector values :

L.Anisotropy plots, first,second and third order

S.Tapes of Fourier results and/or input sector counts
Organizations

The Fourier Plot Program is divided into two partss

a. Satellite independent part which performs:

Control of program flow, averaging, etc.

Plot code

= Listing code

Fourier analysis code

User input parameters which are satellite independent
b. Satellite dependent part which performs:
- User input parameters which are satellite dependent
- Opens and reads the satellite dependent input counts
- Verifies all user input parameters, initializing

the desired output devices and common blocks



Multi~satellite Concept of the Fourier Plot Program

SATELLITE INDEPENDENT

PART

PIONEER F,G | | PIONEER F,G ISEE 3

JCL dictates which satellite dependent module is

"plugged into" the satellite independent code,
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Multi-Satellite Fourier Analysis Program
System Documentation

I. Overview

A. Description

The Fourier Analysis Program analyzes sectored data from any
satellite according to the article "Limitations cf the CGS
Approximation as Applied to the Cosmic-Ray Anisotropy,' Nuclear
Instruments and Methods, #138 (1976) pages 191-199, R.D. Zwickl and
W.R. Webber. This analysis calculates the first three harmonics
from counts data divided into eight 45° sectors.

The following outputs may be generated:

1. Fourier listing of flux, a "flow parmeter", the anisotropies and
angles, and the sectored counts. The listing may also include
angle corrections to the sectors and magnetic field values.

2., Flux plots of flux vs. time.

3. Anisotrop& double plots of the anisgtropy values vs. time
plotted above the anisotropy angles vs. time.

4. Cam plots of the sectored counts and, if desired, magnetic field
cam histograms of the north-sourth and planar directions with an
arrow on the rates cam plots indicating direction of field.

5. Output tape of the sector counts for use with other programs.
6. Output tape of the Fourier results for use with other programs.

All plots may be sent to either the SD40€J pliottar cr the Calcomp
pletter.

The Fourier Analysis Program is essentially two sections:

1. Satellite-independent (ST)
2. Satellite-dependent (SD)

Thus, to incorporate a new satellite iInto the svstem, only 2 small
subset of coding 1s necessary which reads in extra user parameter.,
validates the data, zand reads in the sectored counts. How to code
this is included later in "Adapting the Fourler Program to a Hew
Data Source". '

Another feature of flexibility in this program is the use 0f two
subroutines which are called immediately prior to and after the
Fourier analysis formula are used. This allows the data to he
manipulated in any way before being output. The defauit routines
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‘Multi-Satellite Fourder Analysis Program
: System Documentation
I. Overview
A. Description

' The Fourier Analysis Program analyzes sectored data from any

The

satellite according to the article "Limitations of the COS
Approximation as Applied to the Cosmic-Ray Anisotropy," Nuclear
Instruments and Methods, #138 (1976) pages 191-199, R.D. Zwickl and
W.R. Webber. This analysis. calculates the first three harmonic
from counts data divided into eight 45° sectors. ‘

following outputs may be generated:

1. -Pourier listing of flux, a "flow parmeter", the anisotropies and
angles, and the sectored counts. The listing may also include
angle corrections to the sectors and magnetic field values.

2. Flux plots of flux vs. time.

3. Anisotropy double plots of the anisotropy values vs. time
plotted above the anisotropy angles vs. time.

4. Cam plots of the sectored counts and, if desired, magnetic field
cam histograms of the north-sourth and planar directions with an
arrow on the rates cam plots indicating direction of field.

5. Output tape of the sector counts for use with other programs.
6. Output tape of the Fourier results for use with other programs.

All plots may be sent to either the SD4060 plotter or the Calcomp
plotter.

The Fourier Analysis Program is essentially two sections:

1. Satellite-independent (SI)
2. Satellite-dependent (SD)

Thus, to incorporate a new satellite into the system, only a small
'subset of coding is necessary which reads in extra user parameters,
validates the data, and reads in the sectored counts. How to code

this is included later in "Adapting the Fourier Program to a New
Data Source".

