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Wolf Research and Development Corporation PREFACE

PREFACE

\

~Fhis—vulurme-contains—the complete descriptions
/ and operating instructions for a-‘c/ollectlon of programs
/ used at the SPADATS Centez, Ent A1r Force Baseg,
/ Colorado Springs, Colorado ’I‘hzhcollectlon is primarily
useful as an aid to analysts in their task of positively
identifying objects detected in space. The documentation
does not purport to describe a total system, but rather
those programs which were deemed necessary to comple-
ment and support an already existing one. —
The major portion of these programs were originally
developed under the guidance and direction of Dr. Eberhard
W. Wahl. Valuable assistance in the analysis of the prob-
lems involved was also rendered by Dr. H, Beat Wackernagel,
Mr. Edward F. Casey, Mr. Laurence W. Cithbert, Mr. Richard
F. Jenney(WRDC), and Mr. Baruch Rosenberyg {WRDC). Three
~f the programs (ASUM, ISUM and SSUM) were developed and

written by the Air Force in Colorado Springs.
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Wolf Research and Development Corporation:

1.1

1.2

PSR, Position Situation Report (SITRPT)

Function

The position and other status information on the catalogued
satellites is supplied by this program. For a specified time either

or both of the following types of reports can be produced:

a) The Position Situation Report.

b) The Satellite Situation Report.

The Position Situation Report shows the status of all satellites

at a particular time each day. This report is issued in two forms:

1. A complete printout prepared for off-line printing
through the UBC.

2. A truncated version which can be punched on 5-level

paper tape for teletype transmission.

Because this report includes informatior on all known objects, it
may contain classified information. The reports are appropriately
marked automatically by the computer based on the classification
note stored in the Information file of the SEAI tape. Sez block
format in ISUM writeup, section 1-14.

The Satellite Situation Report contains only the information

not marked as classified in the Information File.

Input
In addition to the Schedule Tape control cards, this program
requires at least one parameler card (P in col. 80). The first of

these parameter cards specifies the following information:

{. The output option (col. 1):
a) O = Position Situation Report
b} 1
c) 2 = Beth Reports

Satellite Situation Report

n

1-1-1



PSR Wolf Research and Development Corporation
2. The time at which the report is desired: r
?
a) Two digits for hour (cols. 2, 3) g
b) Two digits for minutes (cols. 4, 5}
c¢) Two digits for day of month (cols. 9, 10)
d) Three alphanumeric digits for the name of
the month (cols. 12 to 14)
e)’ Four digits for the year {(cols. 16 to 19)
f) Z punch to signify zebra time (col. 6)
3. The Satellite Situation Report output code (col. 23):
a) Blank or zero (0) will suppress print of debris.
A test is made for a one punch in character two
of the first word of the I-File
b) One (1) will supply information on all satellites.
4. The Position Situation Report output code (col. 24):
a) Blank or zero (0) - perigee and apogee are
printed in statute miles.
b) One (1) - perigee and apogee in kilometers. ‘\j:
5. Parameter card indicator (P in col. 80)
Additional parameter cards can be included. These will be
treated as comment cards which will be printed immediately follow-
ing Part I of the Satellite Situation Report.
The Element file and Information file of the SEAI tape supply
the data required to compute the position information requested.
1. Output '

The output on logical eleven (11) contains the following reports:

1.

2.

The Position Situation Report if the output option zero (0)
or two (2) used.

The Satellite Situation Report if the output option one (1)
or two (2) used.

The Position Situation Report supplies the data listed below:

aj Time and classification of the report.
b) Satellite name, number and element number. ‘F
¢} Latitude and longitude west, both in degrees, at

the time of the report.

1-1-2
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“ d) The orbital elements, including the inclination in

degrees, the anomalistic period in minutes, and
the eccentricity.

e) The apog~ . and perigee in statute miles orkilometers,
depending on the output code used in col. 24.

f) The revolution number at the time of the report and
the RAN, LN, TN of this revolution.

g) The classification of the satellite - this field will be

blank if the satellite is unclassified.

The Satellite Situation Report is comprised of the following
informa’cioﬁ:
PartI — Objects in orB'yt inclusive or exclusive of
.debris depending on the code used in col. 23

of the first parameter card.

a) Time of Report
C b). Satellife riame, code name, source and
‘ V o S . launch date. .

¢) The anomalistic period in rninutes, the
inclination in degrees, the apogee and
pcrigée in statute miles.

d) Transmitting frequencies, if any.

e) Comments from the parameter cards which

" were included as input data, such as:

" 1961 OMICRON 3-52 FIFTY METALOBJECTS
IN PLANE OF 61 OMiCRON { AND
61 OMICRON 2 ORBITS ’

Part II— Object removed from orbit.

a) Satellite name, code, name and source.

b) Launch date and decay date.

1.5 =~ Processing
The first parameter card is deciphered in the CONBUF area
to determine the time requested for the report. The '"debris', out-
C‘ put, and code switches are set according to the selection made on

this first card.

1-1-3
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.1

2. "SUBROUTINE ERROR AT JA = . This will be

The elements are loaded into the EBLOC by the ELMLOD (’g
routine. The first entry of the I-File is read and matched against
the first element in the EFILE. If the two files are in phase, the
computations are initiated for the time requested. The appro-
priate report or reports are generated according to the internal
switches recorded. These switch settings are a result of the
paths selected by the first parameter card.

If the IFILE and EFILE do not match, a test is made on the
satellite number. A satellite number in the EFILE which is
smaller than that in the IFILE results in the comment "NO DATA
IN IFILE," These comparisons and the comments generated by
them continue until both files are again in phase or empty. This
procedure is followed since both files are assumed to be arranged

in ascending order by the satellite number.

Error Messages

1. OVERFLOW AT JA = .

on off-line output and an exit made to the executive program. ‘

Comment will be printed
b

printed on off-line output when an error return is made from

any subroutine. An exit will be made to the executive program.

Formulation

_ Initial computations from input elements as computed in BEGIN:

2 2 2
po = hxo + hYo 4 hZo

e ey
y = hYo /\/?o

z cosi = hzo/\/—p;
sin i = \’ 1- co-szi

b
"

i = tan-l sin i

COS8 1
sin §) = Wy /sin i : 6
cos §l = -Wy/sin i

{-1-4
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Q - ta -1 sinfl

o n cos()
2 L2
€o =Y axNo + 2yNo
2
ap = po/(l-eo )
_ 3/2
n = ke/ao
c' = —360M02co T
9 = a,(l-ey)

A

ke Lgo = ke J\{3— 5e,% - |cosif(1-3/2 e,%)-

sin® io(4- 2 e %) } | —

U

o Lo-Qoifwz > o0

o
Lo+ﬂoifw;° <o

U

o]

. Compute t = (tj - t ) . 1440

where t; is time at which position report is requested. Enter

XYZSB to get position at time t;

. Compute 6gG at t:

0G = 0o T - 9856472t (Days) + 360. 9856472+t  {fraction)

. Enter subroutine SUBPT to get sub-latitude and sub-longitude

points:
-1 ‘
Ng = tan  (y/x)- .0043752691-t - 6
= ta -1 UZ
¢ - n 2 Z
(1-£)%y1- U,

. Compute remainder of output:

PERIOD = 2w/XN
PERIGEE =za(l-e) -1
APOGEE = a (1 +e)-1

1-1-5




Wolf Research and Development Corporation

REV = REV_ +[T/PN] where ) (Z
2w 3 2q e? 2 3
PN = ™y {),- T JZ(——p ) [3-—2 - 8in 1 (4--—-z—4e )]}
-1 [“l°ez 2yn ]
E = tan
o 2
e’ tay :
! eza
- ——=2¥n
MN = Eo + 1+a,
n
1y
W = tan l: nJ
a
Xn
Mp = L-w*§ :-if W, >0, +if W, <o
M,,-M
- N "4
ty =t 7 T340 WherelMN-MA‘Sv

RAy =0 +8§) [( ty -t }+1440 - t)]

OG=

Ly = 360—RAN+6‘G1f RAy > GG

eGo +.9856472+t, (days) + 360. 9856472+t (fraction)

Ly = GG-—R_ANifRAN<6G

Glossary

Location Symbol

CCLAS
CHAR

CLAS

ELN

EMA M'a

EMN M
n

ENDDT

ENDDT!

EOESW

]

G

Meaning

1, some satellite in I-file is confidential
0, no confidential satellites

Number of non-blank characters in
transmitting frequencies

Classification of satellite, from I file
Longitude at node

Mean anomaly at report time

Mean anomaly at node

Decay date

Decay date N
END OF ELEMENT Switch ‘}

0, continue reading elements from EBLOC
1, all elements in EBLOC have been
processed

1-1-6



Wolf Research and Development Corporation

PSR

EOS

ERJ

ERJH
FLCt

FLC2
FNUM

FSQ
FTNOTE

HCLEM

HCLAS
HDCLAS1
HDCLAS?2
HELIO

HQ1
HQ2
HSAT1
HSATZ2
JUNK

LNCH
LNCHI1
KILOM

e

oo

END OF SAVED ELEMENTS Switch

0, continues reading elements from SAVE file

1, all elernents from SAVE file have been processed
Contains octal address of location where subroutine
or overflow error occurred

L or R indicating which half of ERJ

Fractional part of rotation rate of earth

(deg/ solar day) = . 9856472

Rotation rate of earth (deg/solar day) 360. 9856472
Number of lines of transmitting frequencies to
be printed

2 where f is flattening of earth = .112381556 x 10™
Footnote switch e

0, do not print footnote

1, print footnote to give units of heliocentric
satellite output

Arrayfor storage of elements of heliocentric
satellites from I file.

Classification of satellite

Contains first half of classification heading
Contains second half of classification heading

0, elements available in E file

1, position uncertain

2, heliocentric satellite

Perigee distance
Apogee distance

Year part of object name
Object name

0, or space, -always include satellite in Satellite
Situation Report

1, do not include in Satellite Situation Report unless
output Code 1 is desired.

Launch Date

Launch Date

0, perigee and apogee output to be in statute miles

1, perigee and apogee output to be in kilometers

1-1-7
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LONGW
OBJNO
OPT

‘OUTPUT

PERIOD

PGCNT
PHI

. PINCL

RAN

"REV

SATI

SCLAS

SINDX{ .
'SSLAM
. SSLAT

* TCLAS -

TDMON

 TFBUT
. TECNT

" THGRN

TI
TIF
T{H1
T1H2
TiH3

P

1

REV

"0, or space, do not print satellites havinga

Longitude (west) of subsatellite point
Satellite number

Output options

0, output is a Pcsition Situation Report
1, output is a Satellite Situation Report
2, oﬁtput is both reports

Satellite Situation Report output code

flill

puhch‘ in character 2 of the firstwordin I file

1, print all satellites

Anomalistic period (in minutes)
Page count ‘

Latitude of sub satelhte point-

_ Inclination

Right ascension of asgeﬁding node

Revolution number

Satellite number from I file ' .
1, at least one satelhte is SECRET

0, no SECRET satellites

Saves index register 1

Longitude (east) of subsatellite point '

:Latitude of subsatellite point

1, at least one satellite is TOP SECRET

" 0, no TOP SECRET satelhtes

4Tab1e used to convert month name to month

number

'Array for output of transmissmn frequenc1es

Count of numbér of character_s of transmitting

f_i’equency when packed for output

0 at time of report

Time of report in days since 1950

Fractional part of TI

Output buffers for time of report

Output buffers for time of report '

Output buffers for time of report

1-1-8
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PSR

TIW

TN t
TNI |
TNF

TOI

UGLAS

_UPESW

UPISW

UPSS

=]

Integer part of TL
Time of node

Time of node (integer)
Time of node (fraction)

Temporary, used in computing GG

0, no unclassified satellites

1, at least one unciassified satellite

E file switch . _

0, no elements in E file for previous satellite.
in I file; do not 'pick_ up more elements »

i, read next ele-men_t~frdm E {ile

I file switch ' '

0, no elements in I file for previous satellite
from E file; do notpickup next'elementfrom Ifile
1, read next satellite from I file.

SAVE file switch o

0, no elements in SAVE file for éfevious
satellite; do not' pick up next element from
SAVE file. o |

1, read next element fromi@SAVE file

T it
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'

Reod 1FILE
for
. Classification

‘ COGET

Decipher
CONBUF

‘ SITRP

Compute Time
of Report

Debris
Wanted in

Sit. Rpt.?

Yes

Set Logical

Switch to 4
Omit Debris .
Test

ELMLOD)

INITEL

INITSR
Initiatize
Switches

and Counters

@ Retrieve Next Elem. Set :

Load Elements into EBLOC ( !NITEL ) Initialize Sequential Pickup

1-1-10
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Set END
OF ELEMENTS
(EOE ) Switch

RUN |

Unpock First

. Word of Next
Satellite in

IFILE to Get
Sat. Number

Do Sot. Nos)
Agreel(EFILE
& IFILE)

‘ Yes

Is EFILE
Sot. No.
Smc!lest?

SMALLT
Clear Up~IFILE Clear Up-EFILE
Switch and Switch and
Get Sat. No. Get! Sat. No.
For Qutput For Output

Retrieves Next Element Set from EBLOC

KEY:

Compute Variables

Get Classification and Output Option

Check to See if Satellite has Decayed

1-1-11
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is
EOE Switch
Set 7

BUMP2

' Get Sof.
Naome for
Output

Is Sat
MHellocentric

s
Sotellite

No

Clossified?/
COMPORB
Compute Ty
in Minutes

leesm

Compute at Ty,
f; !J' \'nll’a'
n,€,Qq, Kg Lyg

KEY:

@ Compute Variables for Reports

Test Output Options
Test Switches - EFILE and IFILE

@ Test Condition of Sat.

1-1-12
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Wo!f Research and Development Corporation PSR
Yes Output No
Option
ll‘l " P
FLAG= 10 FLAG = 30
y.e
Compute ’ i
Period Compute
Apogee’ Q4 0tT,
Periges M
.Compute
Period
Apoges -
Perigese
Output '
Reques ted
in KM?
Convert Apoges |
and Perigee ‘
- to KM
~ Compute P,,REV,
No i Ep, My,
My Ty RALOg o
Awn
KEY:
Computes Posgition and ° Computes Subsatellite

/l -

Velocity

AS Test for Output Option
~

Point

Print Situation Report

PPN NI
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GETCL
Set
Output
Classification
. Yes /¢
¥
| yTClAsSy LY
lt It .
’ Clossified
. . .P . .
Should
Debris Test )Yo8 ”
3, ¢ b. Mod.-’ .
O e This N\ L L
No .shf.l.lif, - Yes .
\Ebrh ?
Save Eiements )
For Situation|.
" Report .
[
-t
‘g PANDT
Output-
 Print oang
' T.l.typ.'
KEY:

‘ Print Situation Report
Determine if EFILE a

nd IFILE in Phase

1-1-14
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PSR

K

Is It
Classified ?

PRONLY

Qutput-
Situation
Report -~
Print Only

Yes

®

Switch
Set?

Reset
uP—EFILE
Switch

EY:
Retrieve Next Element Set

)

SAME?
Reset
UP~-TIFILE
Switch
ETEST
Is
UR-EFILE Yes

Unpack First Word of IFILE to Get Sat. No.

1-1-15
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¥

TDECAY
Has
Satellite

STDEC

Store i,

information
For Decay
Printout

is
Saotellite
Uncertain?

Pick up
Heliocentric
Elements

KEY:
Test for Output Option

@ Determine if EFILE and IFILE in Phase

i-1-16
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PSR

Finish

Output
~Position

Report

I's Output

Option
n'u ?

Yos

PASS 2

Prepare for
IFILE Pass-

SAVE Areo for
Sit. Rept.

Retrieve

Next Elem.
Set from SAVE

Done
with SAVE
Areo?

Is Output
Option No
nzu ?
ENDRUN
Is Qutput
Option
uou?
Print
Footnotes
Comments ond
Decays

ENDUPS
Sel END OF
SAVE
Switch

KEY:

Determine if SAVE and IFILE in Phase

1-1-17
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RUN2
Do Sat \\
Nos. Agree? = Yes
(1IFILE ond/
_l.__,. \\_C‘_ALEL/ J TEOS
\ .

18 SAV
No ¢ E \ Yos Yas
r-**- . Atego
. tmaq! ?
\\jma Iely:‘/
l-u\nots +BIJMPSI
| 1 T T 5
L Clear | g Cleor wo /Sotellite \ yeq ),
L UP- SAVE i U UP-1FILE | "—“"\ C'O“"l'd,, ‘—‘1 e
P switen ; l Switeh |
[ » OV N e
) PRONLY
i u?puf—j )
{ Print_ Only L
! wuonon y
T | NGDO" . o
' ”“Imcx.sx'; J
/ _l.“” ‘.\‘ o
UP—IFILE  No
Switeh. :
Se?,’-w/-v
 SAMET2
[ Rno;
UP-IFILE
Switch
STEST
Is \ .
Yes UP-SAVE  No
N Switch
\ Selt? / o
' . SAMES
[ Prepare Reset
' for SAVE UP - SAVE
' Pickup Switch
Lo l— —I—
Gf9 /As}
- N
S ONEN
'EP) Complete Printout, if Required, and Exit @
(\‘-, 4\{43‘
L C8) Reatrieve Next Blem. Set from SAVE
N ‘sv
{\{?)
1-1-18 <N
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'd( termine new z-]o*ncnf for 'mu-lhh dcbrw,‘ to rcdcfmc thc—: orblt

-dlffercnt sensorq, or for dlff(,rt.u >au:”.1L(.S-

REDUCT, Nodal Crossing Reduction
Function

The ’\Iodal rossm;., Reduction Program, hercafter referred

to as the R(:(luctmn Program, rmlur‘:us obscrvations to Lhe last nodal

‘crossing; computes certain differences l)otwocn p'u'am(_tcrs ag

‘computed from the obscervation and s comput(,d from urlntal ele -

'

' mcnt's, .may comp.lrc “the dxffcrcn(( 5 ag_,amdt prcdu rm1rmu LuLL.i -

;mc: 11m1ts, and. pr oducus results in prlnted and/or telctype fOl‘Ind.t. -

Thn d1f£c cnees, or rct-udualq.. ay b(' uscd by the ,malyst to

stcrmmL the nece ssn; of ur;dutm gt xxstmg 0!'})11.41 ulcmcntq, to',,

. s
ol a ”lost',', satulhzc, or to Ldt,ntlf thc,obscryatzon. AR '
The obqu vation may bt, v1smxl adar, T’alfcr Nunn dopplcr,;

or du'u,txon fmlla . The fu'aL threoe arc'tro ztcd by thd.t port*on of

the R(,ductmn Provram known as tlu (:cnc al Rcductlon, and th('

l»,llaqt lwo hy 1h:, Dom;lu' R( durtmn ,n:rl Dlr.,cuon I‘mdcr 28 crluctmn,

rcspcctlvcly. Thc obg c*‘vatmn types may be 1ntcrm1xcd from

’

Table 2.1 spccifi(;b the particular residuals .qomputédy b",' sack

-of the scctions of the Reduction Program.

Table 2.1

Residuals Computed-by Various Program Sections
_ : - : , ’..1ghtAsccnexon Height
Program Section Time Residiual | Residual Residual
Vicual X X
‘Radar X X X
Baker -Nunn pA X
Doppler X
Direction Finder X
1-2-1
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2.3

For clarification of subsequent sections the following

definitions are made: ﬁ

A predicted quantity (generally indicated with a prime) is the

quantity calculated from orbital elements.

A computed quantity is the quantity calculated from the ob-

servation.

A known observation is a sighting which has been identified

by the sensor as a particular satellite.

An unknown observation (abbreviated UO) is a sighting which

. has not been identified by the sensor.

A verified observation is a known observation which may

.agree with the predicted position of the specified satellite.

An unverified observation is a known observation which does

not agree with the predicted position of the specified satellite. C

A tagged observation is an observation, either known or un-
known, which does agree with the predicted position of one or more

satellites.

An untagged observation is an-observation, either known or
unknown, which does not agree with the predicted position of any

satellite.

The station tape is a binary magnetic tape containing station

(sensor) coordinates for specified stations.

The residual of a quantity is the difference between the com-

puted and predicted quantity.

Input

Input data may be divided into four groups, some of which are
optional. The four are: 1) the switch option card, 2) the element Q’
lead card and element sets, 3) the station lead card and station cards,

and 4) observation lead card(s) and observations.

1-2-2
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2.3.1 Switch Option Card

The switch option card sets the program switches. Setting of
a switch is indicated by any non-zero numeric punch in the appropri-
ate card column. The switches and their functions are indicated in

Table 2. 2.

Table 2. 2
Program Switches and Their Functions

Switch Card

) Name Column | Function, if Set

SS1 1 Inhibits the use of the station tape (if set, the
station data must then be supplied as card input).

SS3 3 Inhibits the requirement for an interim tape and
also eliminates any check of residuals vs.
tolerances.

SS8 8 Causes all observations to be processed as

. unknowns, i.e., all are reduced against all

available element sets. Known satellite numbers
are retained for reference. Tolerance tests
will be made unless SS3 is set.

SS9 9 Causes teletype formats to be used in preparation
for the TELTYP Program.

SS10 10 Eliminates the rereduction, with open tolerance
gates, of untagged observations.

SS11 11 Uses the perigee distance from the element set;
if not set, perigee distance is computed.

2.3.2 Element L.ead and Element Cards

The standard element sets required for reducing known obser-
vations, as well as-the sets considered necessary in attempting to
tag unknowns, must be included as a part of the input deck. The
element cards must be preceded by the element lead card, identified
by having only a seven (7) punch in card column 8. At present, no

‘ more than 250 element sets are permitted. Reading of the elements

is terminated by either a station or an observation lead card.



REDUCT

Wolf Research and Development Corporation

2.3.3

2.3.4

Station Lead and Station Cards

0

To reduce observations, the geographic coordinates of the
observing station must be available. The coordinates may be read
from the station tape (if program switch 1 is not set) and/or from
standard station cards. Each group of station cards must be pre-
ceded by the station lead card, identified by having only an eight (8)
punch in card column 8. At present, no more than 750 stations may

be used.

Observation L.ead and Observation Cards

The observational data, the primary input to the Reduction
Program, must be in the standard observation format. Each
group of observations must be preceded by an observation lead card,
identified by the nine (9) punch in column 8. Column 7 of the lead
card is also used to specify the tolerances to be used by the program,
where applicable. Table 2.3 speci . :the codes and their corre- ‘i
sponding values. Lead cards to change the tolerances may precede
observations anywhere in the observation card deck. There is no
limit to the number of observations which may be processed, since

they are processed individually,

A blank observation card will terminate the reading of the
preceding group of observational data. A card with only a non-

zero numeric punch in column 79 will terminate the program.

Table 2. 3
Tolerance Codes and Corresponding Values
Right Ascension
Code ' Time (days) (degrees) Height (km)
Blank '
0 . 002 20 200
1 1 5 500
2 .003 ‘ 360 10000
3 . 002 360 10000 -
4 . 001 ‘ 360 10000 ‘
5 . 003 5 300
b .05 2.5 ‘ 200
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2. 4

2. 4.1

2.4.2"..

Output

Reduction results may be obtained in the form of
teletype paper tape and/or printed output, depending upon the
setting of program switch SS9 (cf. Table 2.2). Headings ‘a'.re
also a function of the teletype option. The outpuf consists of the

satellite inventory, output preliminary to the results, and the

results themselves.

Satellite Inventory "'

a 11stmg of the satelht .al_ud el _ment )

’_I‘he satellite inventor'gr:, :’
o G P e ig;
i3

nurnbers 'used,

'bly,a slash_

e 5%

t and to}eraqces maeffect for‘the results wmch‘

p—n .

Theaelem en

o

eccentr1c1ty

.

" Line 3. -Right ascensxon of. the ascendmg node its fifst'a.nd

one half of 1ts second der1vat1ve w1th respect to time,’
nodal per1od (minutes), and inclination
Line 4. Blank .

Line 5. The tolerances (time, right ascension of the ascend-

ing node, and height)
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2.4.3.1

‘telcfypc optmn and upon’ the typo 0[ ()bscrvatlon

: ,obscrvatlon type‘ w vnrountcrca

- typc. rcquxrcs th-:

A summary of the five lines in symbolic notation

follows:

Satellite No.

N to "PN c’ | d . a c
Q Q @ e @ o Py i
ot ,A‘R‘AL /} o

Resuits. for‘,",Tzii;";z,cd »of,'Kr'llc')‘\X'/n"C‘)"bm: rvatmns i
‘The- output format and quantxtlcs calculated dcpend upon ‘the

If teletype output

:1‘1 dc ‘urcd all hnadmgs nro omﬂt( d and thc output 18 placcd in two

ans.

: cal with those w 11r'h would have bucn prmtcd in onc l1ne had the

tolotype optmn not’ hocn sclcctcd In" thc followmg subsm tlons the’

jde scnptmn ‘will apply to a case m whu'h toletypc 0| tput 15 no.