Another feature of flexibility in this program is the use of two
subroutines which are called immediately prior to and after the
Fourler analysis formula are used. This allows the data to be
manipulated in any way before being output. The default routines



simply return. To involk changes in this way, a routine by the same
name is created in load form and JCL links it in before the Fourier
program modules. Thus, these routines are used in place of the
dummy routines. ’ ‘ :

B. Formulae

1. Fourier formulae:

The following expression for the rate is used:

3
Ci = Ab[l + Cn cos n(¢i-¢n)]
n=1 .
where
8
Lol ot o,
° 8 i=1

C, = sector rate,

z;n = An/Ao ’
2 2.1/2
An (an +bn ) R
Wn 8
a =— C,cos(nb,),
n 4 1=1 i i
Wn 8
b = z C, sin(mno,),
n 4 1=1 i i
60 = reference direction Sector o,

®

1 angle in direction of Sector i,

@
0

1 -1
o tan (bn/an)+6°,

n = harmonic number,
1 = sector number,

W, = given weight factor, predetermiged, and
’ G = geometric factor of counter (cm‘ster).

i



C.

Timing System

The times input by the user or from input data are in year. month,
day, hour, minute, seconds. The Fourier Plot Program converts all
times into one number, the "Modified Julian Time" which is in units
of average intervals since January 1 of the epoch year hardcoded by
the programmer. Arrays with the days for each succeeding year and
days since January 1l are used in the conversion (See TIMJUL and
JULTIM). For this reason, the epoch year must be a leap year -1, or
the caunt of days will be off by 1. The formula used is:

C

Modified Julian time = A*B + 5-+ C

where,

days since epoch year, Jan. 1 of epoch year = @
average intervals/day

seconds of day

seconds/average interval

Uawx

Thus, January 10, 1B 30T oS 1973, epoch year = 1971, average

2400 36102

interval = 900 seconds is converted to 376%96 + 900

Input Required

1. Input sectored data set:

This is entirely dependent on which satellite’s data is
processed.

2. Magnetic field tape (optional):

This tape is described in the document 'Magnetic Field
Processing for the Fouriler Program". The programmer may wish to
use a different format and alter the MAGADV routine.

3. User namelists:

These namelists are described in the document "Multi-Satellite
Fourier Analysis Program, User’s Guide'". .

Qutput Generated

1. Fourier analysis listing containing:

a. Flow parameter (see Formulae, Section IB)
b. Flux, deviation

c. Anisotropies, deviations

d. Anisotropy angles, deviations

e. Sector counts

f. Accumulation time



‘2.

3.

4,

5.

g+ Magnetic field values
h. Correction angles to sector @ offset.

Flux plots of flux vs. time.

Anisotropy plots of anisotropy values vs. time plotted above
anisotropy angles vs. time.

Cam plots of the sector counts containing:

a. Cam plots

b. Listing of Fourier parameters

c. Average counts

d. Magnetic field cam .plots

e. Magnetic field direction arrow overlaid on the counts cam
plots

f. Timing

g+ Direction arrow and line for the first & second order
anisotrophy overlaid on the cam plot

h. Rates label for each cam plot

Qutput tapes:

a. There are two input tapes available from this program:

l. Fourier parameters tape containing the results of the
analysis

2. Counts tape containing the sectored counts input to the
Fourier routines

They both are IBM variable, blocked record format, 1600

BPI. This means that four bytes are present at the start of
the first record of each file, the first two of which
indicate the file length in bytes (including the length
words). Each record has four bytes preceeding it, the first
two of which indicate the length of the record in bytes.
Consult the IBM tape format manual for more detailed
information. -

Each input namelist set creates a new file on the tapes.

b. Header record format for both tapes:

(If the JCL for a program reading this tape does not declare
the tape as VB, then there i1s an additional four bytes for

each file and 4 bytes for each record specifying the length
in bytes of the file or record.)

Bytes Type Description
1-16 Al6 Satellite ID, EBCDIC

17-64 6%A8 Rate ID“s of the run. Blanks are fill.




Bytes Type - Description

65-136 9%A8 Fourier parameters of the run. Blanks
are fill. .

137-140 I4 . Number of rates processed this run.

(later called i)

141-144 I4 Number of Fourier parameters stored
. this run. (Later called i)

145-148 I4 Averaging interval in seconds.
149-200 —_— . Spare

C. Record structure for the Fourler parameters tape:

k=3 if ‘MAG’ was not a FPARMS parameter. Otherwise, k=j-1

kl=i*k*2 = total R4 values; (parameter, deviation for k parameters
in 1 rates)

Bytes Type Description
1-12 6% 2

Year ,month,day,hour ,minute,second of
start of interval

next Kl*4 R4 each List of parameters,deviation values:

i * (k * (parameter,deviation))-

next 24 R4 each Magnetic field data:

Bytes
1-8 = Magnitude of field

9-16 = planar direction, deviation of

field
o 17-24 = polar direction, deviation of
field
D. Record structure for the Counts tape:
K=10*i = total # of counts data words
Bytes Type Description
1-12 6*%12 Year ,month,day,hour ,minute,second of
start of interval
next K#*4 R4 each

List of the counts data for each rate:
1 * (accummulation time,8 counts,sum)

E. JCL

DCB=(BLKSIZE=7294 ,RECFM=VB)




System Configuration
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Trtroduction

The Multi-satellite Fourier Aralybls Program is a system
of subroutines that may be divided into two sats:
i) The satellite independent modules (SI)
ii) The satellite dependent modules (SD)
The system 1s organized such that any satellite data can
link inte the ST modules by supplying the correct SD modules.,
It then receives Fourier analyzed data in the form of listings
and/or pviots. This saves design, coding, and testing tiums
for 211 analysis, listing, and ploitting routires.
It should be noted that there are ftwe subroutines that

simply return after being cal

i
C
P
Lo
{D
>
€
[
bx

directly vefore Fourier . anelysis, and the cther, SUEBZ
is called immediately following enalysis. This allows
either subrcutine to be substituted for by lirking in the
new load module before the ST locad modules, thereby
substituting in special i vte manipulation. functions prior
to or after analysis. Section 8§ contains those SUBT and
SUB2 routines already devised for special uses.

This document defines all the ssatellite dzite gystems
developed to date: <he iaternal code description, o user's
guide, and semple JCL for running the program. The nexd

page lists the data sets used in this

a

_system, the source,

JCL and LOAD data sets. The source will be spooled to tape



Source
1. Source for satellite independent and dependent modules is
M TIS /YT,
in file 'SBPIO.FOURIER.SOURCE''  with the partition names as:

a.SATINDEFP - The satellite independent code

b, IMP8 - IMP 8 sectored rates

Cc.ISEE3 - ISEE 3 Cosmic Ray sectored rates
d.HELIOS - HELIOS A,B sectored data

e .PIONEER -~ PIONEER 10,11 sectored data
f.PICPHA - PIONEER 10,11 PHA data

2. Source for the SUB1 custom modules is held in file
'SBPIO.FOURIER,.SUB1 ! with partition name as:
aJ,DIFRNTL - creates rate differences, substitutes for rates
3. Source for the SUB2 custom modules is held in file
'SBPI0.FOURIER.SUB2 ' with partition name as:

a. ANICHK - Ensures anisotropy is within 2 ¥ it's deviation

JCL
1. The JCL is held in file 'SBPIO.FOURIER.JCL ! with
partition names as :
a.jCL ~ This contains general JCL
b.PIOJCL - This contains PIONEER JCL
c.PHAJCL - This contains PIONEER PHA JCL
d.HELJCL - This contains HELIOS JCL
e, IMPJCL - This contains IMP 8 JCL
f.ISEE3JCL - This contains ISEE 3 Cosmic Ray JCL
LOAD Modules

1. The LOAD modules are held in the user id of the satellite :

a.'SBPIO,FOURSI.LOAD! -~ Satellite independent module



b.'SBPI0.FOURPIO,LOAD!' -~ PIONEER sectored rates

c.'SBPIO.FOURPHA,LOAD! ~PIONEER PHA rates

d. 'SBPIO0.FOURDIF,LOAD! PIONEER differential rates custom SUB1

e, 'SBPIO.FOURCHK,LOAD!' - PIONEER check on anisotropy values
custom SUB2

f.'SEIMP.FOURTMP,LOAD' - IMP 8 sectored rates

g. 'SDHEL, FOURHEL, LOADt' = HELIOS sectored rates

h,'SEICC.FOURI

CC.LOAD . ISEE 3 Cosmic Ray sectored rates
o (et W NG A ) N .

o RYL o, |
e v ' C'
LL o 1d = -

o)

J«'SBPIO,FOURCHK,LOAD! -~ Anisotropy value check custom SUR2

",J- e S Rz &

i.'SBPIO. Differential rates custom SUB

* Note that the LOAD modules will be permanently on disk, but the

SOURCE and JCL files may be archived by the system.
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VII. IMP 8 Sectored Rates
A. System Documentation
B. TUser's Guide

C. Sample JCL

VIII. Special Subroutine Substitution
A, SUB1 - before Fourier analysis
B, SUB2 - after Fourier.analysis

C. Sample JCL
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