, requestcd R Lo S

As nr;fc.d abovc,.thc hcadmu and 'quantitics cdm'p\jxtcd arc a

funr*twn of th(, ouscrvatxon typ .,a.ch hcadmg is descrlbcd bclow
The hcadmgq will be prmt( d e.xch '_!n% n dlffcruxt group of
thcxt 1%, cach tlme the obserVatlon

u'ac of a dxffcre L scctwn f'thc pro;,ram.ff"' '

Outpdt Corﬁmon“ to_ *All,Ob"é exﬂiraifioix »T‘ypévsi P B

The output from cach of thrc c portwn "_’:of thr. Reductlon Pro-

4 g,ram bcgms with two cumrrvon q'u‘d,ntxucs, thc 1d4 ntlhcatwn, ID,

and the LpOCh rcvolutxon, N Thc 1dcnt1f1ca.t1on ig composed of two
cight character words Wthh luay be symbohcally represented by

SATYMMDD HIII\/MSSB.

wherec
SAT = satellite number
Y = last digit of the year
MM = month of the yeax
DD = day of the month

1-2-6
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2.4.3.4

HH = hour of the day

MM = minutes of the day

SS = seconds of the day

ss = hundredths of seconds

If the teletype ending sentinel, $, appears at the end of any
line of output, the observation time precedes epoch by more than

four days.

Dimensions of the Output Quantities

Unless otherwise indicated the dimensions of the output

_quantities are in time in days, distance in kilometers, and angular

- measure in degrees.

Output from the General Reduction Program

Following the epcch revolution number are the argument of

L 3i@titude, U, of the satellite; computed time of nodal crossing,
T .SUB N; its residual, DELTA T; the latitude, PHI S, and longitude,
: ."".L S, of the sub-satellite point; the computed right ascension of the

ascending node, RA N; its residual, DEL RA; the computed satel-

life height, H(KM); its residual, DEL H; observation type, TYPE;

element number, ELEM; and station number, STA. If the observa-

tion type is visual, VIS, or Baker-Nunn, B-N, the height residual

will appear as 0-0. If the type is radar, RDR, the computed

quantity will be printed.

Output from the Doppler Reduction Program

Following the epoch revolution number are the computed time

" of nodal crossing, T SUB N; its residual, DELTA T; the great

circle distance, D, in nautical miles from the station to the gub-

satellite point; the elevation angle, H; the slant range, S; the

1-2-7
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element number, ELEM; and the sta.tionvnumber, SAT. The title ‘i
(DOPPLER) is appended to the heading, or in case the teletype

option is selected, the symbol, DOP, follows the station number.

2.4.3.5 Output from the Direction Finder Program

Following the epoch revolution number are the computed
time of nodal crossing, T SUB N; its residual, DELTA T; the
slant range, S; the computed satellite height, H(KM); the element
number, ELEM; and the station number, STA. The comment
(DIR FINDER) is appended to the heading, or in case the teletype

option is selected, the symbol DF follows the station number.

2.4.3.6 Observation Comments

The observation comments which may appear in the printed
output and their explanations are given below. Each observation

comment is preceded by the 16-digit observation identification. ‘E

Observation comments (1)-(3) may be printed for both known

and unknown observations.

(1) UNDEFINED OBSERVATION (2). Illegal equipment type
specified.

(2) NO STORED COORDINATES (2). The station coordinates
of the observing station are not available.

(3) IMPROPERLY LOGGED. An error exists in the observa-
tion, e. g., hours greater than 24, an elevation angle

greater than 90 degrees, etc.

Observation comments (4)-(13) may be printed for known

observations only. Each message is followed by the station number.

(4) NO ELEMENTS IN SYSTEM (l). The elements corre-
sponding to the satellite designated in the observation

have not been read. '

1-2-8
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(5) QPRIME LESS THAN OR EQUAL TO ONE (1). The
computed perigee distance is less than or equal to one
earth radius.

(6) DID NOT MEET RESIDUAL TOLERANCES (3).' The ob-
servation did not meet the specified residual tolerances.

(77 BAKER-NUNN OBS W/+RA (5). An observation is
encountered in the General Reduction Program with an
equipment type that indicates Baker-Nunn, but the ob-

servation does not have the required minus overpunch in
column 31 of the observation card. If the observation is

unknown, it becomes an untagged UO.

If the observation is unknown, it becomes an untagged UO.

(8) ELEVATION NEGATIVE (7). The elevation computed
from the declination by the General Reduction Program
is negative. If an unknown observation, it becomes an
UNTAGGED UO.

(9) PHI S GREATER THAN I (8). The computed sub-satellite
latitude exceeds the inclination.

(10) DF AZ NEGATIVE (6). A Direction Finder observation
has a negative azimuth.

(11) DF ELEVATION NEGATIVE (8). A Direction Finder
observation has a negative coniputed elevation.

(12) NON-CONVERGENT OBS (9). The computation of the
satellite latitude does not converge within the specified
number of iterations.

(13) SLANT RANGE (ZERO) (0). An observation with a zero
slant range has been encountered by the General Reduction
Program radar portion. If the observation is unknown,

it becomes an untagged UO.

P
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2.4.3.7

(14) UNTAGGED UO. An unknown observation has been
reduced against all the element sets and remains un-
tagged within the specified tolerances. If input options
specify, the observation will be written on the interim

tape and rereduced with large tolerances.

Miscellaneous Printed Output

matter and- their explanatlons follow

(1) PN MISSING SO’ PA USED FOR SAT xxx ELEM xxx -

The various comments.which may .appear.in the prmted

The nodal per1od at epoch is m1ssmg from the s1x‘“h card
of a seven card,set The anomahst1c per1od has been used
in its place '

(2) SATELLITE XXXX CARD XXX - OUT OF ORDER

An elemenf card is not in correct sequence, or an

: extraneous card is. contamed in the element sets. Th_e. ele~-

ments for the part*cular satelhte w111 n-ot be" stored in com= -

_ ‘puter memory, hence are unavaﬂable

.(3) UNTAGGED Uos REDUCED W/O TOLERANCES

T Al observat1ons wh1ch follow have prev1ously appeared

“as untagged uo! s, and have now been rereduced W1th large

.tolerances

" (4) END OF RUN 3 %k**:“**** ..

s A11 observatmns have been reduced W1th a spec1f1ed
tolerance " Any results- wh1ch follow have been reduced with
different tolerances.’
(5) UO S FOLLOW‘

All observations which follow on the page did not corres-
pond to any satellite, the elements of which were successfully

stored in computer memory.

1-2-10
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. (6) UNK stttk

The next observation is an unknown. The message
number is given. If the observation was a known observa-
tion which was treated as an unknown, the satellite number

is also given.

2,4.3.8 Flexowriter Output -
. The messages wh ch r:na}}- appe"a_r:.o'n'the .flllexov;/rit?er-",' ‘and their,-' s
explanatmns follow - - . . ) .

(1) SATELLITE XXXX CARD XXX OUT OF ORDER

An element card is not ‘in, correct sequence,. or an

_ extraneous card is contamed m the element sets The ele- -
. ments for the part1cular satellite w111 not be stored in computer-' -
. :memory, hcnce are unavallable - ) -
' '(2) MOUNT RIGHT STATION TAPE | RE _
. . '. : _. d ) The station tape is not ava11ab1e to the program. ; The
" program awa1ts the stop go opt1on e ;

(3) ILLEGAL LEAD C A.RD SKIP"’ED

An rllegal lead card (cf. Sec 2 3) is present in the K

”mput deck. : The program cont1nues accordmg to the last~:: " -
'.vahd lead card TR N ' ' SR
(4) MOUNT STATION TAPE ON 7 N
' The program is ready to run, but a.s'top go opt1on rs
‘ prov1ded 1n case the atatmn tape 1s requu'ed '

(5) REMOVE STATION TAPE U’7

The program run is complete, but a stop go opt1on is-

prov1ded to give time to'remove the station tape.

2.5 Processing
The program accomplishes its function of reducing observa-

‘ tional data to the last nodal crossing, one observation at a time.

However, certain preliminary operations must be performed prior

i-2-11
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to operating on the first observation, and as circumstances require, 't
prior to operating on subsequent observations.
2.5.1 Preliminary Operations

2.5.1. 4

The preliminary operations are initialization of various pro-
gram switches, examination of switch options, reading of station

coordinates from the station tape, reading of satellite elements

- ‘:fror_n cards, reading of station data from cards, and the reading of

the first observation lead card.

Initialization of Program Switches

... .Certain switches which will control the path of the program

are initialized to neutral settings.

Reading of Switch Option

The several program switch settings are read from the

‘ .,s"witc'h opﬁon card (cf. Sec. 2.3.1). These settings determine, G

. _aifﬁbng other things, whether or not the station tape is to be read

an& the interim tape rewound.

."'R'eading the Station Tape

If switch SS1 is set the station tape is examined; and if it is

identified as the station tape, the values of station number, latitude,

' longitude, and height are read into the appropriate array. If the

identification test fails, a STOP-GO option is provided to allow
the computer operator to mount the correct tape. GO causes the
program to examine the newly mounted tape for the proper identi-
fication. STOP causes the program to return éontr‘ol to the

executive routine.

Reading the Element Sets

The element sets are generally read as a single group by O
the subroutine ELRED. The program logic also permits their
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2.5.1.5

2.5.1.6

2.5.2

béing read in separate groups, providing they are identified by

an element lead card. Certain validity checks are made upon each
element set. If no gross errors exist, the elements are stored in

the element array for future use. If errors do exist, appropriate

error messages are generated and the element set is othérwise

ignored.

Reading of element sets is terminated by either a station
lead card or an observation lead card. Termination of reading
causes the satellite inventory, a listing of those satellites whose
elements were successfully read, to be generated as the first out-

put of the program.

ReadinLof Station Data from Cards

If a station lead card is encountered during the running of
the program, the data from the station card or cards which follow
the lead card are stored in the station data array. Reading of the
station cards is terminated by either an element iead card or an

observation lead card.

Reading of an Observation Lead Card

Each observation or group of observations must be preceded
by an observation lead card, which also specifies the tolerances
to be used, where applicable, to cause the tagging of unknown
observations. Table 2.3 specifies the codes used in card column
8 of the lead card and the corresponding values of the tolerances.
Following the reading of the first observation lead card the pro-

cessing of observations can begin.

Preliminary Processing for all Observations

The observations are read and processed individually. Prior
to the actual reduction calculations, tests are made for the validity
of the observation, the station coordinates are retrieved, the
appropriate elements are located and the observation type

determined.

1-2-13
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2.5.2.1

2.5.2.2

2.5.2.3

Testing of the Observation ‘:{

Certain fields from the observation card are checked for
validity. These fields are month, day, hour, minute, second,
elevation angle, and azirnuth angle. An error in any one of the
fields will cause the rejection of the observation with the appropri-
ate comment {cf. Sec. 2.4.2.6(3)). The program proceeds to

read another observation card.

Retrieval of Station Coordinates

If the several fields of the observation card contain no illegal
values, the station .number from the observation is compared to
that from the previous observation. If the two numbers do not
agree, the station data array is searched for the current station
number. If the station number is found, the station latitude, long-
itude, and height are retrieved, and station dependent quantities .f
are computed. If the current station number is not found in the |
station data array, the observation will be rejected with the
appropriate comment (cf. Sec. 2.4.3.6 (2)). The program proceeds

to read another observation.

If the two station numbers do agree, the latitude and longi-
tude are examined for zero which would indicate that the station
coordinates were not previously found. The observation is then

rejected with the appropriate comment.

Retrieval of Satellite Elements

If the observation is a known observation, the satellite
number is compared to that of the previous satellite. If they agree,
then the elements have already been retrieved and no search of the
element array is necessary. If the satellite number is not the same
as that of the previous satellite, the element array is searched via ‘

subroutine ELLCAL3. If the search is successful the nodal elements

1-2-14
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2.5.2. 4

2.5.3

are printed (cf. Sec. 2.4.2). If the elements are not found the
observation is rejected with the appropriate comment (cf. Sec.

2.4.3.6 (4)). The program proceeds to read another observation.

If the observation is an unknown cbservation, then the sub-
routine ELCAL3 will sequentially retrieve the elements from the
element array until the observation has been reduced against all

elements.

Subsequent to the retr1eva1 of the elements, perlgee dlstance
for the revolutlon at the t1me of the observatmn is computed. If
per1gee cnstance is less than one earth rad1us, computations will
e1ther cease in the case of a known observatmn, or continue with

the next element set ‘for an unknown observation. The appropr1ate

comment’ (cf ' Sec. 2. 4. 3 6 (5)) is pr1nted for the known observa- ‘

tron, a.nd another observatmn is read

If the perlgee d1stance computatron is satlsfactory, the actual
reduct1on computatmn is ready to be made on the basrs of the

ob se rvat1on type.

Determination of Observation Type

The observat1on type. a part of the observation 1tse1£, is
used to determme which of the three subsectlons of the program is

to be used’ for the reductron computatmns An 111ega1 observation

type w111 cause the reJectmn of the observat1on with the- appropnate ‘

comment (cf -Sec. 2. 4.3, 6 (1)).

Pro_cessing With the General Sighting Routine

The Géneral Sighting program processes only obs'erva_tions
in which azimuth and elevation angles, or right ascension and
declination are given. Slant range may also be utilized. The

general observation types which fulfill this requirement are

visual, radar and Baker-Nunn camera observations,
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2.5.3.1 Special Processing of Visual Observations ‘E

Visual observations may be either azimuth and elevation
angles or right ascension and declination. If the right ascension
and declination are given, they are converted to azimuth and ele-
vation angles. A negative .ele'vation‘ angle computed from a known

, observation cadses an error message (cf. Sec. 2.4. 3.6 (8)) to
be generated and the program proceeds to process the next obser-. .'
vation.' If the observation is unknown, it becomes an untagged Uo.
.Computatmn of a p051t1ve e1evat1on angie causes processmg to '

contmue as 1nd1cated 1n Sec. 2 5. 3 3

2.5.3.2 Special Processigng of Baker -Nunn Camera Obs‘ervations'

Baker-l\iunn camera observat:ons must have r1ght ascensmn
"and dec11nat1on g1ven. These are converted to az1muth and eleva-
tion angles and the processing contmues as 1nd1cated in Sec.’ 2. 5 3.3, .
If the overpunch sugmfymg right ascension and declmatmn 1s mls§1‘ng,
an error message (¢f. " Sec. 2. 4. 3 6 (7)) is generated for a known
observatlon or the unknown observation is made an untagged UO

In either case, the program proceeds to the next observatzon.

2.5.3.3 Con'lmon Proces sing»of Visual and Baker -Nunn Camera Observations

Nelther v1sua1 nor Baker- Nunn camera observatmns have any

" range information. For this reason an 1terat1ve procedure is used
to determ1ne the sub satelhte p051t1on. The statmn 8 1at1tude )
and s1derea1 t1me are taken as: £1rst approx1mat1ons to the satelhte s
1at1tude and r1ght ascensmn, respect1vely, on the as sumptlon that -
the satellite is close to't.he station. . Fa'11ure ofAthe calculations to
converge causes an-error message .(cf.. Sec. 2.4.3.6 (12)) to be
generated for known observations. The program proceeds to the
next observation for the known observation or to the next element

set for an unknown observation. If the iteration produces the .
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2.5.3.4

2.5.3.5

satellite latitude within the specified limit, the latitude is checked
against the inclination angle. An unsatisfactory result causes an
error message (cf. Sec. 2.4.3.6 (9)) to be generated for a known
observation and the program proceeds to the next observation. For

an unknown observation the next element set is selected.

If the computed latitude can be on the orbital plane, processing

continues as indicated in Sec. 2. 5. 3. 5.

‘Special Processing of Radar Observations

The examination of the azimuth and elevation angle field for
a radar observation is identical to that described for a visual

observatioﬁ (cf. Sec. 2.5.3.1). However, radar observations

. include a range measurement, and this is used to determine the sub-

satellite position. An illegal range, i.e., negative, causes the

appropriate message {cf. Sec. 2.4.3.6 (13)) to be generated for

. a known observation, and causes an unknown observation to become
-an untagged UO. In either case, the program proceeds to process

"“‘the next observation.

If the range is valid, the satellite's latitude and right ascen-

sion are computed. The latitude is compared with the inclination

angle. If the test is satisfactory, the height residual is computed.

Processing then continues as in Sec. 2.5.3.5. If not.an error
message (éf. Sec. 2.4.3.6 (9)) is generated for a known observa-
tion, and the program proceeds to process the next observation.

If the observation is unknown, the program proceeds to the next

element set.

Common Processing of all General Sighting Observations

The longitude of the satellite, right ascension of the node,
the residuals of time and right ascension of the node are computed

for all general sighting observations. At this point the observation
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2.5.4

2,5.5

o

has passed the various gross tests and the residuals, be they

large or small, have been computed. The setting of switch

option SS3 determines whether or not the residuals for an
unknown observation should be compared with the tolerances. If
the switch is not set and the observation is unknown, the compari-
son is made. Failing the comparison causes the program to select

the next element set; passing causes the observation to be tagged.

If the switch SS3 is set, the tolerances are ignored. The observation
and the reduction results are then output for printing. The program
proceeds to process the next observation on the same observation
with a new element set, depending upon whether or not the current

observation is known or unknown.

Processing With the Doppler Routine

The Doppler portion of the program processes passive track
Doppler observations and Fence observations in which range rate ‘?
is the only information available. Consequently, only the time

residual is computed.

Preliminary calculations concerning the relative position of
the ascending node and the station are made to determine certain
constants for subsequent calculations. The argument of latitude,
true anomaly, eccentric anomaly, and mean anomaly of the satel-
lite are intermediate quantities used in determining the time
residual, the elevation angle and the slant range. The setting of
switch SS3 determines whether or not the time residual for an

unknown observation should be compared with the time tolerance.

Processing With the Direction Finder Routine

The Direction Finder portion of the program processes
observations in which the azimuth angle of the closest approach is

given. For this reason only the time residual is computed. Q
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The observation will be rejected with the appropriate
message (cf. Sec. 2. 4.3.6 (11)) if the azimuth is negative. If
it is positive the time residual, the elevation angle and the slant
range are computed. A negative elevation angle will cause an
error message (cf. Sec. 2.4.3.6 (10)) to be generated for a
known observation. The program proceeds to the next observation
or the next element set depending upon whether the negative
elevation angle was computed from a known or an unknown observa-~

tion.

If the elevation angle is positive, the setting of switch SS3
determines whether or not the time residual for an unknown
observation should be compared with the time tolerance. If the
comparison is made and the residual exceeds the tolerance, the
program proceeds to select the next element set. Otherwise the
observation is tagged and the reduction results for both the tagged
unknown or known observation are output for printing. The pro-
gram proceeds to process the next observation or the same obser-
vation with a new element set depending upon whether or not the

current observation is known or unknown.

Optional Reprocessing of Untagged Unknowns

Unknown observations which have failed to be tagged may be

reprocessed with large tolerances, depending upon the setting of

switches SS3 ox SS10. If neither are set, unknown observations
which have not been tagged are written on the interim tape follow-

ing the processing with the last available element set.

After all observations have been initially processed, the
tolerances are set to large values. The observations are then
read from the interim tape, ‘one at a time, and reprocessed with

all element sets.
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General Sighting Reduction Program

Input:

Orbital elements at epoch:

T, time of node _ N epoch revolution
P nodal period in days/rev_. : w argument of perigee
c . rate of change of period © rate of change of w
d rate of change.of c S w rate of change of @
Q - right ascension of ascending q perigee distance
node ' .
. P , q rate of change of q
2. rate of change of Q o q rate of change of q
o : ,
Q '1.:ate .of cha_nge of Q . To epoch of decay
S inclination of orbital plane equation .
e " eccentricity .. A ‘

Sighting data:

¢ ~ Latitude of station-

A Longitude of station west
H I . height of station -

t, time of obser.vation.
either a - right ascension

.6 . declination
or Az azimuth "’

‘h elevation .
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2.6.1 Formulation for the General Sighting Reduction Program

1) at = t; - T,

2) RA = RA+RA At+ — RA (41)°
W = wtd At+ -%- & (ayn?
3) P, = 360° P/(360° - & P)
4 a= (P, /. 058672947) /3
’ [ o L - 2

5) . P, = P_+ P At + 1/2°P (At)

6) a' = (P, /. 058672947) 2/ 3

7). . If g not givén: U -q"',-= a(l-e), Go to 8
’ R ¢ q given: - At = T(; -t

§= q¥qat’+ /2 § (at)

8)

9)

1y e, = {8y }' 98565 (Day of Year of Obs)

- + 360, 98565 (Fract._of day) + N ]. 0. < 8, < 360

12) If a given convert o from hours to degrees
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2.6.2 The following Equations are for Baker-Nunn and
Visual portions only. Radar is listed separately
13) If this is a Baker Nunn observation: Go to 14
If not: Go to 20
14) i & <-23° if s > -23°
) o
agp, = -53123888°- a ag,, = -65918611° - a
Zy, = -53138889° Zypn = . 65941945°
o 0
Bpn = . 46215278 ebn = .57353333
- ebn
15) p = sinBy, (tan$ + tan —— COs aobn ) .
-1 .
16) apn - 23obn = tan (p sin aobn/( 1- p cos agpp))
- 17) a = -(apn t Zpn)
18). Yy = cos ({(apn + 2gpp )/ 2)-tan (ebn/Z)sec ({ apn - 20bn) / 2)
19) 5 = 2 tan l(y) + &
20)°  If o given: Go to 2l
' If not: Go to 25
21) H= 6+ a ("a'"" as in input)
C . 22) h = sin_1 (sin ¢ sin & + cosd cosd cos H’)
- If h < 0, Return for next obs.
23) sin (Az) = - cos § sin H // cos h
24) cos (Az) = (siné - sin¢ sin h)/ cos ¢ cosh
25) o’ = tan"! (. 99329985 tan¢)
26) RAS = 6
7 /
¥; 7 ¢ |
2 1/2
27) R, = .9966443/[ 1-.00670015 cos” ¢ ;] + H/ 6378.174
28) If ¢f 21 : u=9o°(x51gnof¢’j), Go to 31

T T A R R D -t e T

If(bg <i : Go to29
1-2-22
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REDUCT

29)

30)

31)
32)
33)
34)
35)
36)
37)

38)

39)

40)
 41)
42)

43)

44)

o~

/ -
u = sin 1(sin¢j’/sin i)

180 - v’

If cos (RAS—RAI)< 0: u

]
[+

If cos (RAS-RA,)z 0: u

7

r = a,(l -e’z)_/(l + e’cosv)

-1 "
a = 90 - sin (cosh/(1+H))-h

-1 ; .
sin ~ (cos a sing + sin acos ¢ cos Az)

sin” " (sin a sin Az/cos ¢lj+1 )

>
-
1

RA_ = (8+AL) 0< RA_ < 360

i i[o,, - 6. -107% <0 : Go to 39

RRR S

If20, j+1~ j: Go to 27 unless observation
does nct converge within the specified number
of iterations. In this case, return for next

observation.
4
If ¢j+1 2 i: Return for next observation
’
If not, ¢j+1 — ¢g : Go to 40
L = W+ AL), 0< L, <360
If i = 90°, aX = 0: Go to 43

’ -1
AN =(sin " (tan ¢S/tan i)

Fcosu< 0: AN = AN -7

Ifcosuz 0: AN ==an’

RAN = (RAS+A)\ ) 0<_R.AN_<. 360
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¢

45) E, = 2 tan”" (" tan v/2)

" - —1 " /
46) E‘RA = =2 tan  (e”tan (w/2))
47) Mg = Eg-e sin E
48) Mpa = Egp - ¢ sin Egy

4
49) Tp = t; - (Mg - Mpa )/360) P, 0 < (Mg - Mp,) < 360
50) AN = (Tn - Ty )/P; (the integral portion thereof)
X 2 3

51) T, = Tg+ P AN+ c{AN) + d (AN)
52) If |T,-T,| < P/2: Goto 53

If not, then when: (T, - T;) > 0, set AN = AN-1, Go to 53

-T) = 0, Goto 53 ‘
x n
(Tx-Tn) <0, set AN = AN +1, Go to 53

(T

2

1
0)

53) RA, = RA + RA (T, - T,) + — RA (T _~T

54) AT, = T, -T

* X

ARA:R.A.n-Rx

Qutput :

”
N, w°, Tp AT, ¢ L. RA%, ARA O, H', Km
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2.6.3 Radar Portion of General Sighting Reduction Program
Input:
Same as for other portions of General Sighting Reduction
Program with exception that p (slant range) is included
as part of sighting data.
‘Equations:
1) - 12) Same as in G. S.R. P
13)-19) ©  Sames as 20 - 26 in G.S.R. P
2 /2 .
20) Ro = [.996643/(1 - .00670015 cos” ;)] 7 “ + H/6378.174
21) R"= [R_ %+ (p/6378.174)° + 2 R (p/6375.174) sin nj/2
' -1 " .
22) -a = sin_ (p cos h/6378.174 R )
23) If a < 0: Return for next observation
Ifa> 0: Goto 24
24) by = sin”? (sin ¢ cos a + cos ¢ sina cos Az)
25) AL = siﬁ-l (sin a sin Az/cos ¢as)
" cos AL =(cos a - sin ¢/ sin 4>; / cos &’ cos <|>/S)
If cos AL<0: AL =180 - AL: Goto 26
If cos AL > 0: Go to 26
26) _RA_, =(8+AL), 0< RA < 360
27) If ¢, > i: Return for next observation '
If not: Go to 28
/ , =1 X s s
28) u” = sin ~ (sin ¢S/sm i)
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29)

30)

31)
32) - 46)
' Outfut:

=

/ ’
If cos (RAg - RA)<0: u =180 -u

If cos (RA, - RA)> 0: u=v’
/ .
v = u-~-w
r = [ a’(1- e’z)/(l + .g'cos v)] 6378.174

same as 40 - 54 inG.S.R.P

.Same as in other G.S. R. P. except that R”, observed
" height, is included.

-
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o ..

4

Direction Finder Reduction Program

Equati;)ns:
1) - 11)

12)

13)

14)

15)
16)

17)
18)
19)

20)
21)

22)

Input:

Same as for General Sighting Reduction Program
except that elevation - declination is not given.

Same as in G.S.R. P

AN = gt
-1 .
(u+ Au) =tan (tan A\ /cos i)

If cos AN > 0: Go to 17

If cos AN <0: Go to 16

If(u+ Ay > 0: (ut Au) = (u+ Au) - 180

f(u+t+ Ay < 0: (u+ Ay = (u+ Au) + 180
’ . . .
¢y = sin (sin (u+ Au) sin i)

o = tan ' (.99329985 tan ¢)

If Az< 0: Return for next observation

IfAz?_O: Go to 21

If Az - 180 < O: Azi = Az

If Az - 180 > O: Az; = Az - 180
/ ~5

If Az - 10 < 0: Go to 24
’ 5

If Az; - 107° > 0: Goto 23

-
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23)

24)
25)
26)
27)
28)

29)

30)

31)

32)

33)
34)
35)
36) - 43)
44)
45)

46)

‘ﬁ
1
¥ |a¢| -107° <0: Goto 24 . L

5

¥ | a¢’| 1072 > 0: Goto 25

u = ut+ Au: Goto 35

sin n = siﬂ AN /sin(u+ Au)

cosm = tarx¢x /tan (u + Au)

cot Au = (cos n/tan A¢’) - ({sin n/(‘sin A¢'tan Az;)

Au = ta.n_1 (1/cot Au)

If Au< 0: Goto 30
If Au =0: Goto 34

If Au > 0: Go to 32

If Au+90 < 0: Goto 31 ‘*

If Au > 0: Go to 34
Au = Au+180: Go to 34

If 90 - Au < 0: Go to 33

If 90 - Au > 0: Go to 34

Au = Au - 180

=
n

(u+ Au) - Au
4
v = u- w
Sameas 45 to 52 inG.S.R.P
ATn = Tp- T,
sin ¢; = sinusini

R = [.9966443/(1 - . 00670015 cos® ¢;]‘1/2 + H/6378.174 ﬂ
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47) r=2a (1- e’z)/(l + e’cos v)
48) H'= (r-R) 6378.174
49) R, = [.9966443/(1 -. 00670015 cos® q;;)]l/2

50) - 52) Same as 41 - 43 inG.S.R. P

53) Ai = A+ AN

54) AN o = -\ - A

. . 7 R / / /7

55) cos L, = sin¢gg sing + cos¢g cosd cosA N,
56) tanh = r cos Ly - Ry /r sin Ly

57) If h< 0: Return for next observation

Ifh > 0: Goto 57

‘ 58) p = (Ro2 + 12 .2 R, r cos Lo)l/2 6378.174

Output:

N, TN, At‘n, p, H, h,
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2.6.5 Doppler Reduction Program
Input:
Same as General Sighting Reduction Program except
that elevation - declination and azimuth-right
ascension are not given.
Equations:
1) - 11) A Same as in G. S. R. P
12) A, =[RAS6G], 0 Ay < 360
13) Aa =X, -\ Aa.=.)\n-x
14) If Aa < 0: do to 15
If Aa > 0: Goto 17
If Aa = 0: Go to 19
15) I£ (Aa + 240). < 0: Goto 16
| If (Aa +240) > 0: Goto 19
16) - Aa = Aa + 360: Go to 19
17) If (Ao -'180) > 0: Goto 18
If (Aa - 180) < 0: Go to 19
18) “Aa = Aa - 360
19) Aay = N - ‘x + 180
20) I Aa; > 0: Goto 21
If Aa; < O: Go to 22
21) Aoy = baj, 0< Agy £ 360
22) If (Aaj - 180) > 0: Go to 23

If (Au.1 - 180) < 0: Go to 24
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23)

24)

25)

26)

27)

28)

29)

30)

- 31).

32)

33)

34

35)
36)

37)

38)

Aa, = Aal- 360

1
If ¢ > 0: Goto 25

If $ < 0: Go to 27

If (Aa + 180) > 0: Goto 30
If (Aa + 180) < 0: Go to 26
Aa = Aalz Go to 31

If Aal > 0: Go to 28 .

If Aa1< 0: Go to 29

If (Aay - 90) > 0: Go to 29

If (Aay - 90) < 0: Go to 31

Aa = Aal

Ci3 =1

Cis5 =1, Goto 32

Ciz = -1

Cis = -1

cos. ¢ = cos|¢l cos lAal

sin ¢ = (1 - <.:oszc)1/2
Y | sinlé' |

‘3, = sin sin ¢

If Cjg > 0: Goto 36

If C15 < 0: Goto 37

If Aa > 0: Goto 37

If Aa < 0: Go to 38

180 -p-1i, Goto 39

<
1]

l6- 1]

<
]
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, =1 ; :
39) d = sin [ (sin c) (siny)]
40) u’== cos_ ! €08 ¢
cos

41) If cosc < 0: Goto 42

If cosc> 0: Goto 43
42) ¢ = 180 -4
43) If ¢ > 0: Goto 44

If ¢ < 0: Goto 46
44) If (u'Cy3) > 0: Goto 45

If (W'Cp3) <0: Goto 46
45) u = u’, Go to 51
46) u = 180-|u'l‘: Go to 51
47) u = u + 180
48) If (u”-C13) > 0: Goto 49

I (0“Cy3) < 0: Goto 50

”
49) u = u, Goto 51
50) u = 360 - |4
51) v u- W
52)-59) Same as 45 - 52 in G.S.R.P
60) ATn = Tn - Tx
61) " = tan™! (.99329985 tan ¢)
-2 nl/2

62) R, = .9966443/[ - . 00670015 cos” ¢] + H/6378.174
63) r = a'(l - e’z)/(l + e’ cos v)
64) h = tan"! [ (r cos d - R)/r sin d]
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‘ 65) If (h-90) = 0: Go to 66

If (h-90) %X 0: Go to 67

66) p = r-R, Goto 68

67) p = 6378.174eresin d/cos h
68) d = 60d

Output:

N, T, AT, d, h, p
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2.7 Glossary

Location Symbol Meaning

A a Semi-major axis

AAl Column 1 overpunch from observation card

AA2 Column 25 overpunch from observation card

AA3 Column 31 overpunch from observation card

ALPHA o Angle used in intermediate comp. (see Fig.2.1)

APRIME d Predicted semi-major axis

BNA OBN Baker~Nunn section; right ascension of sat.

BNAO 20BN Baker-Nunn section; equinox constant

BNGAM » YBN Baker-Nunn section; angle gamma

BNTH 0N Baker-Nunn section; equinox constant

BNz ZBN Baker-Nunn section; equinox constant

cB, Cl5 Ci13» C15 Doppler section; quadrant conversion constants

C2PI 2w Constant = 6.28318531

C c Rate of change of period (days /rev. 2) ‘

CLR P Slant range in earth radii

COSET Cosine of 1, (See Fig. 2.2)

COSHD Cosine of elevation

COSI Cosine of inclination angle

COSP, COSPR Cosine of geocentric latitude of the station

COosz Cosine of azimuth angle

COTU DF section; cotangent of A

D d First derivative of rate of change of period

DA Control section; day of observation

DA Doppler section; predicted longitude difference
between station and nodal crossing

DAl Aay Doppler section; Aa+

DAY Observation time in days of year

DB ] Doppler section; intermediate angle
(See Fig. 2.1)

DD a’ Doppler section; arc distance from station
to subsatellite point

DEG Conversion constant, radians to degrees ‘

DELL AN

Longitudz difference between station and sub~
satellite point ’ :
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DELN AN Difference between epoch revolution and
the revolution of the observation

DELRA ARA Computed minus predicted satellite right
ascension

DELT Aty Time difference between observation and

epoch times.

DELTAT At Time residual (observed minus predicted
time of nodal crossing)

DELTN Aty Time difference bet ween observation and the
preceding ascending node

DF Direction finder

DFL AN DF section; right ascension differencs
between station and ascending node

DG Y Doppler section; angle gamma

DH AHg Height tolerance in kilometers

DI i . Inclination angle

DLW )\IN " Doppler section; predicted longitude of

) ascending node

. DRA ARA¢ Right ascension tolerance limit in degrees

DT Aty Time tolerance limit in days

DTCMP TN Predicted time of nodal passage

DU ’ 0 Doppler section; computed argument of
latitude of satellite .

E e Eccentricity

ELEM Elelment number ]

ELEMR,ELEMW - Arrays used to store element sets

ELS - Ly Longitude of subsatellite point

EMRA Mpn Mean anomaly, node related

EMS Mg Mean anomaly, satellite related

EN Nobs _ Revolution number at observation time

EPRIME e’ Predicted eccentricity at time of observation

ERA EN Eccentric anomaly of ascelnc-liéng node

ERAD Intermediate quantity, T

ES Eg Eccentric anomaly of satellite

FORDE ' Contents of col. 80 of element card

‘ FRACT Fractional day portion of observation time
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GI i
GIVEN N
GL Mg
H
HDEC 5

HLS
HM
HO h
HPPRI H"
HPRIME HA
HR

HS

IELR

IEYEL

©

IEYE2
IFLAGIL

IFLAG2

IIEYE]
IIEYEZ
IIPEYEL
IPEYElL
IS

ITAG

"ITCH

ITERK

ITL

ITY
IYR
JB

Inclination angle

-

Epoch revolution number
Station longitude
Station height

Declination or elevation angle from
observation

Slant range

Minute of observation

Doppler section: elevation angle
Height of satellite above earth's
Hour angle

Hour of observation

DF section: object height

.Array of satellite and element numbers

Obs ID (satellite number and last digit
of year of observation)

Obs ID (hour and minute of observation time)

Switch: 1 = known observation
2 = unknown observation ‘]\
Switch: 1 = elements found ’
2 = elements not found

Obs ID, (month and day of observation time)
Obs ID, (seconds of obs x100)

Same as IIEYEL

Same asIEYE!]

Input card number or card type

Tag switch: 1 = UO tagged
0 = UO not tagged

Switch set for type of General Reduction:
negative for Baker-Nunn; zero for visual,
positive for radar

-Upper limit of number of iterations for

convergence in computing geocentric latitude
of the satellite

Tolerance switch: determined by observation
lead time

Equipment type used by observing station
Year of observation ( )

Switch set to 1 for unknown obs., which
indicates that residuals are to be tested
against tolerance limits; otherwise set to 0
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JCLS

JJ
JT1
JT2

KAT
KEL
KSTA
KTAP

KUFO

LEM
LEND
M
MLAST
MO
MOUT

MSG
MT

NAT
NDCT

NouUT

NSTA
NUFO

Switch 1 = classified observation
0 = unclassified observation

Number of stations read from station tape
Input tape
Output tape

Switch indicating which section of program
to process obs: 2 = General

3 = Doppler

4 = Direction Finder

Satellite number
Number of element sets read
Station number

Switch normally set to 1. Set to 2 when all
UOs written on interim tape

UO switch: -1 = known observation

0 = compute vector (General Radar)

1 = vector previously computed
2 = initial setting

Element number

Card type

Satellite number fromobservation card
Previous satellite number

Month of observation

Output indicator for type of General
Reduction used

Observation message number

Heading switch: 2 = no heading necessary
for General
3 = No heading necessary
for Doppler
6 = No heading necessary
for DF

Epoch revolution number
Satellite number

Control section: Switch set negative when
necessary to obtain new obs from input tape

Set to $ when time of obs. precedes epoch
by more than four days

Station number from observation card

Previous obs. unknown switch. If previous
observation was unknown this switch is set
to non-zero
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PA

PAPRI
PEYEM

PHI

PHIPJ, PHIPJ!
PHIPL

PHIPR

PI

P12

PM

RSMALL

SAT
SEC
SHS
SINAL

Anomalistic period in days per revolution
Predicted anomalistic period

Satellite number

Geodetic latitude of station

Geocentric latitude of satellite
Geocentric latitude of station

Geocentric latitude of station

Constant = 3.14159265

Constant = 1.57079633

Nodal period at epoch in minutes per revolution
Nodal period at epoch in days per revolution
Perigee distance in earth radii

Rate of change of perigee distance (er/day)

1/2 second derivate of perigee distance

Right ascension of ascending node at epoch
Predicted right ascension of ascending node
Conversion constant, radians to degrees ‘

Right ascension of ascending node at
observation time

Right ascension of subsatellite point
Rate of change of RA

1/2 second derivative of RA

Radius of earth at subsatellite point
Radius of earth at station

Predicted RA at observation time

Difference between observed and predicted
height

Distance from center of earth to given sub-
satellite latitude

Radial distance of satellite from center of
earth

Satellite number

Seconds of observation

DF section: elevation angle

Sine of angle, d'(see Fig. 2.1) .
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SINET

SINI

SINP, SINPR
SINZ

SLR

SO

SS1

SS3

SS8

S589
SS10

Css11

STAIN

STEL
TANI
THETA
TLHS
T™MO
TNDF
TOD
TOF
TOT

U

UDELU
Uo

WDOT
wWDDOT
WPOLY

XAT

tfra.c

€ € <«

g >

© €
w

DF section: sine n (see Fig. 2.2)
Sine of inclination angle

Sine of geocentric latitude of station
Sine of azimuth angle

Slant range

Doppler section: slant range

Input switch to inhibit station tape

Input switch to eliminate tolerance limit tests
and to inhibit the interim tape

Input switch to run all observations as
unknowns.

Input switch if teletype output desired

Input switch to eliminate re-reduction of
untagged observations; inhibits interim tape

Input switch if q-term supplied

Array of station coordinates read from
station tape

Working array of station coordinates
Tangent of inclination angle

Sidereal Time at station

DF section: tangent of elevation angle
Month of observation

Predicted time of node

Integer portion of epoch time
Fractional part of epoch time

Epoch time

Argument of latitude of satellite in orbital
plane

DF section: p +Ap

Unknown observation

True Anomaly

Argument of perigee

First derivative of argument of perigee

1/2 second derivative of argument of perigee
Predicted argument of perigee

Station latitude

Tens and units digits of satellite number

1-2-39




REDUCT

Wolf Research and Development Corporation

XDAY
XDEC

YDAY
YR
YRA

ZPRI
ZRA

Smithsonian day at epoch time ‘}/

Five least significant columns of elevation
angle or declination field

Station longitude
Observation time in Smithsonian days
Year of observation

Six least significant columns of azimuth
angle or right ascension field

Station height

' DF section: predicted azimuth angle

~ Azimuth angle or right ascension of satellite
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Locol Vertical . Satellite
\
N
Y-
EL. > Local Horizon
h‘
R,
Aa*
Rl
Y
\
A
Illustration of Angles §3, a
Figure 2.1
Sotellite Orbit
Satellite
—_— Equator
K1)

Illustration of Angle n
Figure 2.2
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G

START

:

. Initialize
Constants

]

Read Toggle
Option Cord

]

Rewind
interim Tope
If Needed

s
Stotion Tope
Required P

of Station’
Jope Correct

Store Write Msg.
Station Data MOUNT STA]
" in Arrays TAPE

EY;
Read and Examine Input Data

O

T © i
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Last Card y
Read Valld et
Leod Cord?
Write Msg,-
ILLEGAL LEAD|
JICARD SKIPPED
P
Station

Does Lead \Element

Card
Indicate?
Observation
19000

L 1700
. Read ond

Store Station
Dato in Arroys.

19004
@ Set Normol

Tolerances

KEY:
Perform Control Functions for Observations

Read and Store Elements in Arrays

TOLPK Retrieve Tolerances from Table

O ®
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(=2) G
g
9600
Append
Sta. No. |
to Msg. J
End of
Reduct.
Against Al
Elements ?
Ciear
UO Switch.
Ob. Tagged?
{
Output Meg.|
UNTAGGED
Vo
Re~Reduce
vo?
796
write Ob.
KEY: On Interim

Tape
Continue Control Function

Obtain Next Element for Computations ° ‘
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All UOs
Writtén On
Interim Tope?

Decrement
Card Count.
All Obs.

. Processed?

; Reod
Next

Cord

Yes

End of All

No input Dota? ).YES
Col. 7940
5003 ¥ 9507

Write

Ob. Type = 07 Teletype
R Ending
Cols.4,5:0 Sentine!
EXIT

End of Obs,
ls. Stotion
Numberz C?

Test Validity of Lead Card
Process an Unknown Observation, If Any, From Interim Tape

Read an Observation From Interim Tape

Continue Processing Observation

®®EE
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Yes Re-Reduce
uos?
Clear Switches,
Output Msg.-
END OF RUN
Any Obs,
Yos /on Interim D2
Topo? 19802
Empty
SRS
s
REDUCED W/0 Buffers
TOLERANCES
l A3
Set Large
Tolerances
Qo
19500
Read Obs.
From Interim |
Tape
Cbaervation \ Yes
Typeso?
19501
Rewind
Scratch Tape
KEY:

Continue Processing of Unknown Observation

. Perform Control Functions for Obs.

from Interim Tape
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8000

Remove
Overpunch
From Ob. Where

Necessory

Object Position
Specified By
RA and Decl.?

Yes

6980I

Convert RA
To Degrees

DMS

Yes

Observation
Classified 7

9920

‘ Set
Clossified Obs.

Switch

All Obs,

Treated
As LOs?

Set Sot.
Number to

Zero

>
{ 9924

Form Ob.
ID From
Sat. No. And
Dot e-Time

.‘ KEY;

@ Examine Observation for Legal Fields
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Any Iliegal
Fields

in Ob. ?

6807

[set UO Switch |  Outpul Msg-

For Known IMPROPERLY
Observation LOGGED

Can Station
Coordinates Be
Located ?

)

1614
Output Msg- Comp}lfl
NO STORED Dosptcor:l;o.rr'lf
COORDINATES Quantities

Known Or
unknown
0b.?

Unknown

Are Stotion
Coordinates
valid?

KEY:
“ Perform Control Functions for Unknowns

Return to Control Portion of Program

Determine Observation Type
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REDUCT

From

399

Set UQ Switch,
Clear Last Sat.
No. Switch, Cleor

Tag indicator

Previous Ob.
vo?

9975

Output Msg.-
UN K 333 3060 %

All Obs.
Treoted
As uos ?

is Ob,

Tope ?

Interim

10398

Output Heading
U0s FOLLOW

KEY:

] oo

' Set Previous
Ob. uUC
indicator

@ Continue Processing Unknown Observation

1-2-49
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 {)

Type <14,
30 1039,
or 8t 7

Set Switches: ‘
General Sighting,
Visual

Set Switches:
General Sighting,

Boker—Nunn

Observotion
Typei4-197?

Set Switches:
Genera! Sighting,
Roadar

Set Switch: ves /Observation
Doppler Type=42?
5035
AlO Set Switch: . Qutput Msg.— |
Direction UNDEFINED
- Finder OBSERVATION(2)

() )

KEY: '
Perform Control Functions for Observations

Obtain Element Set for Computations

1-2-50




Wolf Research and Development Corporation

REDUCT

»

3339

3336

Set Pickup
Of Current
Element
Set

|

.

Found ?

Sat. No.
Equoal To. »
Previous Noy

9301

3334 -
Elcmmo )

Obtain
Nodal
. Elements

Output Msg-|
INO ELEMENTS)
IN SYSTEM

KEY:

® @

of Program

. Retrieve Element Set
from Array

)

Perform Control Functions

Return to Control Portion Convert Time

Check Epoch vs. Obs. Time
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¢

901!
Output
Elements And
Tolerances
Cleor
Previous Obs ‘
UO Switch /
o) ¥
9310
Set Teletype
Ending
Sentinel
Al2
KEY:
Make Preliminary Checks on Observation
Convert Smithsonian Day to Day of Year ‘
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REDUCT

General

KEY:

®® G

»
N
[

®

T e+ e Tl

Sighting

y 8990

Calculations
To Be Used?,

Doppler

9312

Compute
o, ¢q

Direction
Finder

Return to Control Section of Program

General Sighting Reduction

Doppler Sighting Reduction

Direction Finder Reduction

1-2-53:
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4200

Output Msgq:
QPRIME LESS
THAN OME

|
2

Set Previous
Satellite No.
To Zero

(&)

Perform Control Functions for Observations
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Known Obs,
First Or
Second Poss

470

Set
Second Poss
Switch

3N
Set Obs.
Type To
VIS

U0 From
Interim
Tope ?

Yes

Boker-Nunn

Minus ?

Compute
Elevation,
Azimuth

KEY: @
@ Return to Control Program

Preliminary Computations
@ Bypass Previous Computations,
Continue Processing
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Compute
Sidereal Time
Of Station

Elevation,
Azimuth

Given?

Yes

303

Compute Campute
s'.""‘ Hour

Cosine Of Anat :

Azimuth ngte

Compute

Cosine Of

Elevation
Angle

omput Sine Of
@ E?ovo‘;io.n No /RFievation Angle\ Yes
Angl Greater
ngle Than | ?

Compute
Etevation
Angle

Elevation
Y
Angle Neg.? Jc

Compute
Sine, No
Cosine Of vo?
Azimuth \ /
J 4010

Output Msg.:
NEGATIVE
ELEVATION
KEY:

Continue Processing :
@ Return to Control Program
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¢

Make First
Approximation
Longitude

of Node

Radar Obs 7

4317
Permit Permit
Upto 6 Up to 12 )
iterations Iterations ’

(49 (&9

KEY:

Begin Approximations to Geocentric Latitude
: of Satellite

Computations for Radar Observations
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4319

Compute
u,v,r

Compute
a,Sina,

¢l A
70U

@ Compute
g,Siha,
]

Sin?®

Yes

Compute
P Sina A

772

Compute
AN

KEY:
@ Return to Control Program

. @ Test for Convergence of Computations

1-2-57
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¢

Al7

774

Compute

Sat.
Lotitude
Exceeds -
Inclingtion,

Yes

of Iterations
Exceeded 7

Output Msg.:
NON-

CONVERGENT

08s.

KEY:

Return to Control Program

®
OOOG

Return to Next Iteration

Test Range of Satellite Latitude and Inclination

Continue Processing
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Sat.
Latitude
Close to
Inctination?

y 3426

Adjust
Sat.
Latitude

Output Msg.:
PHI S GREATER

? Yas

Raodar Obs,

10

Compute
v, &K

. - 413 .l}e
328

Compute
Lg.RA,

Lo

Compute
At,ARA

KEY:
@ Return to Control Program
Final Computations General Section

1-2-59
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J)

330

Convert %,
u,Lg,RAy,
ARA to Degree:

331
‘ Set
AHs:'O Obs Typs to
ROR
l 7700
Convert
AHto km.

Toler No

Etiminated %/

No

Al
Tolerances
Met P

7707

Set Sat
Tagged
Indicator

(3

KEY:

Return to Control Program A
¢
Output Results ‘
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REDUCT

Teletype
Requested?

¥ 28302
Output Obs.
Reduction in
TELTYP Formet

Required ?

Output
Poge Heading

e
¥ ORDI

Output Obs.
Reduction

P N

Clossified
obs. ?

KEY:

@ Return to Control Program

1-2-61
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556

Set Switch
to Indicate

Second Poss

Slant Range
>o0f

580
Compute Yes No
Sing®
° 4550
. Output Msg.
SLANT RANGE!
ZERO
(=)
Compute
@, aL
(e2)
Compute
Qg
KEY:
Return to Control Program
See if Reasonable to Continue Computations
with Current Element Set
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No Yot
vo?

y 760

Interim Yape
Inhibited ?

KEY:

Return to Control Program

Test Range of Satellite Latitude and Inclination

®©

8\8 Final Cornputations for General Section

1-2-63
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(Doppler)
! 240

Compute

Aa
20 / \\ >0
aa’?

202
<
aa+21r OS( ag-7m 7 Y=2
l y 204
y aa-21mr
205
Compute
aa,
206
sa -2

KEY:

Set Fiihal Quadrant Constants
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REDUCT

{Doppler)
2

e

L 209

AatAa1

Set Quod.
Constants

(=3

KEY:

Begin Doppler Computations

1-.2-65

213

Set Quad.
Constonts
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¢ 7710

Set Togged
Switch

(=9

KEY:

Yes /Residual Within

¢
©

220

Compute

, Y, 80,
) L]

U, u, v

lz-zz

Compute
At, ARA

Time

Tolerance
Limit?

A3 Return to Control Section

Output for Doppler
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(Doppler)
4

Output Ob.

Reduction

in TELTYP

Format
1
° 6404
Qutput
Heading Output
and Cb. Ob.
Reduction Reduction
KEY:

Return to Control Section

1-2-67
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(Direction
Finder) @
1 ‘

600

Compute 6,

ax,(u+au),

@ 8%
AZ Nagative?
Output Msg-
OF AZ
NEGATIVE
609
e Az':Az Ar's Az =TT
Yes
Az' >107%?
6l2
Recompute
{u+au)
’l 613
KEY: Compute
U,V

B3

)

Return to Control Section

Continue Processing DF Observation

1-2-68
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{Direction @

Finder)
2 615
Compute
At,ARA

Tangent
of Elevation
Neg.7

Yes

Toleronce
Limits
Eliminated:

Yes

[ ser Togses

Switch

@ .

KEY:
@ Return to Control Section
@ Output for Direction Finder

1-2-69
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(Direction
Finder)

3

KEY:

Output Ob.
Reduction

in TELTYP|

Format

Teletype

Requested

Heading
Required ?

Output
Heading
and Ob.

Reduction

(=)

Return to Control Section

6504

Output Ob.
Reducticn

)
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REDUCT

(Subroutine
ELRED)

KEY:

Read Element Set

830

No/ s1ation or o

8501

Read
One
Corg

Either Eiement
Leader Cord or
Seventh
Element Card T

Either o\

N Yos

Obs. Leoder
ag ?

Error Msg |
ICARD OUT OF
ORDER

Output

Sateilite
Inventory

Any
Element
Cords Read

Yeos

Any
Element
Card ?

1-2-714
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(Subroutine
ELRED)
A31
16
Reoad Element
Cards Two
thru Five

Any Out
of Order ?

Yes

100!

Reod
Card Six

Nodo! Period
Given ?

- Output Msg: Retrieve
PN MISSING Noda!l Period
SO PA USED ond C-Terms

) ¢

KEY:

830 Return to Card Read

1-2-72
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7-Cord
Element Set?,

NoO

Read
Card Six

Cord Out
of Order ?

Sfore
Elements

¢
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REDUCT

(Subroutine
ELCALS3)

Seorch for
Sot. No.

v e

Set Unknown
Sat. Switch.
initiolize
Sot. No.

e

Set Sat. No.
to that of

Next Elements

Obtain
Elements

Al
Elemants
Used 7

indicote
All Elements
Used

Return
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3.1 RQOC, Radar Orbit Computation
‘ 3.2 Function

The orbital elements of a satellite are computed from either the
radar observations of the elevation angle, azimuth angle and slant range, or
directly from the geocentric rectangular coordinates and velocities.
The programis useful in obtaining orbital elements for newly launched
satellites, in generating a new set of elements for satellites that have
not been recently sighted, or in correcting the slements of a satellite.

A predicted orbit can be based on as few as three consecutive
observations recorded along a single tracking run of a big radar, such
as Millstone. An odd number of observations must be supplied. The
move observations given the better the results. The midpoint of
the radar run is first determined. Then the other points are picked
up in pairs, on either side of the midpoint, and effectively averaged.
The time span between individual pairs should be greater than forty
(40) seconds. The geocentric rectangular coordinates of the midpoint
are then determined and the elements computed.

‘ If the geocentric rectangular coordinates and velocities of a
point are used as input to the program, the averaging procedure is

skipped and the orbital elements are computed directly.

3. 3 Input
A request card precedes either input option (1) or (2). The
format of this card is as follows:
Cols. 1la3 Option (1) - Number of observation cards to be
read. Must be an odd integer between
3 and 999.
Option (2) - field ignored
Cols. 6-17 Alphanumeric satellite name or identification used
in output.
Cols. 18-35 Alphanumeric date used as part of identification

for output.

Col. 41 1 - element cards requested as output
Col. 42 1 - Option (1) - x,v,2,%,V, 2
. printed for the midpoint of the
observations.

- Option (2) - field ignored

1-3-1

e ey



ROC

Wolf Research and Development Corporation

om+2 om+3 Satellite

g ) Path

Rodar
Sigtion

Representation of a Radar Run

Fig. 3.1
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Cols. 72-80 Must be blank.

Input option (1) should be used if orbital elements are to be
computed from radar observations. Option (2) should be selected
if the orbital elements are to be computed from the geocentric rec-
tangular coordinates and velocities of a point in space. The input
decks should be as follows:

1. Radar observations supplied.
1. Request card
2. Slandard station card
3. An odd number of observation cards (3 to999)
in order of increasing time.
4. A card with a nine (9) punch in column 79,used
to signal the end of the data deck.
2. x,v,2,%,y, and z supplied.
1. Reguest card
2. Rectangular coordinates in the following
format:
Cols. 1-14 x in kms.
Cols. 15-28 vy in kms.
Cols. 29-42 =z in kms.
Cols. 43-46 Year of epoch
3. Velocity components in the following format:
Cols. 1-14 x in kms. /sec.
Cols. 15-28 v in kms. /sec.
Cols. 29-42 z in kms. /sec.
Cols. 43-56 Day of year of observation
of coordinates.
4. Card with a nine (9) punch in column 79, used to
terminate the data deck.
The quantities x,v, z,%,y, 2, and day of year must have a decimal

point punched somewhere in the field.

3. 4 Output
There are two output options (A) and (B) in addition to the normal
output describedunder (C).
A. This option may be requested only under input

option (1). If selected, the geocentric rectangular

1-3-3
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coordinates and velocity components, at the mean ‘“"‘\
time of the input observations, will be printed.

The x,y, and z coordinates in kilometers

will be preceded by the labels XX=, YY=, ZZ=,
and the velocity components in kilometers per
second will be preceded by the notations XDER-=,
YDER=, and ZDER. The time of the observation
in the day of year notation will be labled TIME-=.
This output option if selected will cause a punch
out of the standard six card element set. The
following quantities will be punched: satellite
number ( as read in from the observation card ),
element card number, satellite name, eccentricity,
inclination, year of epoch, time of epoch in day of
year notation, nodal period at epoch, right ascen-
sion of ascending node, argument of perigee, and
perigee distance. All other fields of the six card
element set are left blank since the quantities can ‘i
not be computed.

The normal output will be printed in the format

described below.

The first line will contain the heading R.ADAR ORBIT
COMPUTATION followed by the station name as read

from the station card. The second line has the label

satellite followed by the alphanumeric name as sup-

plied on the request card. This isfollowed by the

satellite number which was read from the observa-

tion cards. The date supplied on the request card

appears on the third line of output. The elements

which have been computed are then listed under

appropriate headings as follows: the same-major

axis in km. and earth radii, the right ascension

of the ascending node in degrees, the radius vector

in km., eccentricity and its squared term, the nodal

period in days and minutes, the argument of perigee in - 0
degrees, the velocity in km. per sec., the perigee '
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distance in km. and in earth radii, the time of the
last perigee pass in days, the inclination in degrees,
the apogee distance in km. and in earth radii, and

the time of the last nodal crossing in days.

3.5 Processing

If input option (B) is used, the elements are computed directly
from the x,v, z,%,y, and z supplied as input. Otherwise, these
coordinates are computed from the station coordinates and the radar
observations. An odd number of consecutive observations, at least
three, must be supplied. The midpoint, or middle observation, of
a radar run is chosen. The other points are selected in pairs, one
from each side of the midpoint. The time span between the individ-
ual observations in a pair should be greater than 40 seconds.

For each observation, the three topocentric coordinates are
converted into the geocentric rectangular coordinates x,y, and z.

. Next, the velocity components X,y, and z are found for each pair
of observations and are averaged together for the final velocity
components at the midpoint.

The orbital elements are then computed from the postion and
velocity components. The magnitude of the radius vector and the
velocity are computed directly from the rectangular coordinates and
velocity components. The semi-major axis, nodal period, eccen-
tricity, perigee and apogee distance are computed next, as well as,
the inclination and the right ascension of the ascending node. The
true, eccentric, and mean anomalies are found and the time of peri-
gee and nodal crossing are computed. Output is then written as

specified in the output section.
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-

(;

3.6 Formulation

If input option 2 used go to D, otherwise compute A, B, C.

A. ¢ = tan"1 (. 99329985 tan¢)
R = . 9966443 - + H
N1-.00670015 cos“p’ 6378.174
B. Determine rectangular coordinates for each observation (i).
2 .
r; = «/R +pi(p1+ 2+ R sin h)
, =1 o o]
B; = [[sin™ (R cos hy/r) [1 (0°<B < 907)
* 0
oy = |5 -B-n |
, =1 ® o ’ . /
bg = sin (cos a, sin¢ + sina; cosd cos Az,)
i 1 1 ,
a4k , ¢
A)\s = sin (sinai sin Azi/cos¢s)
)\s = N = A

o) :
0 = [6, + - 9856472 day, + 360. 9856472 fract. day; - A 5 ],(0°<0G< 360°)

’
r; cos ¢g CO8 e

"
"

4
r; cos ¢g 8in O

<
—-
1]

N
n

'
r; sin ¢

2 2 23/2
o= (¢ +y; tz)

C. Compute velocity components by geffectively averaging individual
;:J-, )"J, éj, components of e.ach. pair for final ;c, ir, z components.
Then compute velocity and r . Initially indices are as follows:
£ = 1 signifying first observation, n is total number of observations,

m is midpoint observation.

[ )
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T, = (b - ty) (. 07436574/60)
To3 = (tn = t_) (.07436574/60)
T3 = (ty - t,) (.07436574/60)
G = Tzsz/le T23 713

G, = (77_3‘2 - lez)/'flz T28 "13
Gs = lez/le 72313

H, = 723/12

Hy = (153 - 7p)/12

H3 = 1'12/12

d = G + H/r,

d, = G, + H,/r_

dy = G3 + Hy/r_

x =-d1x£ + dzxm +dgx,
y :-d1 yl + dzym+ d3yn

z = -dlzl+d2 Zm+d3zn

Update £ andn. £ =£+1, n=n-1. Iff=m, goon. Otherwise

return to C and compute x, }.r, z for another pair of observations.

m
. > - .
x = j=1 xj/l, for £ pairs
y = Z Yj/l

= Zaz./1 "

z zJ/

Compute elements
r = r\] x‘2 + yz + z2

V=N x2+y2 432
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€
]

I o= (xx +tyy +z2)/z

‘ 2 2
Cg = [2(631. 353746) /5]- v
a = (631 353746)%/C,)/6378.174

P_ = .058672947 (a) 3/2

e = W1 (VZ-¥2) r2/631.353746% 2
P = a(l-ez)
qg = a(l-e)

Q = a(l+e)

i = cos™! ((xy - yx)/631.353746 \p )}, -90°i i<+ 90°)

RA = tan'l (XZZZY )
Xz - zZX

ein R
P- r sin 1

cos p = (x +(z sinRAcoti)/l; cos RA

B o= fqual(cos B, sin p)

cosv = (p/ﬁ -1)/e

= fqual(cos v, r)

[k - v], (0°< w< 3607)
E .
1 fl-e \'i

fr 3= = N Tre BT

M, = Ej-e sin E

At = M. Py/an

Tp = tobs - Atl

1-3-8
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tan EZ - l-e
2 T+e

M, = E; -~ e sinE,
Aty = M, * Pp/2nm

T = T_ - At

w
tan T

1-3-9
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3.7 Glossary
Location Symbol Meaning ‘}/
AMEAN M Mean anomaly
AMEANN M, Mean anomaly
ANGLE i Inclination in degrees
APOGEE Qo Apogee in km above the earth
APOGER Q Apogee distance in earth radii
ARGPER w Argument of perigee in degrees
AXIS a Semi-major axis in km.
AZIM Az Azimuth from observation card
BETA g See Figure 3.2 angle §8
BUT To Time of epoch (day of year)
COP Constant 631. 353746 squared
COSRA Cosine of right ascension of
ascending node at epoch

COSsUu Cosine of argument of latitude
Ccosv Cosine of true anomaly
CuT Time of epoch
DAT d1 Coefficient used to compute X, ).r, z .
DAY Day of observation
DECLA ¢; Geocentric latitude of satellite
DELONG Al Difference in longitude between

8 station and subsatellite point
DELTAN Difference in time from perigee to

. node

DELTAT Time of obs minus time of perigee
DET d, Coefficient used to compute x,Y, z
DOT d3 Coefficient used to compute x,7Y, z
E e Eccentricity
ECCA E, Eccentric anomaly
ECCAN E, Eccentric anomaly .
ELAPSE Day of year of observation
ELEV h Elevation from observation
ESQUA e2 Eccentricity squared
FRACT Fractional day of observation
GAT Gy Coefficient used to compute x,Y, z .
GEOCL 4,' Geocentric latitude of station
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GEOGL
GET
GOT
GRI

HALB
HAT
HEIGHT
HET
HOT
HOUR
HW
IDCI
IDCO
IFLAG
ISSW1

ISSW2

ITYPE

IYR
KNAVE
L

M
MO
N

NATNO
NK

NL

PAK
PERIG
PERIOD
PERIOM
PERIR

o g g e

Station latitude
Coefficient used to compute x, vy, z
Coefficient used to compute x, 7y, 2

Time of observation minus time at
node

Number of pairs of observations
Coefficient used to compute X,y, 2z
Station height in meters.
Coefficient used to compute X, y, z
Coefficient used to compute x, y, z
Hour of observation

Hour after hour of first observation
Input tape

Output tape

End of input indicator

Output option= 1 for punched element
cards

Output option= 1 for Cartesian
coordinate output

Input card type, non-zero for end
input

Year of observation
Time of epoch

Observation card number being
processed

Midpoint observation (number)
Month of observation

Obs paired with L (number)
Number obs cards to be read
Satellite number

Overpunched column 1 from obs.
card

Last two digits of satellite number
from obs. card

Semi-latus rectum

Altitude at perigee in km.

Nodal period at obs. time in days
Period in minutes

Perigee distance in earth radii
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RADIUS
RASC a

RAT r3
RAXIS a,
RITASC

RK
ROOT r

RT

RX

SATNO

SCAN

SDAT

SECOND

SIDE 0
SINRA

SINU

SLANT p
SLONG X
SMIN

SMONTH

SNAMEL
SNAMEZ}

STAME

STEME

STOME

STUME

TAME T2

TAZ

TEZ

TIZ

TEME Ta3

THE

1-3-12
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Earth radius at station

Angle o,* , see Figure 3.2
Array of £3

Semi-major axis in earth radii

Right ascension of ascending
node in degrees

Constant 6378.174 km./e. r.

Distance from center of earth to
satellite

Constant . 07436574 /60= Ke /60

Constant -017453295 deg/rad.
Satellite number

Time of ob. in seconds
Smithsonian date of ob.
Seconds of observation
Sidereal time

Sine of right ascension of ascending
node

Sine of argument of latitude
Slant range from observation
Longitude of subsatellite point
Minute of observation

Month of observation

Alphanumeric satellite name

Alphanumeric statiocn name

Elapsed time between obs. and
middle obs.

Alphanumeric date of observation

Elapsed time between middle and
last obs.

Tangent of Et/z

¢
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THEN
TIME
TINOD
TINODS
TIPER
TIPERS
TOBS
TOBSS
TOME

TRUE

U
VECDOT
VECTOR
VELOX
VK

W
WLONG
X

XDER
XDOT
XDUuMP
XX

Y
YCONST
YDER
YDOT
YDUMP
YEAR
YR

YY

Z

ZDER
ZDOT

ZDUMP

Zz2Z

13

<HHOC<

Exi' vk

> x
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Tangent of E,/2

Array ot obs. times

Time of node in days

Time of node in Smithsonian days
Time of perigee in days

Smithsonian time of perigee in days
Day of year of middle observation

Day of Smithsonian year of middle obs.

Elapsed time between obs. and last
obs.

True anomaly

Arg. of lat. of sat. in orbit plane
First derivative of r in km/sec.
Vector magnitude in km.

Velocity in km/sec.

Computed 7. 90529382 /o. of pairs
of obs.

Day after day of first observation
Station longitude

Array of computed x-coordinates
Yields final x velocity component

x velocity component

Summation of individual x components
x coordinate of r on km.

Array of computed y-coordinates
Sidereal time at start of year of obs.
Yields final y velocity component

y velocity component

Summation of individual y components
Last digit of year of observation

Year of observation

y coordinate of r in km.

Array of computed z-coordinates
Yields final z velocity component

z velocity component

Summation of individual 2 -components

z coordinate of r in km.
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¢

Local Vertical Satellite
Ay
A AN
' Ei - — Local
Horizon
"I
Rl
a*
R, &
¢

Illustration of Relations between Quantities

Fig. 3.2

L
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START

I

- Initialize
Constants @
l./
99
Read
Request
Cord

Do Obs.
Foliow ?

Yeos

Add 360°

Longitude

7
Read Reod
Station Position And
Cord Velocity
s A4

Negotive?

To
Longitude

KEY:

Process Observitions
Compute Nodal Elements

If Data to be Punched, T

»

& 76

thmpun
® R &
Midpt.

(=)

!

ransfer from

Interim Tape to Output Tape
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Reod
0Ob. Cord
Define Day
And Hour j
@ 60
Retrieve 6,
SMITH
Yes Midpoint
Obnor;otlon
KEY: 69
@ Com ¢ - > | Detine Day of
. pute x,y,z,x,y, and z | Yr. of Midpt.
ob,
Compute Smithsonian Day t 68
Define Time
of
‘ Computation

Compute Day of Year from
Smithsonian Day A3
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Add 3600
Secs. To
Time ofObs.

Add 3600 Secs.
To
Time of Obs.

KEY:
Read Ob. Card

® ®

64

Compute Elements

AlV  Obs.
Reod 7

Yes

‘Compun'q',i,
X, 2,52

All Poirs
of Obs.
Processed !,

Yes

Cartesian
Coordinates
Requested ?,
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o ¢

- Compute
Orbital
Elements

Write Output
Sta. Name,
Sat.Name,

Time of Obs. |

i ¢

Write Gutput |

Elements

!

- Write Output |

Eccentricity

Punched Cord

Output
Desired 7
KEY: ¢
Write Card
Return to Process Next Case | Output On
Interim Tope
YRDAY | Compute Smithsonian Day
‘ Convert Smithsonian Day to Gregorian Date ﬂ

1-3-18
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Fill Buffer
From interim
Tape

Processing,
Complete ?

Write Buffer Terminate
On Output
. Tope OQutput Tape
- EXIT

%
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G

QUAC(X,Y) - places an angle in the proper quadrant (0 to 2n) after
taking the absolute value of the arc sine of the angle,
(] sin-tY | ). The following arguments must be given:
X = cosine of the angle
Y

sine of the angle

QUAL(X,Y) - placesanangle in the proper quadrant (0 to 2n) after
taking the arc cosine of the angle, (cos-ix). The
following arguments must be given:

X = cosine of the angle

Y = sine of the angle

QUAT(Y, 2) - places an angle (the eccentric anomaly) in the proper
quadrant (0 to 2m) after taking the arc tangent of the
angle times two, (2 tan-iz). The following arguments

-

must be given:
v ¢
z

sine of the true anomaly (v)

tangent of the eccentric ancmaly over two, (tan -Ez-:')

SMITH(X) - retrieves 90 for the year of computation, given the
argument X which is the last digit of the year.

1-3-20
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4.1 LOCVEC, Vector Coordinates for Lockheed
4,2 Function

The program computes the predicted position and velocity
for Lockheed from nodal element sets. The output is written on
magnetic tape for printing and for punching five-channel paper
tape for teletype transmission. The teletype data is received at
Sunnyvale Tracking Center where it becomes binary input for a
CD C 1604 computer.

4.3 InEut

The input data is ordered as follows:

(1) Up to five hundred request cards

(2) A card with a numeric punch (1-9) in col. 8.
This indicates the end of the request deck.

(3) Standard six or seven card element sets of
the satellites in the request deck or all
satellites (up to 500 sets).

{4) A blank card which signals the termination

of the element deck.

The elements sets do not have to be in the same order as the
satellites appearing in the reguest deck.
The following information should be included on the request
card: L
Cols. -3 The SPADATS satellite number
Col. 8 Must be blank
Cols. 9-12 The STC (Sunnyvale Tracking Center)
satellite number, or if the SPADATS
satellite number is used, it should be
preceded by a nine (9) punch in col. 9.
Cols. 13-20 The alphanumeric name of the satellite.
Cols. 21-24 The alphanumeric abbreviation of the

country of orgin.

1-4-1
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4.4

4. 4.

4.5

1

.2

Qutput

Printed ‘}/

There is one output line for each satellite. The order
is the same as that of the request deck. ZEach line contains:
(a) the satellite number; (b) the Sunnyvale Tracking Center
number or, if preceded by a nine (9), the SPADATS number;
(c) the element number; (d) the month, day, hour of epoch;
(e) seconds since the start of the epoch month; (f) epoch
revolution number; (g) the x,vy,z coordinates in feet, and

the velocity components in feet per second.

’I‘eletzge

The basic message consists of a header and thirfy-one
words of five-level teletype punch. A visual header and a list-
able teletype header are included at the start of each message.
The visual portion identifies the tape as a SPADATS vector with
the characters '""'SP'" and the four digit vehicle number. The list-
able header contains the word ""SPADATS" followed by the vehicle o
number, the month, day and the nearest GMT hour of the last up-‘i
date of vectors. Tape contents and format are presented on the

following pages.

Processing

The request cards are read into an array. This array is
checked as each element set is read into core, and the elemenut
sets, for which vectors are required, are stored.

The nodal elements to be used are converted to M, M, sets
as required by the Analytical Integration Routine (XYZSB). The
required position and velocity components are obtained from
this routine.

LOCVEC converts the position coordinates to feet and the
velocity components to feet per second. These quantities are
then written on the output tape for off-line printing through the
UBC. The conversion to the required teletype format, described
in the output section, is then achieved and written on the tape
for off-line punching on five-channel paper tape. This teletype 0
data becomes input for a CDC 1604 computer at the Sunnyvale
Tracking Center. )

1-4-2
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Word No.

1

283

TAPE CONTENTS AND FORMAT

Content & Format

Check sum 224 (see note 1).
Identification number, 8 BCD characters (see note 2).

Revolution number for vector, 19 bits, D23 --D_ fixed
. 5 5
integer, scaled 2.

Bits D4—Dp are all zeros.

Bits D3—Dy7 are all zeros.

Bits D|g must be set equal to "1".
Bits Dj5—DI4 must be zeros.

Bits D 3—Dg are vehicle numbers (000l to 9999) fixed
integer.

This number will be supplied by the STA for each
vehicle. (i.e. 1204 or 2203, etc.)

D23~Dj4. 8 bits all zeros.

Dj5—Dy3, 3 bits fixed integer, number of vectors
being transmitted for this particulor vehicle. (This
will probably always be 1. See further note 3)
D,,—Dg are all zeros.

D3~ D,24 bits all zeros.

Source, 4 BCD characters.

Da3—-Dg 24 bits all zeros.
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LOCVEC
I5 023—D20, 4 bits all zeros . ‘}/
Dj9=Dg, 20 bits fixed integer, number of data
points (or number of observations) used in fit.
16 & 17 t (machine fime) see note 4,
i8 & 19 X
20 & 21 Y [ position vectors; 48 bits, floating point.
228&23 Z
24 825 X
26 & 27 Y velocity vectors; 48 bits, floating point. .
28 & 29 7 |
30 & 3l 0  (standard deviation of data)
Note |.  Word 1 is a check sum of all bits on the tape. It does not (’\
include the parity bits. The check sum is formed by tabu-
lating all 24 bit words on the tape and adding all bits.
The overflow beyond the 24th bit is folded under and added
to the previous sum to get the final check sum.
Note 2. Words 2 and 3 give the identification number. Any 8 legal
BCD characters are permissible. |t is suggested that t hese
words be used to indicate the Spacetrack object designation
(i.e. 1961 A1 for 1961 Alphal,or 1960 B 2 for 1960 Beta 2).
Note 3. The need for more than one vector at any time for one

vehicle is not apparent in this case. Therefore, these 3

bits should always indicate 1. ‘\
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Note 4,

Note 5.

Machine time is the number of seconds elapsed since 00 Hrs.,
GMT, on the first of the month.

In Figure 1 the D's indicate data bits and the P's indicate
parity bits. Note that there is both horizontal and vertical
odd parity. Note the repeating pattern of data word start
bits. There must be a tape start header and a tape stop
pattern. If there are 10 different vehicles on one physi-

cal length of tape there must be 10 tape start headers and

|0 tape stop patterns, one for each vehicle. The tape must

be transmitted three times in succession.
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LOCVEC

3dv1 viva 40 lvywiOd
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. 6 Formulation

A. Convert nodal elements to N, M elements

1. a = g/ (1-e)

2 p = q(lte)

3. n = . 07436574/a3/2

4. ayp = € Ccosw

5. ayn = © sin w

6. Ey = -2tan f\((l-e)/(l + e)etan w/2)

7. M = EN - e sin EN

8. L = o+ M i Q

9, c" = -360n02c n-z) where-C'" = drag. coeff; ¢ is rate of ‘7

change of period.

. 000120717 2 . 3 2, .2 27 2
10.  kgLgo = ——7—2-— [3-5e - |cos1‘(1-—2-e ) -sin 1(4-Teu)]

B. Use Analytical Integration Routine (XYZSB) to compute predicted
position, x, and velocity, _1: , and intermediate quantities.
Equations for this routine may be found in Aeronutronic
Publication U-1691 page 4-78.

C. Upon exit

1. x = 20925725.863 x Convert earth radii to feet
y = 20925725.863 y

z = 20925725.863 =

2. % = 25935,85859142 ¥ Convert earth radii/kemin to feet/second
y = 25935,85859142 y
z = 25935.85859142 z

1-4-8
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*
3. tday of month = [to] - tmo

thour = (tg = [t5]) 24+ .5

tsecs = (tday of month * to -[ to]) 86400

Output: Satellite No., Sunnyvale sat. no., element no.,

tday of month’ ‘hour’ ‘secs’ No’ X'V z,%, Y, 2

%
[to] = Integer value of t

PO

1-4-9
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4.7 Glossary

Location  Symbol

ADDCON
AQ
AXNO
AYNO
BODY

a
Xxn

a
yn

c C"
CIR

CON

COSI cos i
CTERM

DATA

DTR

E e
EE

ELAPS

EO e
EOSQ, ESQ e
EXPON

FLNU

FORDE

FPS

FT
HEADER
ID

IEL
IHOUR
ILE

IR

ISAT
ISTC

1T

RV I o - i e e o rel, e 1 e e i

G

Meaning

Parity indicator
Semi-major axis at t
2xn } components in orbit plane

ayn at to of a

Intermediate buffer used when output
quantities converted to Baudot

Drag coefficient

Constant = 360 (2w in degrees)

Constant = . 05862947

Cosine of inclination

Array of rate of change of period

31 word output buffer for data in Baudot code
Constant = .017453292519 (degrees to radians)
Eccentricity

Array of eccentricities (E
Seconds in month of epoch revolution number
Eccentricity at to

Eccentricity squared

Exponent of floating point number

Floating point number

Alphanumeric E, column 80 in 7 card element sets

Constant = 25935.85859142 (earth radii/ kemin
to feet/sec)

Time of epoch in fractional days

Table containing heading for paper tape output
Element card number

Element number

Hour of epoch

Array of element numbers from request cards

Epoch revolution nurnber

Satellite number

Sunnyvale satellite number ()
Time of epoch in integer days

1-4-10
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J

JTI

JTO
LAPD
MANTIS

MO

MON, MONTH
N

NAT
NA TNO

N3PIO2

NSTC

NSTCNO
NUMBODO

P P

P72 (pn)"/ 2
PA

PDT c

PDOT

PI g
PI2 27
PIOV2 n/2
PTSIX q,
QQ

RAN

REV N
REVE

REVNO

RIN

SAVE

SAVI

Index equals number of element sets matched
with request card satellite number

Input tape
Output tape
Day of month of epoch

Mantissa of floating point number on conversion
to Baudot

Array of total numbers of days since first of
year.by month

Month of epoch

Index equals number of request cards with elements
available

Satellite number

Array of satellite numbers from request cards
Constant - 31r/2

Year of launch from request cards

Array of vears of launch, from request cards
Table of Baudot code for digits

Nodal period at epoch - F

P 17/2

Array of nodal periods at epoch in days
C-rate of change of period in days/rev
Binary Baudot rate of change of period

Constant = w

21
'rr/Z

Perigee distance

Constant

[

Constant

Array of perigee distances

Array of right ascensions

Epoch revolution number

Array of epoch revolution numbers
Binary Baudot epoch revolution number
Constant = 20925725.863 (earth radii to feet)

Temporary to save contents of XRl and XR2
Temporary to save contents of XR3 and XR4

1-4-11
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SECPOC
SET
SINI sin i
SIND
SOURCE
SOURCEA
SMAN
SNAME
SNAMEA
SYMBNUM

sin p

T
TA i
TAE
TAPEOUT
TEMP
TENM6

TIM

TIME t
TWOPI

w w
WDOT S
WN
wz
X X
X1

X2

X23SAV

X4SAV

XDOT x
XJGRCF

XKE

XLO \
XM302

Time of epoch in binary Baudot code seconds ‘?
in month y4

Switch set to indicate which half paper tape
output buffer used

Sine of inclination

Sine of argument of latitude

Country of origin of satellite from request card
Array of countries of orgin

Sign of floating point number

Name of satellite from request card

Array of names of satellite

Table of digits which yield visual symbols
when punched on paper tape

Time interval in minutes since time of epoch
Inclination

Array of inclinations

128 word holding buffer for paper tape output
Table of TTY functions

Constant = 107° ()
Array of epoch times

Time of epoch in day of year

Constant = 2w

Argument of perigee in radians

First derivative of argument of perigee
Array of arguments of perigee

Cosine of inclination

x-coordinate of r

Binary Baudot x-coordinate of r

Binary Baudot x-velocity component
Temporary to save contents of XR2 and XR3
Temporary to save contents of XR4

x-velocity component of r

Constant = 1.20717 x 1072
Constant - kg = .0743674
Mean longitude at t, in radians

Constant = 3/2
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é

XM4CO3

XMZ
XNO

XNODEO

Y

Yi

Y2
YDOT
Z

Zt

z2
Z2DOT

sin i

Constant = 4C/ 3

Sine of inclination

Mean angular motion at to

Right ascension in radians
y-coordinate of r

Binary Baudot y-coordinate of r
Binary Baudot y-velocity component
y-velocity component of 1
z-coordinate of r

Binary Baudot z~coordinate of r
Binary Baudot z-velocity component of r

z-velocity component of r

Other terms may be found in description of the subroutine XYZSB.
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START

y

Initiatize
Constants,
Heodings,

Switches

Read Request
Cords & Ploce
Infain
Request List

Read One
Card

s This Cord
First of
Element Sﬂ?

Yes

Is
Card Number
Blonk?

Read the Remainder of the Element Set
Begin Computations

1-4-14
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KEY:

Is This
Satellite In
Request List ?

66

Reod
Next Five
Element

Cards

Store
Elements In
Element
Arroy

Write on Elemant
Error Card Six

Messoge ~Ein
cot. 807

Returns to Element Card Read

1-4-15
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()

82
_Ratrieve
Elemhents for

Naxt
Sotellite

!

Compute
Lotkhaed
Vittors |

XY, 2,XY2Z

out put
Quantities
XY, 2,XY,Z,

Convert
Satellite
Number To

visuo! Code

l

ingert
Satellite
Number Into
Heoding

'

Convert
Hoqdlnq To
TéletypeCode

KEY;
@ Continues with Teletype Conveérsions

1-4-16
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Tronsfer
Heoding To
Output
Buffer

y

Convert

X,Y,Z, 'Y'zl

Yo Teletype
Code

v

Compute
Checksum

!

Form
Pority
Check

Tronsfer
Information.
ToOutput
Bufter

Output
Buffer
Filled ?

Yes

Fill Buffer
with Fillers |

‘

!

KEY:
Continues
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-

output
informotion

in Output
Buffer

Mdve Al
Satellites Been

Procesied?

Y&s

Output
L.eader to
EXIT Separate
’ Teletype Irnifo.

fN——s

A3

KEY:

Returns to Compute Next Satellite

¢
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5.

5.

5.

5.

1

CCOE, Cartesian Coordinates From Orbital Elements

Function

From a given element set, this program calculates the

' Cartesian coordinates %, ¥, z and the components of velocity

—%’i, -—%, %— of a satellite for a specified length of time at
given intervals. The output can be expressed either in kilometers
and kilometers per second, or in earth radii and earth radii per

mainute.

- Input

The data deck is comprised of: 1) a standard 6 oxr 7 card
element set, 2) as many request cards as needed and, 3) a
blank card. This sequence is repeated for all satellites requir-
ing this computation. The final sequence should be followed by a
second blank card to terminate the program.

The following information should be punched on the request

card:
cols. 1 -10 Time start (in days)
cols. 11 - 20 Time step (in days)
cols. 21 - 30 Time stop (in days)
col. 31 Blank - output in kms.
1 - output in earth radii

-Decimal points may be punched anywhere in each of the first

three fields.

Output

The output consists of Cartesian coordinates and their
related components of velocity for the time increments requested.
The dimensions given are in kilometers and kilometers per
second, or earth radii and earth radii per minute, depending on

the output option chosen. The sentinels required by the TELTYP

program are included so that conversion to teletype tape is possible.

i-5 -1
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56
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Processing

After reading a standard six or seven card element set and a
request card, the variables x, y, =z, ;:, ;r, and z are calculated and
printed according to the specified output option. The time is in-
crermented by thé time step specified on the request card. Unless
the stop time has been exceeded, the program computes new vari-
ables for the incremented time.

‘ When the stop time specified on a request card has been ex-
ceeded, the program assumes that the next card is a request card
for the same satellite for another time interval. If the card is
blank, the program returns to the element read section for another
standard element set. A return to the executive routine is made,
if a second blank is encountered. Otherwise the requests for the

new satellite are processed as above.

Error Messages

1. NEGATIVE NODAL PERIOD, SATNO
continues until next case is found

2. ELEMENT CARDS OUT OF ORDER. Same procedure as
under (1)

3. MISSING NODAL PERIOD. Continues processing that case.
P,

4. SUBROUTINE ERROR EXIT FROM OCTAL .

Subroutine or irrecoverable input output error. Exits to

Reading

is used for Pn'

system if GO option taken. The message will be repeated

if the STOP option is used. A dump should be given if the

computer is in a non-interruptable mode of operation.
Formulation

360 P
1. P, = ———22
a 360 - Pyow

P
a
2. ap = [.‘o?s"&nﬁf]

3. t = TI - tO

t
4. XX =
P,
5. N = Integer part of xx

1-5-2
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6.

10.

11,

12.

13.

14.

15,

16.

17.

18.

19.

20.

21,

22.
23.
24.
25.
26.

t1] = t-t

(0]
Q) = Qo+, = O g2
Mo T T 5 Yo Yy
. 1+ 2
(a.)(t) = wo+wo tl + Two t].
t (N) = T + PN+ cN® + dN°
n o] (o]
2
P_(N) = P, + 2¢cN + 3dN
360 P_(N)
PalN) = =5 =W |
| P3(N) 2/3
a(N) = | —<z55739aT |

Ao

e(N) = 1- IINT (1- eg)

E_=2tan! { \fﬁ%")’_ tan (.‘iz(ﬂ)J 0< Ep < 2n

Is (t-ty(N))<o0?

Yes: N = N-1 No: Go to 16
Go to 9

If (Pa(N) - (t-t,(N))) < 0 If (P,(N) - (t-t (N)))>.0
N = N+1 Go to 17
Go to 9

M(t) = ?Zﬁ‘m (-t (N))

E’ (t)

n

M(t)

E (t) = M(t) + e(N) - sin (E'(t))

Is [E(t)- E(t)]> 1077

Calculates sines and cosines of Q,w, i

a, = a(N) (cosw: cos @ - sinw . sinQ + cos i)
ay = a(N) (cos w* sinQ+ sinw . cos R+ cos i)
az = a(N). sinw- sini

bx = - a(N) Vl - e(N) (sinw » cosQ + cos w - sinf + cos i)
by = a(N) Vl - e2(N) (-sinw - 8inQ + cos w + cosf + cos i)
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a(N) Vl - eZ(N) cos W. sin i

N
N !

27. b, =
28. ¢ = cos (E(t)) - e(N)
29. ¢ = sin (E(Y)) - e(N)
_  -2m ) .
30. ¢y = Ba[N) sin (E(t))
1 - e (N): cos (E(t))
31 c4 = A 2m__. cos (E(t))
' 4 ° Pa(N)
1 - e(N) - cos (E(t))
32. x = 6378.174 (Cya + csz)
. = .174 (C +
33 y 6378 (Ciay CZby)
3.z = 6378.174 (Cja, + G,b )
35. x = .07382146 (C3a, + Cyb,)
36. y = .07382146 (C3ay, + Cyby)
37. z = .07382146 (C3a, + Cyby)
38. t=t+ At
39, t> TF ?
No: Go to 6

5.7

Yes: Return for next case

Glos sary

Location Symbol

Meaning
Semi-major axis (on 7 card element sets only)

Mean anomaly at'time t
Semi-major axis at revolution N

Semi-major axis at epoch

Cosine of argument of perigee

Cosine of right ascension at time t

Cosine of inclination

Rate of change of period -
Nodal ¢ term { )

Time from epoch

A

AMT M(t)

AN a(N)

AO ag

C2 Pl 2:-PI
CGT cosw
CHT cos (Q(t))
CI cos i

CO c
CSPTRK

DELT ty

DN

Number of complete revolutions.from epoch

1-5-4




Wolf Research and Development Corporation

CCOFE

DO

EAA
EAG
EAT

EN

EO

ET
GDOT
GO

GT
HDOT
HGDDOT
HHDDOT
HO

HT

IDN
IELNO
IFORD
ISATNO

KM

MAGIN
MAGOUT
NAME 1
NAME 2
PAE
PAN

PI

PNN
PNODL
PO

RHO
ROOT
SGT
SHT

Pa(N)

P (N)
Pn

sinw
cos (§ (t))

First derivative of rate of change of period
Approximation to eccentric anomaly
Eccentric anomaly of ascending node
Eccentric anomaly at time t

Eccentricity at revolution N

Eccentricity

Epoch time

First derivative of argument of perigee
Argument of perigee

Argument of perigee at time t

First derivative of right ascension

Second derivative of Argumentof perigee
Second derivative of right ascension

Right ascension of ascending node

Right ascension at time t

Number of complete revolutions from epoch
Element number

Column 80 on fifth element card

Satellite number

1, Output in earth radii and earth radii/min.
0, Output in kilometers and kilometers/sec.
Input tape number, 0

Output tape number, 11

First six characters of satellite name
Second six characters of satellite name
Anomalistic period of epoch

Anomalistic period for revolution N

w, (3. 1415926536)

Nodal period for revolution N

Nodal period of epoch (if 7 card element set)
Nodal period of epoch

57.29578

Temporary storage

Sine of argument of perigee

Sine of right ascension at time t
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SI

TA
TANN
TNN
TSTOP

xx
XDOT

YDOT

ZDOT

Sin i

t,(N)
t,(N)
Tg

X

o.{o.
baa

3
d

e ol

B T e

o

Sine of inclination

Initial time in days

Inclination

Time of perigee passage of revolution N
Time of nodal crossing for revolution N
Final time in days

x component of position vector of satellite
Revolutions from epoch

x component of velocity

y component of position vector of satellite
y component of velocity

z component of position vector of satellite

z component of velocity

1-5-6
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Yes

START

Initialize
Constants ond
Counter

Read Ist
Element
Card

EXIT

Increment
Counter by |

2 5 : 3 ‘ 6 z4 i 7 (1.} T 8

Reod 2nd Read 3rd Read 4th Reod 5th
Element Element Element Elemant
Card ] Card Card Cord

(2 e

i
=
s

®®

Error Routine

[+ J
w

(

e et -

Continues on With Program

1-5-7
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Write Msg.
NEG. NODAL

PER10D

)
9]
<

OOOO

Store
Nodai Period
and C-term

Error Routine

is Nodol
Period
Missing?

Continues on With Program

Yo3

Write Msg.
MiSSING
PERIQD|.

Yoo

Read 7th Card of Element Set

Initialize to Read in Next Element Set

1-5-8
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Is Time
Step glonl

Wwrite,
Heading with

ERV

!

Write
Teletype
Sentinels

¢ 19

Read
Request
Card

is Time

Step Ogooaﬂv

ves

Write
Heading with
KM

y
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KEY:

®O

o ®

30

Compute Iindicate
Pa,Qo,At, Error on

AN Flexo

Atz t-To

I

‘ Compute
a(tywit)

i * o

Compute
‘ Tn(N),Pn(N},
NsN-| - Pal NE):'dN),.(NN

Re duce
Revoiution

008 Cross
No /forRevolution

N Precede
TimeT?

Nz N +1

increase
Revolution

Does Request

l No Time Foll
within Current

Revotution?

Initialize to Read in Next Element Set

Continues With Program
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Iterote to
Find Eccentric
Anomaly

'

Compute
Positions and
Velocities in
Rectanguiar Coord.

170

Should Qutput

AL be Converted to
Eorth Rgdﬂ
i Unite ! (\y
Convert to
E.R.U.
Write
Output

KEY:
‘Continues With Program ‘ ’

O
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~ Increment
Time by
Requested

Step Size

Has Stop
Time Been

Exceeded §

No

KEY:

@ Returns to Compute Next Set of Co-ordinates

1-5-11
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At

RESPLT, Residual Plot
Function

RESPLT reduces observations against the g, I\_/I_ element sets
and produces punched card output which can be used on the EAI
Data Plotter. The residuals which can be plotted are: (1) the
difference in time between the predicted and observed positions
versus the revolution and, (2) the vector magnitude difference

versus the revolution,

The plots are especially useful as an aid in the analysis of
element sets. Large residuals may indicate that the current ele-
ment sets need updating or that a piece has broken off the satellite,

Maneuvers,not otherwise easily detected, may be revealed when

these residuals are presented graphic form (cf. Fig. 6. 2).

New Piece Maneuver

At

el

7S

Revolution Number Ravolution Number
Figure 6. 1 ‘ Figure 6.2
Ingut

The program requires observation data to be entered as card
input. Element data and sensor data may be entered as card input

or read from the SEAI tape.

The observations must be obtained from standard observation

cards which have previously been sorted by satellite number. These
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cards must have an association status punched in column 80 ‘}/
(cf. Fig. 6.6).If untagged observations (satellite number =

zero) are to be reduced against a particular element set, a

standard observation card containing the number of the desired

element set and a blank sensor number should be placed in the

observation deck preceding the untagged observations. The num-

ber of observation cards allowed is limited only by the space

allocated to OBLOC.

There are six input options which may be specified on the
SPSJOB card. Each option specifies the source of the sensor and

element data, i. e., input cards or SEAI tape.

Option | Observation Element Sensor
0 Ob. Cards SEAI Tape SEAI Tape
1 Ob. Cards Element Cards SEAI Tape
2 Ob. Cards Element Number Cards SEAI Tape 0
3 Ob. Cards SEAI Tape Sensor Cards
4 Ob. Cards Element Cards Sensor Cards
5 Ob, Cards Element Number Cards Sensor Cards

Fig. 6.3

Element data may be obtained from standard 7 card element
sets with an E in column 80. Since the executive routine reads
the element sets into EBLOC, the number of element sets is
limited by the size of that block. Element data may be obtained
from the SEAI tape if element sets are not included in the input

deck.

Sensor data may be obtained from standard sensor cards
with an S in column 80. The number is restricted only by the size
of SBLOC. Sensor data may be obtained from the SEAI tape if ()

no sensor cards are included in the input deck.
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6.4

OutEut

Printed output consists of the reduced observations sorted
by revolution number within a satellite number in groups of 100.
A heading line, which describes the output quantities in the columns
below, is printed for each satellite. The satellite number, obser-
vation number, revolution number, time in minutes since epoch,
vector magnitude in kilometers, number of revolutions since epoch,
element number, association indicator, and station number are .

printed for every revolution number,

The punched card output can be used to plot residuals on the
EAI Data Plotter using K + E 10 x 10 cm. graph paper. The pen
command for the Data Plotter is contained in column 55. The data

deck is divided up as follows:

1) A card with a command to stop the plotter (7 in col. 55).
The operator can set the origin at this time.

2) A set of cards which will ené.ble the plotter to draw the x
and y axes (6 cards).

3) A card which will stop the plotter so that the above can be
tried again if necessary.

4) A set of cards which will plot the visual characters S, E,
R, T and the information required to identify the plots.
S will be followed by the satellite number, E will be fol-
lowed by the element number, R will be followed by the
epoch revolution number, and T will be followed by the
the time of epoch in days.

5) A card which will stop the plotter (7 in col. 55).

6) The data cards containing the residual information to be

plotted. There is one card for each line of printed output.
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AA

AB

AG

AD

AE

AF

AG

AR

AJ

IBM 523 Summary Punch

-
[ 2 3 & 5 6 7T 8 9 10 M 12 13 14 15 & 7 s 19 20 ‘(j/
s REPRODUCING  BRUSHES 15 20+
o o 0 0 0o 0o 0o o o o o o o o o0 o0 92 o o o
25 30 35 40
o o ¢ 0o o o o o o o0 0o o o o o6 o0 o o o o
45 50 S5 60
0o o o © o o o0 o0 0o o0 o o o0 0o o0 o0 o o o o
65 70 75 80
o 0o 6 © 0 o o o 0o o0 o o o o o o o o o o
~1—D. P. & 8L. COL. DETECTION——10T——COLUMN 11.12 SPLITS
o o o o ©© o o0 o o oflo o o o o o o o o o
15 20 . 0-9
o o o 0o o O 0 o o olo o o o o o o o0 o o
9—8 G. P. EMITTER———1—=0— 1 2 k] 4 COM 7 [] 9 w0
o © o © 0 0o 0 0 o0 ©voj0o 0 o 0o 0 o 0 o o o

[-ll—ll D.P.D.

RX——RD——PX——PD1

o olo 0—0 0 0—0 O
o&X X PIU READ X B8R, MX
o—o | o 10 20 30 40 SO | o
5 PUNCH MAGNETS 15 20+
©o o 0 0o o o 0 0 0 0 o o 0 0 0 o0 o0 o0 o o
25 30 35 ‘0
o o6 06 0 0o o 0 o o 0o o o 0o o o0 o 0 0 o o
e 50 55 60
0o o 0 0 © O o o 0o © 0O O 0 0 0 0O O O Oe0
s 70 75 80
o o 0 © 0 0 0 06 0 6 0 0 o 0 o o0 0 ©0 0 o
P. X. BR.—S: 1 M. S. BRUSHES—1I0—m-———H
| o o 0 0o o6 o I © 0 o 0 o 0o o 0 © 0o 0 0 o o
‘ 15 20+
o o o o 0 o o o o o0 o
as 40

(o] (o] [e] o o ] [e] 0

: €
o o o o o 1934

(o] o e} o
£

o] [o]
, fBRUSHES —27 R p T
O 60 070 ([0XxO0O [o]
skusuis———j——* - 201

] o (o] (o] (o] (o] [}

s
o o
OR M. S
o130 08Ao
330 o
BRUSHES
o o
35
o o
OR M. S,
53 O 06Co

y O¢s 0O
-5
o] o
25
o] o]
45
[¢] e}
[1]
o o

o o%o0 o0 0 0,070 O
COMPARING BRUSHES 15
)

) o o o o o o
30 s
©c 0 0 0 0O 0o 6 0 0o o 0o 0 o o
50 58 60
o 0 o 0o 0O 0 0o o o0 o o o o o
70 78 80
©o o o 0 o o 0o o o o o o o o ‘}

At(y) vs. ARev(x)
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AA

A8

AC

AD

AE

af |

AG:

AH

LY

AK

IBM 523 Summary Punch

2 3 & 5 & T 8 9% 10 11 12 13 14 (5 16 1T 18 19 20
5 REPRODUCING _ BRUSHES 15 204
[o} [o] o [o] [o] o] o o] o] (o] [o] (o) o] [ [e] o] [ o) [¢] [}
25 30 s 40
o] (o] (o] [o] o] [o] o] (o] o} [o] o] [o] [¢] [o] o (o] [ o] [e] [o]
45 50 55 60
o] [e] o] [o] [o} [ [o] [o} o] o o (o] o] o o] [o] [} [ o o
65 . 70 7S 0
[e] o] o] [e] o] (o} o o] [e] o] o ) [ [ [o] [e] o] o [o] o]
~1—0. P. & BL. COL, DETECTION——10—1-—COLUMN TRY SPLITS
[o] [o] o] [e] [e] Q [o] ¢ [e] o] (o] o (o] (o] o o] [+ [ 0 [e}
15 20 0-9
0o o] o (o] [0} (o] (o] [o] o] [a] o o (o) [e] o] [o] o o ] [+
9—2 G. P. EMIYTER————-‘-——-O-T 1 2 3 4 oM 7T & 9 w0
o] o] o] o] o] [} [o] (o] o] o] [o] [o] o] [¢) o] O ] [o] [o] [e]

n—12 D.P.D. RX——RD—=PX——PD+

o olo o—o0 0 o0—0o ©

0&X X PIU READ X BR. - MX

o—o | o 10 20 30 40 50 | O
s PUNCH MAGNETS 15 20

o 0o 0 o 060 o o0 0 o0 o0 O o0 o0 o o0 o0 0 o o o
25 30 3s 40

© o o o o0 o 0o o0 o0 O ¢ O 0 0O 0 0 0 o0 o0 o
45 50 ss 60

o o 0O 0O 0o o o 0o 0o o0 o o0 o0 o0 o6 o o0 o0 o0 o
65 70 78 80

[o] [o} o [e] o} o} (o] o o [} (o] Le] [e] o (o] o] (<] (o] (o] o

[—P. X. BR.—5 ! M. 5. BRUSHES—10 4
[¢] Le] o (o] o :] ] o o (o] (o] (o] o o] o o o o] o]

<]
5 PUNCH BRUSHES 1 20+
©o 0 0 06 0 0o o o 0 0 0o 0O o o0 0 0 o0 o o0 o
25 30 s 40
©o 0o 0 0o 0 0o 0 o 0 0 o o o o0 0o o
'Y 50 55 60
o o o o o o o o o o € 6 A6 46 o
85 70 . 80
o 0o O o o0 o\ ¢ o o o o o7/ 90/ 0//0 o uk
SELECTOR AT 1t

O X O o] o] (o] o) G, [*) o xo0

ONO o [¢} (¢} o Q o O NO

) o] o

o o]

o /BRUSHES —27 R b

5 g o 60 070 o X0
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o o] o] ] [e] [e] o o] (o]

3s 40
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XIT OR M.S. INm———— Fo——-
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________________ IR I
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6.4.1

ot

EAI Data Plotter Operating Instructions ‘

An IBM 523 Summary Punch is used to read the punched cards
for input to the plotter. Board wiring diagrams are included for

each of the two possible graphs (cf. Fig. 6.4 and Fig. 6.5).

The residuals which may be plotted are data time versus
data revolution and vector magnitude versus data revolution.
Coordinates and.pen commands for both graphs appear on the same

data cards.

Note that it is possible to plot both graphs on the same piece
of graph paper by reading the data cards through the 523 Summary
Punch twice. This is accomplished by reading all of the punched
cards for the first graph. The axes and visible information as well
as the points on the graph will be plotted. If part six (6) of the data
deck is reread, the second set of the residuals may be plotted on

the same graph paper. ('

The plotter pen color and 523 board must be changed before
rereading the data cards. Two separate graphs may be produced
by reading all punched cards twice and changing the graph paper
and 523 board.

For the proper plotting of all data, the origin on the graph
paper should be five (5) centimeters right and nine (9) centimeters

up from the bottom left corner of the graph paper.

Graph scaling is as follows. The revolution number from
epoch is the x-axis for both graphs. The epoch revolution number
lies at x = 0. Each centimeter represents 20 revolutions, so that
the possible values for plotting lie in the range of -100 and + 400
revolutions. Vector magnitudeﬁ in kilometers is the y-axis for
one graph. Each centimeter represents 500 kilometers and the

possible range of values is 0 to 4500 kilometers. Delta time in ()
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minutes is the y-axis for the other graph. Each centimeter

represents five (5) minutes and the possible range of values is

-45 to +45 minutes.

Processing

The program reduces observations against element sets to

obtain time and vector magnitude residuals which may be plotted

against the revolution number,

processed, one at a time.

Up to 100 observations may be

The association status is checked to

determine whether the observation is an angles observation only

or a radar observation.

Association Observation Association Will RESPLT
Status Kind Category Accept?
1 Radar Associated Yes
2 Radar Doubtful Yes
3 Radar Unassociated Yes
4 Angles Only Associated Yes
5 Angles Only Doubtful Yes
6 Angles Only Unassociated Yes
7 Range Rate Associated No
8 Range Rate Unassociated No
9 Radar Special Unassoc. Yes
Oor A No

Fig. 6.6

The proper year constants are obtained and time of epoch is

converted to days since 1950. The observation counter ‘s increased

by one and the association indicator, observation number, and
sensor number from the observation are stored for output. The
sidereal time at the time of epoch is computed. The semi-latus
rectum and the components of the unit vector perpendicular to the

orbit plane are found to compute the inclination, the right ‘ascension
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of the ascending node, the eccentricity, and the semi-major

axis at epoch,

The mean argument of latitude, the mean angular motion, a
drag coefficient, and the, perifocal distance are computed. The
time since epoch, the sidereal time at the station, and the x, y
components of the station vector are found. The subroutine
XYZSB is used to compute the predicted position and velocity plus

intermediate quantities.

Observation type (OTYPE) will be referred to in subsequent

paragraphs as illustrated in Fig. 6.7

Observation
OTYPE Kind Quantities From Obs. Card

Angles Only | Azimuth-Elevation
Radar Azimuth-Elevation, Range {

-

'Radar Azimuth-Elevation, Range, Range Rate

Radar Azimuth-Elevation, Range Rate

N b W NN -

Angles Only | Right Ascension-Declination

Fig. 6.7

If the observation is an angles only observation, the range is
computed. If OTYPE =1, the predicted azimuth and elevation are
found. If OTYPE = 5, the predicted right ascension and declination

are found.

If the observation is a radar observation, the predicted range
is computed. The predicted azimuth and elevation are computed.

If OTYPE = 3 or 4, the predicted range rate is computed.

For all observations, the residuals are computed to find the
vector magnitude. Unless 100 observations have been processed, ‘\)

the program returns for the next observation.

1-6-8
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When all of the observations have been processed for a
single satellite the program generates data for punched card out-
put for the plotter. The punched cards contain all necessary
plotter control functions. Punched cards are generated to plot the
axes, visual satellite, element, epoch revolution, and epoch day
numbers. These cards are followed by the data cards. The pro-

gram then returns to process the next group of observations.
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Figure 6.8
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‘ 6.6 Formulation

=0+t (rotation cf earth) deg/solar day

eG day
2. Compute semi-latus rectum.

P =h 2+h 2+h 2
o X0 . yo zo

3. Compute x, y, z components of W (unit vector L orbit plane).

W /B

X0 -

wyo B hyo/ Py

w (o] - hZO/Afp—O

Z
4. Compute inclination.

i

-1
i= tan <1-W 2 1w )
zZ0 Zz0

5. Compute right ascension of ascending node at epoch.

w/2 if Wzo = 0, otherwise;

Q = tan” [(wxo/sm iy / (-Wyo/sini):|

Compute eccentricity and semi-major axis at epoch.

_ 2 2
eo = axNo + aYNo

2
a_ = po/l -e,

7. Compute mean argument of latitude and mean angular motion

o~

at epoch.
U =1, -Q if W positive, otherwiseu =L +§
o o o Z0 o o o
n =k /a Y2
o e’ o
8. Compute a drag coefficient, perifocal distance, and KeLso'
: 2 2
ctt=-c (0 3604
q, =2, (1 -e)

2

K Ja
e e 2 27 2, . 2, 3 2 .
KeLso = p7/2 [i3-5eo -(4-Teo)sm1-(1-2eo)/cos1/:]
o

9. Compute time since epoch and sidereal time at station.

. T = (tobs - to) 1440 + time of day in minutes since midnight.

= A .
98 OG + N +.0043752691 T
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10.

Compute observed position from the observation, ..
X = cos 8 X/cos 6 ‘,’
= s — 8
Y =sin6_ X/cos ©
= s — ]

Use subroutine XYZSB to compute predicted position, I, and

velocity, r, plus intermediate quantities.

If angles only observations, .go to 17.

Equations 11-16 for radar observations.

11.

12.

14,

15,

Compute x, y, z components obs. unit vector from observer to

obj. with respect to horizon.

L = - cosAz cosh
xh

L = sinAz cosh
vh

Lzh = sinh

Compute x, y, z components S (unit vector from observer to

south). (

SX = sin ¢ cos Os
Sy = sin ¢ sin 95
Sz = -cos ¢

Compute x, y, z components Z (unit vector from observer to
zenith).
Z =cos $cos B
X s
Z =cos ¢sin®b
Yy s
Z =sgin¢

Z
Compute x, y, z components E (unit vector from obs. to east).

@

E =-sinb
s

E =cos®
s

E =0 o
Compute Eo (obs.unit vector from obs. to object). ‘

L=L_ S+L,E+L_ Z

- xh— yh h
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16. Compute ob. r, vector directed to object, and .
r=pL-R
1/ 2 2 2
r=yx +y +z
- lsin (Liw- w
B = |sm (r (R _VX))
Go to 30.

Equations 17-29 for angles only observations.

17.

18.

19.

-1 L h
' Azc = tan (—X—)

20.

21.

Compute x, y, z components of range vector p.

p=r+R

_ 2, 2, 2
P =\[Px TPy tP,

If Az-El type observation, go to 18,

If RA-Dec type observation, go to 20.
Compute predicted eleveotion.

P, COS es sin ¢ + p, sin 6s sin ¢ - p, cO8 ¢

I"xh = p
L --px sines+ pY coses

yh P

p, cos es cos ¢ +pz sin es cos ¢ + p, sin ¢

L =

zh p

L
hc =tan-l(—~—z—h— )
1-1 2

zh

Compute predicted azimuth.

i I"xh

Go to 22.

Compute predicted right ascension.

L=2¢/p

-1 L
ac=ta.n (Ll>
x

Compute predicted declination.
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L

5, = tan“1 (——E—— ) ‘,’

1-1L 2
zZ

Go to 27.

22. Compute x, y, z components obs. unitvector from observer to

objec;t with respect to horizon.

L = cosd cosa

xh
Lyh = cos§ sina .
Lzh = sin §

23-26. Same as equations 12-15. Go to 28.

27. Compute x, y, z components 'I:o.

L =cosdcosa
X
L =cos b sina
y
L = siné
z
28. Compute observation range. ‘

p= (X*W_ + YW +2Z2W )/(L -W_+L -W_+L -W )
X0 yo zo X X0 y yo z  z0
29. Compute predicted range.

oz, oz, 2
Pe M Px T Py TP,

30. Compute Au, change in mean argument of latitude,

-1 U
Au = tan (ﬁ)

—-x —_—

31. Compute At.
, 2
At ={AaR")/(K_~NP)

If angles only observation, go to 36.
32. Same as equation 17.
33-34. Same as equations 18-19.
35. If Az-El, Range Rate Obs. (OTYPE = 4), compute predicted

range rate.

151
H

1<l
D

1l
]
Il

D .
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Symbol
ALPHA

ASTAT
AXNO
AYNO
BLEXP

CAPZ
CFl1

Z=0

P, =L (p+R)

36, Compute range residual,

Ar=p-pc

37. If Az-El type observation, (OTYPE # 5).

Ah=h-h, Aa-= 'Az—Az‘
[ C

If RA-Dec type observation, (OTYPE = 5).

Ah= 6- 6, Aa:lo,-a‘ l

c c

38, If Ah> 7, Ah=2w-Ah
IfAa>1, Aa=27w-Aa

If angles only observation, go to 40.

39. Compute vector magnitude.

v =\[Ar2+(pAh)2+(pAa cosh)2

mag

Go to 4l.

40. V =\/?’30Ah)2 + (pc Aa cosh)2

mag

41. Compute revolution and delta revolution number.

7= B
1\‘_No-}' 2T
tn

AN:E

Process next observation.

File Definitions

Meaning

Azimuth in radians or right ascension
R = association indicator =1 - 9 (BCD)

axN

yN
Expiration of bulletin, in days since
1950, 0

a

Z, in earth radii

If other than A or 0, indicates that
RODOT contains max. freq. shift in
cyc/sec. &

1-6-15

File

mm O O

«

Core Image
48 bit fit. pt. number

OO0OO0OO0O0O0OO0OO0OR
48 bit floating point
48 bit floating point

48 bit floating point
Floating point

O00O00O0O0OCF
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cO c, in days/rev.2 E 48 bit floating point ‘2
CTYPE Coordinate type for LA S O0O0O0OO0OO0OO0O@
DAYNO Day number (relative to 1950. 0) O 48 bit flt. pt. number
DELTA  Elevation in radians, or declination ) 48 bit flt. pt. number
ELNO Element set no. (binary) E Binary integer
EFOCH To days since 1950 E 48 bit floating point
EQTYP CL=class. T =type of equipment O] CLAAAAATT
HXO hxo E 48 bit floating point
HYO hyo E 48 bit floating point
HZO hzo E 48 bit floating point
ISTOP Inclination correction indicator E O0O0000O01
MSGNO 5 character message number "0 AAAMMMMM
OALT H, in earth radii S Floating point
OBRITE Brightness in apparent magnitudes O ‘Same as tape record
OBSNO Observation nurmnber @) AAAXXXXX ‘
OTYPE Observation type O O00O00O0O0 OoT

0 = range rate only

1 = azimuth and elevation

2 = azimuth, elevation, range

3 = azimuth, elevation, range,

range rate-

5 = right ascension and declination
PHANG Cp phase angle coeff. in degrees E Floating point
PHIRD ¢ in radians S Floating point
RANGE Slant range in earth radii 0o 48 bit flt. pt. number
REVF Final revolution number E Floating point
REVI‘ .. Epoch rev, no. or initial rev. no. E Floating point
RODOT Range rate in earth radii/kemin 0o 48 bit flt. pt. number
SATN Satellite number (BCD) E AAAAABBB
SATNM  Satellite name E NNNNNNNN
SATNM?2 .Satellite name E NNAAAAAA
SATNO  Satellite number o assassss @
SATOB Number of observations E 48 bit floating point |

1- 6-16
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RESPLT

SATRM
STAID

STBRT
STGAR
STNM
STNM2
STYPE
TOY
UTIME
XLAMBA
XLO
XOVCT

Rms in kilometers

Station number

Station number

Standard brightness

F -sign bit on-classified
Sensor code

Sensor name (BCD)

Sensor type

Year of T0 - 1 BCD character
Time of day (min. since midnight)
\ radians east

Lo radians

X/cos 6 earth radii

1- 6-17
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48 bit floating point
AAAAANNN
AAAAABBB
Floating .point

F @AH p
NNNNNNNN
NNNNNNNN
OO0OO0OO0O0OAAA
OO0OO0O0OO0O0 Toy
48 bit flt. pt. number
Floating point

48 bit floating point
Floating point
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KEY:

OBSGET

START ‘
|

L RESPLT

Initialize
Counters

'

Initialize
Qutput
Routine

08SLOD

100 Obs.
Processed 7

OBSGET

Prepare Obs. for Outéut :
08SLOD ) Initialize to Retrieve 1st Ob.
Test for Sensor ' in OBLOC
Availability
Test Availability of Initialize to Retrieve 1st Elem.
Processed Obs. Set in EBLOC ‘)/

Retrieve Next Ob.
from OBLOC

1-6-18
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Sensor
avell. ?

NOSENS

Clear
Sensor
No.

Eiem Set
Currently

\\ Avail.? /

Yes

Untagged
ob. ?

Untogged
ob ?

Yes Yos

Use
Current

Eiem. Set

Required
Elem. Set
Avail, ?

KEY

Return to Retrieve Next Ob. Prepare Obs. for Output
Check Association Status of Ob.

Retrieve Required Elem. Set
from EBLOC
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Sensor
Doto
Avoil, ?

Set
Indicator
for Rodar

(D
) indicator

for Visuol

Al

Obtaoin Yeor
Constonts

!

Convert
to Days
Since 1950

‘KEY}

Retrﬂieve Next Ob. from OBLOC !
Continue Computations

1-6-20
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Increcse
Ob.
Counter °

'

Store Ob.
Dato for
Qutput

v

Compute
i 6y ot
Time of Epoch

'

Compute
Py W, i

l PREL4
. Compute
""o"o"’o

hRELll

Compute
‘ Ugangee”

L PREL13

‘ Compute
9% Kol so»
0 T

KEY:

Compute x, y, z Coordinates

‘1-6-21
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Compute
XY
Radar Ob.?
VISUL
0b. to Obs. to
Xy2 Obs. Vector
OBVEC 0BCOM
Predicted
Range
0B VEC
" |
4 R3

Compute
Ay At

DELTAU

Rador Ob 7
Compute
Predicted Ob,
0BCOM
KEY;

Compute and Store Residuals

Compute Predicted Position and
Velocity (xr2 =30)

1-6-22
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RESPLT

. Compute
Vmog'.w'or

Rador Ob.

A6

Compute
Residuols

Ar, Ah,aQ

Radar Ob.7

~ Compute
Vmag. for

Angles Oniy

KEY:

@ Return to Process Next Ob. in OBLOC

T

Compute
N,AN

1-6-23
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i

(

c7
Obs. 10 be
Plotted ?
EPILG
Empty
Output
Buffers
Output
Output Plotter
Plotter St
Stop op
Command Command
Output .
Axis ExIT
Generator

Convert (\"
Rev.,To, .

Elem. No.
TOBCD

v

Qutput

Sat. No.
Generotor

CPLOT

v

Output
Elem.No.
Generator

CPLOT

KEY:
Continue Plot Header Generation

868) Begin Ob. Sort by Rev. No.

O
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Output
Rev. No.
Generator

CPLOT

y

Output
Epoch Time
Generotor
CPLOT

¥

Output
Pen Up
Command

Commond

Output
Printed
Header

Set Up
Sort
Table

‘ CSORT

Sort Obs.
by Rev.
No.

KEY:

Retrieve Ob. Data from Array Storage

1-6-25
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NXTLP

Retrieve
Dota from

Arrays

l WRIT

OQutput:
Print and
Punch

Processed ?

Reset
Ob. Countar

KEY: :
Return to Process Next Observation

@ Empty Output Buffers and Exit to Exec.

(;

A

-
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7.2

PREPINT, Satellite Situation Report From Nodal Elements
Function

The purpose of PREPINT is to supply the sub-satellite point
and related data of all satellites at specified times. The longitude
and time at the last ascending node are also computed for each

satellite.

A maximum of 500 satellites may be included in each report.
However, positions will be computed only for those satellites in-
cluded in the request deck (See 7.3). If any comments (such as
"IN HELIOCENTRIC ORBIT'"} appear on the request card of a
satellite, these comments are printed out and the program does

not attempt to determine the sub-satellite point.

During one run of PREPINT, as many as 10 reports may be
produced, one report for each time card (See 7. 3). If a report time
is 1200 hours, the output heading will be WEEKLY SATELLITE
SITUATION REPORT. A daily report is issued at all other times

but both types of report are identical other than heading.

Input

The input to PREPINT is arranged as follows: 1) request
cards (< 500); 2) request deck terminator; 3) time cards (< 10);
4) time deck terminator; 5) standard 6 or 7 card element sets;

and 6) element deck terminator.
(1) The request cards contain the following information:

Cols. 1-3 Satellite number

" Col. 7 Comment indicator = 0 or A, no comments;

= 1, read comments from cols., 21 = 62.

1-7-1
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¢

Cols. 9-20 Satellite name

Cols. 21-62 Comments to be printed on report if Col.7
contains a "1'" punch. (A maximum of 50
satellites may have comments. )

All other columns on this card are not used.

(2) The request deck is terminated by a card with a "' 2"
punch in Col. 7
{(3) The time cards contain the times at which reports are
desired. They are punched as follows:
Cols. 1-4 Year
Cols. 6-7 Month numbér
Col. 8 Blank
Cols. 9-10 Day of month
Cols. 11-17 Hours and minutes (HHMM- MM)

AY

Col. 20 Output unit indicator = 0, output in statute mil !

it

1, output in kilometers

All other columns are not used.

(4) The time deck is terminated by a card with a " 7' punch
in Col. 8, |

{5) Both standard 6 card element sets and standard 7 card
element sets may be included in the element deck.

(6) A blank card is used as an end of input indicator.

The ordering of the satellites on the output is determined by
the order of the request deck, not by the element set order. More
than 500 sets of elements may be read in since the program stores

only the elements for satellites in the request deck.

7.4 Output

The heading of each satellite situation report contains the

date and time for the information following it. One line of data is
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printed for each satellite. If comments were read from the request
card, these comments are printed out beside the sateilite number.
Otherwise, the following information is printed out for each satellite:

1) Identifying information: satellite name and number, and
element set number.

2) Sub-satellite point at report time: latitude and longitude
west, in degrees.

3) Inclination, i, in degrees and nodal period, PN' in
minutes.

4) Distances to apogee and perigee in statute miles or

kilometers, depending on Col. 20 of the time card.

5) Revolution number at report time and T, Q_ ., and A

N N N

for this revolution.
6) Eccentricity, e, satellite height in statute miles or

kilometers.

7) Satellite latitude and longitude west in tenths of a degree.

The sentinels required by the TELTYP Program are supplied
to enable transmission of the above output including all information

from 1) to 4).

Processing

The entire input deck is read in and the data stored in arrays
before any computations are made. First, a maximum of 500
request cards are read in. The satellite identification and comments,
if any, fro‘m the request deck are saved. Next, tre report times
and output options are read from the time cards and stored. Finally,
the element deck is read in and the elements for all satellites in
the request deck axe stored. For all element sets which are out
of order, the satellite and card numbers are printed out via the
flexowriter with an appropriate message. After the element deck

terminator is read in, a check is made to see if there were any
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element sets out of order. If there were cards out of order, the {
program returns control to the executive program. Otherwise,

computations for the first report are started.

After retrieving the first report time from the time array,
the teletype sentinels and report headings are written on the output
tape. Next, the first satellite number is retrieved from the
request deck array. If comments appeared on the request card for
this satellite, they are written on the output tape and the next
satellite number is picked up from the request deck array. For
satellites having no comments, the elements are retrieved from
the element array for computation of the sub-satellite point at
report time. First, the revolution number at report time is com-
puted and all elements are updated to the time of the ascending node
for this revolution. If the satellite has decayed prior to report
time, an appropriate message is written on the output tape and the -
next satellite number is retrieved from the request deck array. (\‘
However, if the satellite is still in orbit, the sub-satellite point
at report time and other data for output are computed. The output
is converted to the proper units and written on the output tape. The
next satellite number is retrieved from the request deck array and
the computations continue until all requested satellites have been

processed.

The next report time is retrieved from the time array and the
same procedure followed until reports have been completed for all
requested times. The program then returns control to the executive

program.

Error Messages

1. SATELLITE CARD _  OUT OF ORDER

Program continues reading entire element deck and (}i
writes this message for every card out of order. After all elements

have been read in, program exits to executive routine.

1-7-4
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2. SUBROUTINE ERROR EXIT FROM OCTAL __
Subroutine or irrecoverable input-output error. Program
exits to executive routine if the GO option is taken. If the STOP
option is specified, the message is retyped. A dump should be

taken if possible.

1-7-5
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7.6 Formulation
‘ PNo
L. P, = ——
o 1- wPNQ
21
P,, 2/3
2. 2, = ( —o5gH72997 )
3. qo = ay (1 - eo)
4 At = PN AN+ C, AN®+d. AN
* N - No [o] (e}
2
5. Py = Py, +2C, AN+ 3d, AN
6. Cy = Cot 3dAN
7. iy = Gt 9 AN
K 1 .e 2
8. qN = qo+qNAtN+TqOAtN
9. oy = Gyt GoAtyt o 8y oty o<oy<2n @
0. Ry = Qo+ R otgt o5 G, Aty 0 < Qy< 2l
11 P, _ PN
N = TP
] - NN
21
2/3
Pan /
12. ay = )
. 058672947
q
13. e = 1- %
N an
. (. 086917) (a2 (5 cos?i-1)
14. Wy = )
1l -
( °N )
5 oo - ' (-.17383) (ap)” "/ 2 (cos 1)
. N -
- 2)2
N
16. qn = an(1l- eN)

¢
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17,

18.

19

.

20,

21,

22.

23.

24.

25,

26.

217.

28.

29,

30.

31,

32.

33.

34.

_ -1 —1’ l- eN “N
EN = -2tan = ( TFey tan 5 )

My = EN-eN sin En
2l - At
M(t) = My + —=—2t
N Py
Solve for E(t) : M(t) = E(t:)--eN sin E(t)
- -1 lte E(t)
v = 2 tan ( —T‘_QN.N-_ tan T_ )
. 1 .. 2
B o= viogtey Attt _Z‘“’NAt
! N AP .
¢ = sin " (sin i sin p)
-1 tan ¢’
¢ = @n (55355583
R . 9966443
o =
1/ 1--00670015 - cosZ¢
- 2y (1-en®
(i-f—eN)‘COSV
H=1r-R
(e}
B = sin-l ( cosi )
- cos ¢’
., /
A)\/ = sin-1 (M—)
tan i

1

/ b .o 2
AN = A X+ At(QN-6.3003883)+—2—9NAt

AN =BG -y, 0< A <360
Ng = Ay~ A\, 0< X <360

Apogee = (ZaN Ay - 1) * K where K is km/ e. r. or sm/ e.r.
conversion factor

Perigee = (qN -1y K

| 2
(107.08829) (1+ ey cos g inp- (6. 3003883 cosdan(l - eN
VaN(l-elgz 1+ en cos v

Course = tan_
(107. 08829) (1 + eNncos V)

v an(l- en?)

1-7-7
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7.

7

Glossary

Location

AA

AAl
ANGL
ANGLE
ANOMA
APOGEE
AXIS
AZIB

BB
BBl

CA

CC

ccl
CHECK
COURSE

D

DA
DAE
DAP
DAYE
DAY
DAYN
DAYP
DD
DDl
DELLOT

DELONG

DELTAT

DELTTN

Symbol

sin cb'

AN
At

AtN

(

Meaning

Comment from request card

Array for storage of comments AA
Array for storage of inclination angles (i)
Inclination angle

Anomalistic period in days

Apogee distance

Semi-major axis

Angle B, see diagram

Comment from request card

Array for storage of comments BB

Rate of change of period in days/rev. 2
Array for storage of c terms
Comment from request card
Array for storage of comments CC ‘? '
Sine of geocentric latitude of subsatellite point

Course in radians

First derivative of ¢ in days/rev.3
Array for storage of d terms
Array for storage of epoch times (t,)
Array for storage of decay times (t})
Time of epoch in days of year

Day of month of report

Number of whole days in ty

Epoch time of decay equation
Comment from request card

Array for storage of comments DD

Delta longitude of node excluding precession
of node for this revolution

Difference in longitude from node to
subsatellite point

Time from ascending node of updated ‘3\
revolution to report time (tg gporT = tN)

Time elapsed from epoch tolast ascending
node prior to report time (tyy - to)

1-7-8
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DEPOCH
DTIM

DTIME

E
El

EE
EEl
EN
EPOK

EPOKR

ERAD

ES
FEPOCH
FF

FF1
FRACT
FTIM
FTIME
FORDC
FORDE

FORDP

GEGL _
GEOCL
GEOGL
GG
GGl

H
HLS
HT

E(t)

Time of epoch in Smithsonian days

Array for storage of report times in
Smithsonian days

Report time in Smithsonian days

Eccentricity

Array for storage of eccentricity
values (e)

Comment from request card
Array for storage of comments EE
Eccentric anomaly at the node

Array for storage of epoch revolution
numbers (Ng)

Epoch revolution number

e

l1t+te

Eccentric anomaly at time of report
Time of epoch in fractional part of day
Comment from request card

Array for storage of comments FF

In fractional part of tN
Array of fractional days of report times
Fractional part of day of report

Nodal c term from 7 card element set

Column 80 of element cards (E in col. 80
indicates 7 card element set)

Nodal period from 7 card element set

Latitude of the subsatellite point in degrees
Geocentric latitude of-subsatellite point
Geodetic latitude of subsatellite point
Comment from request card

Array for storage of comments GG

Longitude of the node
Longitude of the subsatellite point
Height of satellite above earth
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1D Element card number ‘j
IELNO Element number
ILN Array for storage of element numbers
IT Number of times at which reports are tobe
issued
KAZ Day for which report is issued
KIL Array for storage of outpiit options
KILO Output option (km or sm) for report
KiLox Output option {2 3 SUPSE in statate miles
MAGIN Input tape number
MAGOUT Output tape number
MESS "Out of Order'' message for flexowriter
MO Month number of report
N Number of satellites requested for report
N1 Array of comment indicators :?pn:izftofgr?lil:its
for this satellite (
NAT Satellite number
NATNO Array for storage of satellite numbers
NEOGL Latitude of subsatellite point in degrees
NLS Longitude of subsatellite point in degrees
NN Number of satellites having comments on
request card = 0 no comments on card
NO Request card switch! =1 store comments from
card
=2 end of request deck
NREV N Revolution number at time of report
NRSC Number of element sets which are out of
order
NYEAR Year of report
NZIB {Course in degrees
PEDOT irray for storage of @ values
PERDOT ® First derivative of argument of perigee
PERI Array for storage of w values
PERIG w Argument of perigee O
PERGEE Perigee distance
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PERIOD
PNOD
PNODL
PRDDO
PRDDOT

Q

QA
QDDO
QDDOT
QDO
QDOT

R
RADDO
RADDOT

RADOT
RASDOT

RAX
RIGHT
RITAS
RITASC
RJ

RO
SNAMEI}
SNAME2

SNAME A
SNAME B

SOLMN
SOLMS
SUBLN

TIM
TIME
TME
TIZ
TN

Nodal period in minutes

Array for storage of nodal periods (PNO)
Nodal period in days/rev.

Array for storage of 1/2 &

One half 2nd derivative of argument of perigee

Perigee distance in earth radii

Array for storage of q values

Array for storage of 1/2 ¢ values
Second derivative of argument of perigee
Array for storage of q values

First derivative of argument of perigee

Revolutions since epoch
Array for storage of 1/2 Q values

One half 2nd derivative of right ascension of
the ascending node

Array for storage of &

First derivative of right ascension of the
ascending node

57.2957795 (deg/rad)

Right ascension of ascending node in degrees
Array for storage of §I values

Right ascension of the ascending node
Distance from center of earth to satellite

Radius of earth at subsatellite point

Satellite name

Arrays for storage of satellite names

Mean anomaly at the néde
Mean anomaly at time of report ‘

Longitude of the node in degrees

Time of report in hours and minutes
Arrayof times atwhich reports are tobe issued
Time of report in hours and minutes

Year of report

Time of nodal crossing for revolution
number of report
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U

VEK

YCONS
YCONST

YEAE
YEARE
YEARP
YEAP
YEAR
YR

ZATE
ZETE

Argument of latitude of satellite at
time of report

True anamaly at time of report

Array for storage of g, values

Sidereal time at Greenwich at beginning
of year of report

Array for storage of epoch years

Year of epoch

Year of epoch of decay equation

Array for storage of epoch years of decay
Year of report

Last digit of year of report

Satellite name

1-7-12
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Illustration of Angle B

Fig., 7.1
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PREPINT
START ‘ )
Initialize
Counters
ond Switches
Reod
Request
Card
End of Yes
Request Dock? .
Yes Output No Read One
Comments | Time Cord
Store Store o
Comments O"S:Q.Ng:‘.. ‘ 1
In Arrays in Arrays
Store
Requested
Times in
Arrays
More Time
Cards 7
KEY:

YRMOY | Computes Smithsonian Day
Given Month Number, Day,
and Year ‘\

Retrieve 6,
Given Last Digit of Year

Read Element Cards
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o

Read
Element
Cord

End of
Elements 7

Yes

Sot. No.

in Request
List ? Error Msg: Retrieve
i UBROUTINE Time from
ERROR | Arroys
Store *
Elements
in Ar
in Arrays EXIT .
Reod Next
Element
Card
Element
No(  cordsin Yos
\. Sequence ”/
y Yy
Write Msg: Store
ouT OF Elements
ORDER in Arrays

Update @
Out Of Order

Counter

KEY:
9 Converts Smithsonian Day
to Year, Month, Day
Finishes Element Read

Prints Heading for Output

é
®E
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Read
Seventh
Card
Write
Teletype
Sentinel
Daily
Report ?
Write Write
Daily Weekly
Report Report
Heading Heading
KEY:

: Read Element Card No. 1
Read Element Cards No. 2-6

(49

Retrieve First Set of Elements
for Computations

1-7-16
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i

Write
General
Output

Heodings

'

Pick Up

First Sot.

No. from
Request List

Write
Comments

KEY:

Comments
for This
Sot. ?

Retrisve

Sat. Elems.
from Arrays

Compute
Pa,0,q

. |

Compute Position for This Satellite

Check to See if All Satellites Have

Been Processed
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(
(s2)

Compute
At, AN,
Aty

Can
Position Be
Determined

Write Msg: Update

POSITION Elements To
INDETERM!- Time of

NATE Report

@ Compute

En-"n ’M(t)!
Et),v,u, 2P

¢ ¢
Compute
Rova Hl AA) A‘

A Course

:

Convert
OQutput to
Proper

Units

y

Write
Position
Data for

Sot.

(+9)

KEY: ,
@ Check to See if All Satellites
Have Been Processed

¢

1-17-18
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’ More

Pick Up
Next Sot. No/ Reports to be \Yes
from tssued 7
Req. List ’
Q Write
Telotype
Eng
Sentinel
EXIT

KEY:

Start Processing Next Satellite

@ Retrieve Time for Next Report
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MAKETAPE

8.2

MAKETAPE, Make Input Tape for TELTYP

Function

The program MAKETAPE produces a magnetic output
tape incorporating the message sentinels required by the TELTYP
program. Only one message is produced by the program. An
optional control feature will produce the message broken into

90-line segments.

Input
Input data originates from the Schedule Tape. This input is
moved by the system from the Schedule Tape to the System Data
Tape (logical 0).
Two control cards are used in addition to the data cards
containing the message to be converted. The following should

be in cols. 17-24:

1. TELEFORM
2. FINDATA

Description of Control Cards

1. TELEFORM
This card, if present, will precede the data deck. When
encountered, it will signal the program to break the message into

90-line segments.
2. FINDATA

This must be the last card of the data deck. The program

exits to the executive program when this card is intercepted.

Output

The output tape (logical 11) created by this program is in a
form acceptable for subsequent conversion by the TELTYP program.
A hard copy of the message with its sentinels may be obtained by
printing through the UBC using data select one. For a discussion
of the sentinels used, the writeup of the TELTYP program should

be consulted.
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Processing
MAKETAPE reads data into core from logical tape zero.

Each card image is scanned for the control information described
under the input section, If TELEFORM is found, an internal
switch is set to cause line counting. If the program is in the line
counting mode, each group of 90 lines will be preceded by the be-
gin sentinel and followed by the end sentinel required by the
TELTYP program.

All data read into core will be written onto the output tape,
with the exception of right-adjusted blank fields. The program
will exit to the executive routine when the FINDATA control card
is intercepted.

It is generally expected that the TELTYP program will be
used immediately following this program or, at least, before

logical tape eleven is wrapped up by the system.
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MAKETAPE

KEY:

Write Msg.
ouTPUT
TAPE
READY

'

Write End
of Message
Sentinel on
OutputTape

EXIT

End of

START

200

Write Begin
Teletype
Sentinel on
Output Tape

§

Fill tnput
Buffer From
Input Tape

Output ?

Line Count

Request
Signal ?

TELEFORM,

Set Line
Count
Switch

-
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s the Right
Most Fleld
Blonk ?

4
Write
osn“.b'F"“' Remaining
i om " Flalds on
Field Counter Output Tape

is Line
Yes /count Switeh )NO

Add One
to Line
Countar

- 501

Write End
of Message
Sentinel on
Output Tope

802

Initlalize
Line Count

KEY:
Writes Begin Sentinel for Teletype Message

Reads Next Input Card
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9.1
9.2

9‘3

XYZLAR, Look Angle Report From x,y, z, Coordinates

Function

The program is used for predicting the position of a satellite
in terms of the tracking coordinates of a particular station. The
program is especially useful for deep space probes.

The position of the satellite is defined in terms of the right
ascension, declination, azimuth, elevation, and slant range at the
prediction time, for a particular station. The elevation and illumin-
ation angles of the sun are also computed to determine if the satellite
is visible.

Input options exist to consider the restrictions imposed by the
type of observing equipment used. No data will appear for a re-
quested prediction time unless these limitations have been met.

The ephemeris data, used in the calculations of the look angles,
may be read from an ephemeris tape previously written by either
the Unified Encke Differential Correction Program (accuracy,
approximately ten lunar distances), or by the Interplanetary Program.
If the ephemeris tapes are not available, the data may be read in
from punched cards. Predictions for more than one station may be

based on the same ephemeris data.

Input

An input set consists of a standard station card for the observ-
ing station, a request card, and the ephemeris information from an
ephemeris tape or pﬁnched cards containing the ephemeris data
followed by a blank card. Each input set results in a look angle
schedule for the station specified. If look angle schedules are required
for the same satellite but different observing stations, additional
pairs of cards, composed of a station card and a request card, may
be added to the input deck. If new ephemeris data is to be entered
from punched cards, the station card of the next input set must con-
tain a negative station number. Any number of input sets may be
entered. The last set must be followed by a-blank card which is in

addition to the blank card following the ephemeris data cards.
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The format of the request card follows: columns 1 to 4 contain
the year of the desired predictions; columns 5 to 7 contain the day (:
of year; columns 8 and 9 contain the hour; columns 10 and 1l con~
tain the minutes; columns 12 to 17 contain the base, or starting time,
for the desired predictions.

The time increment used is determined by the ephemeris
data. Columns 25 to 34 contain the maximum time increment or the time
range for predictions. This time is expressed in minutes from the
base time of the request. Any ephemeris data beyond this time range
will be ignored. If columns 25 to 34 are blank, the program will cal-
culate predictions for all ephemeris data supplied. Program option
switches are specified in columns 44 to 47. A 1 punch in the
respective column will set an internal switch. A 1 punch in column
44 indicates that the ephemeris data will come from the ephemeris
tape for this set of input. If column 44 is blank the program expects
ephemeris data from ephemeris cards. A 1 punch in column 45
indicates that only visible passes are desired. If al is punched in
column 46, negative elevations will be acceptable. A 1 is punched in ‘

column 47 if punched ephemeris cards are desired as output.

9.3.1 Ephemeris Cards

The ephemeris cards contain the time increment from the base
time specified on the request card and the inertial geocentric coord-
inates of the satellite. All data is in floating point. Columns 1 to 14
contain the time increment, columns 15 to 28 contain the x-coordinate,
columns 29 to 42 contain the y-coordinate, and columns 43 to 56 contain the
z-coordinate in earth radii. Ephemeris cards are orderedby increasing
time increment. A satellite identification card with the alphanumeric

satellite name punched in columns 1 to 1 6 must precede the ephemeris cards.

9.3.2 Ephemeris Tape

The ephemeris tape can be obtained from two sources: 1) the
Unified Encke Differential Correction Program and; 2) the Inter-
planetary Program. Both programs were written by Aeronutronic
a division of the Ford Motor Company. In the former case, logical
tape 10 is the desired tape and in the latter, the required tape is .
logical 9. The format for both tapes follows:
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Block 1. Contains the alphanumeric satellite name in
. the first two words.

Block 2 thru N. Contains a time increment from the base
time and x, y, 2z, X, ¥, z in the inertial geo-
centric coordinate system at that particular time.
Each value is contained in one full computer word
and is in the floating point format. Eighteen
groups of these seven values plus two zero words
make up each one hundred and twenty-eight word
block. The tape is considered to be terminated
when the first word of a seven word set is filled
with Z2's.

9.4 Output
If a 1 is punched in column 47 of the XYZLAR request card,
the ephemeris data will be punched on cards in the same format as
the input ephemeris data when the binary ephemeris tape is used
for input. The satellite name appears on the first card.

. Printed output contains all TELTYP control functions, therefore,
transmission of the output is possible. Thefirstline is the alphanumeric
satellitename. The secondline is the comment LOOK ANGLES FOR followed
by the alphanumeric stationname. The third and fourth lines are head-
ing lines describing the output data for each prediction time. Each
data line contains the day of year, hour, minute, and firaction of
minute of the search point, the predicted right ascension, declina-
tion, azimuth, and elevation in degrees and slant range in kilometers.
These quantities define the position of the satellite. The elevation
and illumination angles of the sun complete the data line and deter-

mine if the satellite will be visible at the time of the prediction.

9.5 Processing
XYZLAR predicts the right ascension, declination, azimuth,
and elevation angles for a given satellite as well as the elevation and
illumination angles of the sun at the requested prediction time.
Restrictions on the observing capability of the station, specified on
‘ the request card, are considered. Any restrictions that are not met

will cause computations to cease for that particular prediction time,
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and no printed output will appear. The program will begin pro-
cessing the next ephemeris position. In addition, when and if the (‘
maximum time increment is exceeded, the program will ignore .
the remaining ephemeris data of that input set. The next request
is then processed.
If an input set utilizes ephemeris cards, all of the ephemeris
data is written in binary on logical tape seven before processing
begins. However, an input set may originally include an ephemeris
tape mounted on logical seven and in that case, processing will
begin immediately.
The program adds the specified base time from the Request
card, and the time increment from the ephemeris data to obtain
the time of the search point. The sidereal time at Greenwich at
prediction time and the coordinates of the station in a fixed system
are found in order to compute the slant range. The right ascension
and declination of the satellite, the sidereal time at the station, the
hour angle, zenith distance, and elevation angle are computed for the
prediction time.
If negative elevation angles are acceptable, the program con- ‘;
tinues on to compute the azimuth. If, however, negative elevation
angles are not acceptable, a test is made and if the angle is found
to be negative the program returns to process the next group of
data.
Visibility at prediction time is determined by computing the
elevation and illumination angles of the sun. If the elevation angle
is less than -4 degrees, and the illumination angle is greater than
-4 degrees, then the satellite is visible. If only visible passes are
required, these conditions must be met.
Output quantities at each prediction, or search point, time in-
clude the time, right ascension, declination, azimuth, elevation, and
slant range of the satellite, and the elevation and illumination angles
of the sun.
The program then processes the.next group of data. If the
station number is positive, the program computes another search
ephemeris for the same satellite in the manner stated above, but
for this new station. If the station number is found to be negative ‘\
new ephemeris information is assumed. If the station card is blank,

control is returned to the executive program.
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Punched card output, if specified, is under control of a
PATH switch which eliminates multiple punching of the same
ephemeris data. This switch also controls the production of an
ephemeris tape from a set of ephemeris cards. This switch equals
one (1) for the first time through the program for a particular set
of ephemeris data, and two {2) for each subsequent pass through
the program for this same data. It can be reset to cne by reading
a negative station number. Thus, ephemeris cards are punched
or an ephemeris tape made only on the first pass through the pro-
gram for that particular set of ephemeris data.

9.5.1 Error Message

If the program is unable to read the ephemeris tape, the
comment EPHEMERIS TAPE TROUBLE will be written on the
output tape. In addition, the comment PROGRAM TERMINATED
DUE TO EPHEMERIS TAPE TROUBLE will appear on the Flexo,

and control will return to the executive routine.
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9.6 Formulation ( J
1. ¢ = tan"! (.99329985 tan ¢)
2,1/2 ;
2. R = [.9966443/(1 -. 00670015 cos“ ¢) + H/6378174] 6378.174
3. Compute station coordinates in rotating geocentric system.
Xgtat = R cos \ cos ¢'

Ystat = R sin A cos ¢'
Y
Zgeat = Rsing

4. Convert starting or base time to days and fractional days.
ty; = days + hours /24 + minutes/1440 + secs/86400
5. Find time of computed point.

t. =ttt

L >t t i .
If ty tmax return to process next input set

2, 2 2 :
6. r = x +ty“+tz "
7. 0 = 6ot .98564735tq + 360. 985647 t; 0<0g < 360°
T 8. Compute station coordinates in inertial geocentric system

X = Xggat €08 0 - Vstat Sin O

Y = Xgtat sin 6G t ygtat cos 8G

Z = Zggag
2 —2 —2,1/2
9. p = [(x-®)"+(y-¥) +(2-7) ]‘/
where x, y, and z are geocentric coordinates from the ephemeris
data.
0. cosa= (x-R/[(x-®+ (-2
© e =tan T [y - 9/(x - B)]
If cos a negative, a = a + m. Otherwise, 0< a < 360°
11. siné = (z -2Z)/p
6§ = sin~l (sin 6)
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12.
13.
14.

15.

16.

17.

18.
19.
20.
21,
22.

23.

24.

25.

26.

217.

6sT = 6g+t \

- . 2600
HAS = BST - a 05 HAS < .560
p = cos™! (sin ¢ siné + cos ¢ cos & cos HA)
h = 11'/2 -0

If negative elevations acceptable, go to 16.

If negative elevations not acceptable and h <0: Goto 29,

sin Az = (cos 6 sin HAs/sin <)
cos Az = (-sinbcos¢ + cos §sind cos HAS)/sin g

Az = tan-l (sin Az/cos Az)
If cos Az< 0, Az =Az+ m (0<Az< 3600)

Begin visibility computations.
Lo (t) = Lo +. 98564735 t. + 1. 91665 sin (. 98564735 t; - cyy)

0y = Eo(t) - 2.46682 sin (212 ,(t)

- -1 .
6, = tan”" (. 4336608 sina)

8(t) = g+ A

) | . s
h, = sin [ sind sin  + cos ¢ cos 6, cos (6(t) - ag)]
Coc = tan™! (y /%)
. =1
S-Dgc = sin” (z/r)
£ = cos™? (-cos (SDgc) - cos b, cos(ay - agc) - sin(SDgc)° sin &)

n = sin~1 (1/r)
If only visible passes desired, go to 25. Otherwise, go to 27,

If h, > -4 degrees, pass not visible: Go to 29,

I = £ -1
If I<- 4 degrees, pass not visible: Go to 29 Otherwise Go to 28.

I = § -1
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28.

29,

Output of time, a, §, Az, h,p, h I.

@?

Pick up next group of ephemeris data, Go to 5.
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9.7

Glossary

Location

AA

BB

Cl4

C2PI
CAPR
CAZ
CC

CRA

CRAGC
CX1
CzD
ELEVA
ETA
FMIN
HITE
HSUNJ

IDAY
IDCI
IDCO
IHM

IPUNCHC

ISSW4
ISSW5

ISSW6

Symbol

Xgtat

Ystat

cos Az

Zstat

cos a

cosa .
cos £

cos B

Meaning
x coordinate of station in rotating
geocentric system

y coordinate of station in rotating
geocentric system

Difference between longitude of sun
and argument of perigee of sun

Constant 6. 28318530
Radius of earth at station
Cosine of azimuth angle of satellite

z coordinate of station in rotating
geocentric system

Cosine of right ascension of predicted
sighting

Cosine of Agc

Cosine of §

Cosine of zenith angle

Elevation angle of sat. (predicted)
Intermediate calculation for illumination
Fraction of minute of computed point
Height of station

Elevation of sun

Day of month of computed point
Symbolic name for input tape
Symbolic name for output tape

Hour, min, fractional minute of
computed point

Symbolic tape name for intermediate
punch card tape

1, Ephemeris tape
0, Ephemeris cards

1, Only visual passes desired
0, All passes desired

1, Only positive elevations desired
0, All elevations desired
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ISSW7

Isw

NSTA
OoX
PHI
PHIP

SDEC
SDGC
SH
SHSUNJ
SLRANG
SM

S8

STIME

STNM1, STNMZ
STNM3

TA

TD
TDECS
TF

TH
THETG

THETST
THTGT

HA,

sin Az

sin §

SDgc

sin hg

o(t)

1, punch cards from ephemeris tape ~
0, don't punch cards ‘ !

1, for first pass through program for
a particular set of ephemeris data

2, for each subsequent pass through
program for same ephemeris data

Station number

Longitude of the $un at prediction time
Geodetic latitude of station

Geocentric latitude of station

Constant: 3.14159265

Constant: degrees/radian

Distance of satellite from center of earth
Hour angle of satellite

Sine of azimuth angle of satellite

Day of year of base time from Request
card

Sine of declination

Intermediate calculation

Hour of base time from Request card t
Sine of elevation of sun

Slant range

Minutes of base time from Request card

Seconds and fraction of seconds from
Request card

Base time of predictions

Alphanumeric station name

Time increment frém ephemeris data
t, + t Time of computed point
Prediction time in days

Tangent of declination of sun
Prediction time in fractional days
Hour of prediction time

Sidereal time at Greenwich at
prediction time in degrees

Sidereal time at the station -
Sidereal time at station ‘ )
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TMAX

TPHIP
TRA

XAZ
XBAR

XDECS
XI

XIA

XL
XISUN
XRASUN
XTHETG

XZD

Y

YR
YBAR

ZBAR

ZDEC
ZRA
ZRAGC

max

tan ¢’
tan a

%l

o
[}

g e

[=}
©

™

st

O.gc

Maximum time increment from base
time

Tangent of geocentric latitude of station

Tangent of right ascension of predicted
sighting

Geocentric x coordinate of satellite in
earth radii from ephemeris data

Azimuth angle of satellite

X coordinate of station in inertial
geocentric system

Declination of sun

Intermediate quantity

Illumination angle (sun).

Longitude of station

Celestial longitude of sun at start of year
Right ascension of sun

Sidereal time at Greenwich at prediction
time, in radians

Zenith angle

Inertial geocentric y coordinate of
satellite in earth radii, from ephemeris
data

Y-ear of base time of predictions
y coordinate of station in inertial

geocentric system

Inertial geocentric z coordinate of
satellite in earth radii, from ephemeris
data

z coordinate of station in inertial
geocentric system

Predicted declination of satellite
Right ascension of predicted sighting
Right ascension of satellite
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<«

START

v

Set
Constonts

Reod
Station
Card

New Ephemeris
information
i.s. Negative
Station No.?

Yos

Set PATH
Switch (ISW)
to |

2
Rewind Tranfer
Ephemeris Pﬂf;zhg'u:);ﬁrm
Tope Tape
Cgmputo
@\ R, Xgyar? EXIT
YsmrZsvar
4
Read
Request
Cord

KEY:

Obtain Ephemeris Data
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Ephemeris

O

Converl
Start Time

to Davs

Ephemeris
Tape
Input ?

Yes

PATH
Switch
Equal | 7

Tope
input °

211561
Read Sat.
Name from
Ephemeris
Card

KEY:

Transfer Any Input Cards to Ephereris Tape

’lznwz

Write
Heading

A3
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Yos

11148

Read Sot.

Name from
Ephemeris
Tope

Punch
Ephemeris

Cords 7

Yes

21149

Punch
Sateiiite
Nome
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-

Max|mum
Time Increment
Specified?

Yes No

Set High
Maximum

Increment

]

®

KE

Ephemeris
Tope
Input ?

Yes

 Fill Input

Bufter from
Ephemeris
Tope

LAEPHIB .

End of
Ephemeris
Tape ?

Yes

LAEPHIK

Reset
Countars

Y:
Process Ephemeris Cards

‘ Retrieve Time and Related x,y,z
Obtain Next Input Set
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o
(:9)

Retrieve
Time and

Related
XY, 2

Set Loglical Switch:
omit Fiiling

Ephemeris Input
Buffer ot 55

End of
Butfer ?

Yes

Refill
Ephemeris
Input
Buffer

Are Time
ond XY Z Dato
2ero?

KEY:
Begin Computations for Prediction Time

@ Return to Epkemeris Tape Buffer for Next t, x,y, and z
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Read
Ephemeris
Card

v

Write Binary
Ephemeris
Tape

Yes

N
Biank Card P e

. Set PATH

Switch to .
2

Rewind
Ephemeris
Tope

Read Time

Increment Xy,Zfro
Ephemeris Tape

[©

KEY:

Begin Computations for Requested Prediction Time
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End of

Ephemeris
Tope ?

Yes

prunch TELTYP
° Ephemeris Yes End
Cords ? Sentinel
22831 ‘
PATH No | Set PATH
Switeh . Switch to
Equai i? 2
Punch ss.'| ctquicol
i witch: Fill
So;:l"::o Input Buffer
| o €
T @
Set Up
Time of

Search Point

Max. Time
Exceeded?

Compute Smithsonian Date Smithsonian Day to Gregorian Date

Obtain Next Input Set Continue Computations
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KEY;

® ¢

300

Compute

X, Y, Zh

Negative
Elevation
Desired ?

Elgvation
Negative ?

Yes

Compute
visibllity
variables

Only Visuol
Sightings
Desired ?

Yes

Output Time
a, 8, Az,h,
A nod

~ Obtain Next Group of Ephemeris Data

¢

1-9-18



Wolf Research and Development Corporation POSE

10. 1

10.2

10.3

POSE, Point Search Ephemeris
Function

When a radar picks up an unknown object, one may have
for some reason, the suspicion that it could have been an un-
identified satellite. If this is the case, one likes to search for
it. All orbital elements, however, are completely unknown.
Disregarding the recession of the line of the nodes and the pre-
cession of the line of apsides, which is permissible over one or
two revolutions, once can expect that the object (if it should be
a satellite) will come close to the same point in inertial space
again, one revolution later.

The program computes a search ephemeris for a given

station for this point in space.

InEut

The input consists of: (1) a request card, (2) a standard

observation card, (3) one or more standard station cards and (4) an

option card.

The information contained on the request card is as follows:

Cols. 1-5 T-start in minutes (DDDD.)
the smallest orbital period expected
{(usually 80 mins.)

Cols. 6-8 At in minutes (DD.) - the time increment added
to the orbital period (usually 5 mins. )

Cols. 9-13 T-stop in minutes (DDDD.) - the largest orbital
period expected.

Col. 14 Iout - the output option desired
. ,
0

(explained in output section)

long form

short form

A decimal point should be punched within fields one, two and three.
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10.

C

The option card is used to initiate the read-in of a new
request deck or to terminate the pregram. If a —{ is punched
in cols. 1-4, the program will read in a request card, obser=-
vation card, station card(s) and an option card. If a zero or
blank field is read from the option card the program will be

terminated.

OutEut

The output consists of a look-angle schedule for each
station requested. The long form of output includes the following
data:

a) Station information: latitude, longitude and height

b) Observed time in days, hours, minutes and seconds (GMT)

c) Observed elevation, azimuth and slant range

d) Value of 8 - sidereal time at Greenwich

e) Value of es - sidereal time at the station

f) Distance of station from center of the earth (CAPR) .

g) Geocentric station latitude

h) Station 's Cartesian coordinates where x and y are in the
equatorial plane and x points to the Greenwich meridian.

i} Right ascension and declination of station

j) Cartesian coordinates of station 's position where x and y
are in the ecuatorial plane and x points to the vernal equinox.

k) Cartesian coordinates of the point or satellite where x and y

are in the equatorial plane and x points to the vernal equinox.

In addition to the above the short and long forms of output list the

look-angle information:

a) Time of crossing - day, hour and minutes of Zebra time.
b) Elevation and azimuth angles

¢) Slant range in kilometers

The sentinels required by the TELTYP program will be supplied

to enable transmission of the short form, or 1ook'-ang1e section, of

the output. ‘h
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10.5

10.5.1

Processing

The first request card, observation card and one station
card are read at the start of the program. The x,y, and z
coordinates of the station and the object are then calculated.

These values are written on the output tape if a long form of out-
put is requested.

The assumption made is that the object will appear in the same
place one revolution later. Therefore, the look-angle, or search
ephemeris quantities are calculated for the time t, which is equal
to the observation time plus the smallest orbital period expected.

If the point is visible at the station the quantities are written out on
tape.

The orhital time is then updated by the time increment and
compared to the largest orbital time expected. If this period is
within the limits, the search ephemeris is computed for this new
time. The process continues until the time limits have been ex-
ceeded.

After the search ephemeris has been computed for the largest
orbital period expected the next station card is read into core. If
the station number is greater than zero, the look-angles forthis same
object are computed for this new station. A negative station number
indicates that a new request deck is to be read into core and the
processing initiated for another point in space. A blank or zero o
station number terminates all processing and the program returns

to the executive program.

Error Messages

t. THE SLANT RANGE IS MISSING.
The program exits to the executive routine.
2. SUBROUTINE ERROR EXIT FROM OCTAL .
Subroutine or irrecoverable input-output error.
Exits to executive program if the GO option is taken.
The message is retyped if the STOP option is specified.
A dump should be taken if possible.
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10. 6

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. sin

. sin

Formulation

a) Initialization

. O .
8g = 6, % . 98564724 tpt 360. 98565 tFR

0 =9G+)\E

!

-+
aQ
s
It

99329985 * tg ¢
€ = R+ cosf* cos¢
n = R* sin £ * cos ¢'

t = R~ sin¢’

B = 90 -h,

§=cosP- sing+ sinf+ cosd* cos Az
S= -sin B+ sin Az/cos &

a = 6,-5

Ax = p * cos a* cos b

Ay = p +» sina - cos §

Az = p * sin §

X = cos 6g- m- sinbg

Y =€ sinf@g + ncos 6¢g

Z = ¢

x = X+ Ax i
y = Y+ Ay

z = 2+ Lz
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POSE

20.

21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37,

b) Computation of look-angle

t = tobs t tgtart
0G=60+C3'td+cz'tfr
8 = 671t ME

X = ¢ cos 8 - n sin 6

Y = ¢ sin e_G + n cos 0 (Note that Z is a constant)
Ax = x - X

Ay = y - Y (Note that Az is a constant)

o = N ax2 + Ay2 + Az2

sin § = Az/p
cos § = N 1-sin26

cosa=Ax/p cos §

S = 85 - a, 0< S< 360

cosfB = sind¢ "' sin§+ cosd+ cos 6§+ cos S

sin Az = (-cos § * sinS )/sinﬁ

cos Az = (sin § * cos ¢ - cos § * sin ¢ cosS)/sin B
h = 90°-p

t = t+ At

If t< tgop; Go to 21
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10. 7 Glossary

Location Symbol Meaning

AAl First digit (may be overpunched) of
satellite no. from observation card

AZ Az Azimuth angle

AZD Azimuth of computed pointin degrees

AZy Azimuth of original observation in degrees

Ci Cy . 99329985 conversion coefficient used
to compute ¢

Cc2 C2 .360. 98565 rotation rate of the earth
in degrees/solar day

C3 C3 :98564724 rotation rate of the earth
in (deg/solar day) -360°

C4 C4 1440 minutes/day

CAPR R Radius of the earth at the station

CAPX X x coordinate of stationx' y in equatorial plane;

CAPY Y y coordinate of stationjx points toward thef:

CAPZ Z z coordinate of station ernal equinox

COSDEC cos & Cosine of declination

COSLAT cos ¢ Cosine of station latitude

COSZD cos B Cosine of zenithangle

C2PI 2w 6.2831853072

DA Day of observation

DECL 6 Declination

DELT At Time increment

DELX Lx x coordinate - increment from station to
satellite ‘ ‘

DELY Ly y coordinate - increment from station to
satellite

DELZ Lz z coordinate - increment from station to

: satellite

EARTHR 6378.174 km/e. r.

ELEV ho Elevation angle of observation

ELEVD h Elevation angle of computed point

ETA n y coordinate of station (x, y in equatorial‘;

plane; x points to
Greenwich meridian)
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POSE

IOUR
IRANGE
IYR
IDAY
KSTA
MO
PI
RA
RANGE
RHO
S
SINAZ
SINDEC
SINLAT
SINZD

SNI1, SN2
SN3, SN4

STALAT
STALATC
STALON
STH
STLORA

T

TD

T DAYS
TFR

TH
THETAO

THETAS
THETAG
THETAGI
T™
TMIN
TOBFR

Sin Az
Sin §
Sin ¢

sinp

FR

Hour at which point is computed

_ Slant range for output point

1-10-7

Last digit of year of observation
Day at which point is computed
Station number

Month of observation
3.1415926536

Right ascension of satellite
Slant range of computed point
degrees/radian = 57. 29578
Hour angle

Sine of azimuth angle

Sine of declination

Sine of station latitude

Sine of zenith angle

Station name

Station latitude

Geocentric latitude of station
Station longitude in degrees

Station height

Station longitude in radians

Time at which ephemeris is computed
Day of year of observation

Integer part of t

Fractional part of t

Hour of observation

Greenwich Sidereal time at the beginning
of year

Siderial time at station

Greenwich sidereal time

Siderial time at Greenwich in degrees
Minute of observation

Minute at which point is computed

Time of observation in fractional part
of day
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-

TOBS t

obs Day of year of observation
TS Seconds of observation
TSTART t Minimum period
start
TSTOP t Maximum period
stop
X X x coordinate of satellite
XAT Last 2 digits of satellite number from
observation card
XI £ x coordinate of station (x,yinequatorialplane;
x points to Greenwich
meridian)
Y y y coordinate of satellite
YEAR Year of observation
YR Last digit of year of observation
4 z z coordinate of satellite
ZENDIS g Zenith angle
ZETA 14 z coordinate of station(x,y in equatorialplanfl)
x points to Greenwich
meridian)
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START

'

Defing
Constonts

= O

Reoad
Request
Cord

'

Read
Observation

Cord

Is The
Slant Range
Missing P

o .
Write Msg: Read
SLANT RANGE Station
IS MISSING | Card
EXIT

KEY:
. Compute Right Asc., Decl., and
X, y, 2z coordinates of Station and

Point at Obs. Time

Compute Smithsonian Day from Mth.
as No., Date, and Year

Convert Smithsonian Day to Yr., Mth.,
. Day of Mth., Day of Yr.
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23

Compute
Sin Lot.,Sin Long,
Time of Obs,

t20

Compute
R, Az, RA,
aAX, AY, AZ,

Long Form
of Ouput
wanted?

Compute
Pertinent
Stotion Position
Co~ordinotes

KEY:

Retrieve eo for Year.

1-10-10

¢

Weite ‘)

Headings

‘

Write Output
$,A, Hm,Dote
Time, Az, P

|

Write OQutput
R, ¥, 8, Ra,
X, Y,2

¢2)

Writes Headings and Begins Ephemeris Calculations
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POSE

Bring Up
New Page

Long Output
Form Requested?”

Set Visual
Pass
indicator

'

Write Output
Ephemeris

For Search

Write
Meading

Elevation
Negative ?

Compute

Search
Ephemeris

P 240

Increment
Time

KEY:

Tests for Visual Passes
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Any Visual
Passes?

Write
NO VISUAL
PASSES

v

Cleor
Visuol Pass
Indicator

'

Read
Station
Card

>0

>

is
Station

Number ?

| B2
EXIT

KEY:
° Reads New Request Card, Observation
Card and Station Card

@ Calculates Search Ephemeris for Samne
Satellite but New Station
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11.1

11. 2

11.3

ORPS, Orbital Plane Search

Function

ORPS is used for predicting search times for observing
satellites at a given observing station. Limitations of the observ-
ing station, imposed by the type of equipment used, are considered.
For example, the results must meet the criteria for maximum slant
range, minimum elevation angle, and visibility.

The program computes the XYZ search point coordinates of a
satellite from which its position may be defined in terms of right
ascension, declination, azimuth, elevation, and slant range. The
elevation and illumination angles of the sun are also computed at the

search point or prediction time.

Input_
A set of input consists of a standard six or seven card element
set, a standard station card for the observing station, and a request
card. The set may be repeated as often as desired, but the last set
must be followed by a blank card to terminate the program.
The format of the request card is as follows:
1) columns 1-10 contain the requested start time, in day of year, for
predictional data for a given observing station and satellite; 2) col-
umns 11-20 contain the time increment in minutes between search
points; 3) columns 21-30 contain the stop time in day of year; 4) the
search azimuth angle in degrees of the station is contained in columns
31-40; 5) columns 41-47 contain the maximum slant range in kilometers
acceptable to the observing station; 6) columns 48-57 contain the mini-
mum elevation angle in degrees acceptable to the observing station;
7) if only visible passes are desired, a one (1) is punched in column 58.
Quantities specified in the above paragraph depend upon the
limitations of the equipment type used by the observing station.
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11.4

——

Output

ORPS may be used with the TELTYP program if teletype
transmission of the output is desired. Therefore, all TELTYP
control functions are included with the output.

The first line is the heading "ORBITAL PLANE SEARCH AND
XYZ LOOK ANGLE PROGRAM!'. The next line is the satellite and
element numbers of the satellite for which the predictions were re-
quested. The next line is the comment "ORBITAL ELEMENTS'".

This indicates that the nodal elements used in the computations appear
in the next three rows, five columns to a row. The elements that

are printed out by row are the day of year of epoch, fractional day of
epoch, nodal period at epoch, rate of change of period in days/ rev®

at epoch, rate of change of ¢ in days/rev3, first and second derivatives
of the nodal period, the right ascension of the ascending node at epoch,
first and half second derivatives of the right ascension, the argument

of perigee at epoch, first and half second derivatives of the (
argument of perigee, eccentricity, and the inclination.

The next three lines consist of the parameters specified on the para-
meter input card. The start time in days of year, the time increment
in minutes, and the stop time in days of year are printed. The search
azimuth of the station in degrees and the criteria for maximum slant
range in kilometers and minimum elevationangle indegrees are printed.

The year constants are printed including the sideral time at the
start of the year, the lopgitude of the sun,and the difference between
the longitude of the sun, aMnd the argument of perigee of the sun.

The next line is a heading line, and the station name, latitude,
longitude, and height appear directly below. The satellite and element
numbers are printed next.

The main output of the program cofxsisting of the time of search
point, predicted position, and visibility quantities is preceded by
two heading lines. The output appears in order of increasing time of

search poiat in increments specified by the parameter input card.
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11. 4.1

11.5

Each data line includes the year, month,day, hour, and minute of
the search point, right ascension, declination, azimuth, elevation,
and slant range of the satellite, and the elevation and illumination
angles of the sun. Unless the specified criteria for maximum slant
range, minimum elevation angle, and visibility are met, no output

for the time of search point will apppear.

Comments with OQutput

1. PROGRAM ASSUMES PN = PA FOR SATELLITE NO. XXX.

This comment indicates that the nodal period at epoch in days is
missing from the sixth card of a seven card element set. The
anomalistic period is used in its place.

2. ELEMENT CARDS ARE OUT OF ORDER FOR SAT NO XXXX
ELEM NO XXXX. This comment indicates that a card was out of
order or missing in an element set. The program returns to read
another element set. SATELLITE XXX CARD XXX OUT OF ORDER

appears simultaneously on the Flexowriter.

Processing

ORPS predicts the right ascension, declination, azimuth and
elevation angles for a given satellite and the 'elevation and illumina-
tion angles of the sun, in a specified time range, for a given station.
The limitations of the observing station are considered. The program
consists of two sections, the Orbital Plane Search section and the XYZ
Look Angle section.

The Orbital Plane Search section computes the xy z point co-
ordinates from the satellite elements and-station coordinates. The
geocentric latitude of the station, difference in longitude from station
to search point, longitude at the search point, radius of earth at station,
and the x,y, z coordinates of the station in a rotating system are
computed. The time of search point is converted from day of year to
month, day, hour, and minute. The sidereal time at Greenwich at the
search point time, siderealtime at the search point, right ascension
of ascending node at search point, argument of latitude of satellite in
the orbit plane, the argument of perigee at the prediction time, the
true anaomaly, semi-major axis at epoch, anomalistic period at the
prediction time, semi-major axis at the predictéd time, eccentricity
at the prediction time, and the distance of the satellite from the center
of the earth are computed. Then the x,y,z search point coordinates

are found. 1-11-3
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G

The XYZ Look Angle section defines the position of the satellite
in terms of right ascension, declination, azimuth, elevation angle,
and slant range from the x,y,z search point coordinates. The x,v, z
coordinates of the station in a fixed system are found to compute the
slant range. If the predicted slant range is greater than the maximum
specified slant range, the program increments the time of search
point and returns to the Orbital Plane Search section to compute the
X,¥,2z search point coordinates for the incremented time. Other-
wise, the right ascension of the satellite, declination of the satellite,
sidereal time at the station, hour angle of the satellite, zenith angle,
and elevation angle are computed for the search point or prediction
time. If the specified minimum elevation angle is greater than the
predicted elevation, the program increments the time of search point
and returns to the Orbital Plane Search section. Otherwise, the
azimuth is computed.

The program determines if the satellite will be visible at search ‘
point time by computing the longitude of the sun at the prediction time,
right ascension, declination, and elevation of the sun, and the angle
1 (see illustration). If only visible passes are required, the program
tests the elevation and illumination angles of the sun. If the former
is less than--4vdegrees and the latter is greater than -4 degrees than
the pass will be visible. If not, the program increments the time and
returns to the Orbital Plane Search section.

Output quantities at each search point time include the time,
right ascension, declination, azimuth, elevation, and slant range of
the satellite, and the elevation and illumination angle of the sun. The
program then increme nts the time of search point, and returns to the

Orbital Plane Search section unless the stop time has been exceeded.
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11. 6.1 Formulation - Orbital Plane Search Section
L. ¢ = tan"! (. 99329985 tan ¢)
2. lgp = cos” (sin Az cos ¢) 0 < ig, < 180°
3. AN = (:Os"1 (cos Az/sin isp) 0 < A< 360°
o
4. Ngp = A= AX 0 < X gp< 360
5. R = 6378.145 (. 998320047 + . 001683494 cos 2¢ -.000003549 cos 4¢

+.000000008 cos 6¢) + H/ 1000

6. Xstat R cos X cos ¢I
Ystat = R sin A cos ¢/

Zstat = R sin ¢’

7- S tc = ta
8. 8G = 0ot .98564735 tq + 360.985647t; 0< 6gG < 360°
o]
9. Qp = 0g + Ngp 0<Qgp < 360
10 Q = 2+Q(t.-T)+ 10 (. -T)2 0<g, < 360°
. t - c o A c ‘0 -t
o
1L L9 = Qgp -0 0< AR < 360
I |ag | 3107 go to 14,
If | AQ - 180° | <go to 14.
12. cos y = cos icos igy + sini sin isp cos. AQ

Find proper quadrant of y

13. sinp = (sin AQ sin isp)/siny
Go to 15,

14. sinp = sin 4)7 sin i
Go to 16.
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-1 . ‘.,‘
15. p = tan ~ (sin AQ /cos AQ cos i -sin i/tan 1sp)
cos B = sin i/tan u  Go to 17.
16. G'St = BG + X
cos u = cos ( agy -§2) cos ¢
(TR taLn-1 (sin w/cos u
17. If cos p is negative p, = u + I, otherwisep, = [p ](O, 360)
18 s w4+ ot -T )+t (t.-T.)° 0<w, <360°
. Wy = (t. = To) 5 c~ Yo) =%
‘ o
19. Vo= g =@ 0< V < 360
20, a, = (P./.058672947)%3
21 B . 1 .. 2
. Pay = P, +p (tc'To)+Tp (to - Tp)
2/3
22. a, = (Pa,/.058672947) /
23. ey = 1-(ag/ay) (l-e)
‘ 2
24. r = at (1) e /(1 + ey wsV)
25. x = 6378.145 r ( cos kg cos Q4 - sin kg sin Q¢ cos i)
y = 6378, 145r (cos Ko sin Q. + sin Ko cOS Q, cos i)
z = 6378.145 r (sin Ko sin i)
11. 6.2 Formulation - XYZ Look Angle Section
26. ¥ = Xgtat COS G =~ Vgiat Sin 0g
y = Xstat sin6¢g + Ystat €OS GG
% 7 Zstat
2 =2 2. 1/2
27 o = [(x-®2+y-F +(z-7Y

If p> go to 47.

P max®
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28. cosa = (x-X)/[ (x-§)2+(y "3’-)2]1/2
. a = tan“1 [(y-T)/(x-%)]
29. If cosa negativea = a +1II, otherwisea = [a] (0, 360)

30, sind = (z-7/[(x -2+ ly - W+ (z - DP)Y2

3L 05t = Bg T X
3. HA_ = 8- a 0 < HA_ <360°
33. z‘3 = cos-1 (sin¢ sind + cosd cos b cos HA))
34. h = n/2 - 2
If h in”> h go to 47.
35. sinAz = (cos$ sin HAS)/sinﬁ
cos Az = (-sind cos¢ + cos§ sind cos HAs)/sin zg4
' Az = tan"1 (sin Az/cos Az)
If cos Az negative, Az =Az + 1 0< Az < 360°

36. 2 (t) = Lg +.98564735 t, + 1.91665 sin (. 98564735 t, - C,,)
3. ag = Lg(t) -2.46682 sin (24 (t))

38. 6, = tan”' (. 4336608 sin ag)

0}

39. 6(t) = g+ M

-1 . .

40. hg = sin [ sinsinby + cospcos 6g cos (8(t) - o.O)]
-1

4l agc = tan” (y/x) 0 <ag. < 360°

42.  SDg = sin”' (2/6378.145 1)

£ = cos-1 { cos SDgc cos 6® cés(o.@ -agc) - sinSDgc sin&O)‘

43. n = sin-1 (1/1)
. If all passes desired go to 45, otherwise test elevation of sun
(hO). If hg> -4 degrees, pass not visible, go to 47.
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44.

45,

46.

47.

°

I=§¢ -1 f;

Test illumination angle of sun (I). If I< ~4 degrees, pass not

visible, go to 47. If I > 4 degrees go to 46.
I=§¢ -1
Output time, a, 6, Az,h, p ’hO’ 1.

Increment time:

t =t + At

C c

If tc <t return to 8, Orbital Plane Search Section. Otherwise
e

return to start of program to process next set.

Earth

Illustration of Angle n
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11. 7

Glossarx

Location

A

AA
ALST
AO
AT
AZ
BB

C
C2PI
Cl4

CAL
CAPR
CAZ
CC
CDL
CMUO
CRA
CRAGC
CXI
CzD

ELEVA
ET
ETA

FNIOM
GI

HITE
HMIN
HSUNJ

Symbol

Ystat
C
2w
Ci4

cos Az

Zgtat
cos AN\
cos
cos a

cosa

cos £

Meaning

Semi-major axis

Start time minus epoch time

x coordinate of station in rotating system
Sidereal time at the station

Semi-major axis at epoch
Se;fni-majo”f’gxis at prediction time
Search azimuth angle

y coordinate of station in rotating system
Rate of change of period at epoch in days‘/rev2

Constant, 6.28318530

Difference between longitude of sun and argu-
ment of perigee of sun

Month of computed point

Radius of earth at station

Cosine of astronomical azimuth of object
z coordinate of station in rotating system
Cosine of delta longitude

Cosine of p

Cosine of right ascension

Cosine of Agc

Cosine of ¢

Cosine of zenith angle

Rate of change of ¢ in da.ys/rev3
Eccentricity

Elevation angle

Eccentricity at prediction time
See illustration

Constant 10~ 31
Iriclination

Height of station
Minimum elevation angle in degrees

Elevation of sun

1-11-9



ORPS Wolf Research and Development Corporation

1D Element card number ..
IDAY Day of month of computed point "‘
IDCI Input tape
IDCO Output tape
IELNO Element number
IHR Hour of computed point
IMIN Minute of computed point
ISATNO Satellite number
IYR Year of computed point
MP Satellite number for Flexo error message
NIX Switch set to 1 if element card out of order
NOE E to check against column 80 for 7 card set
OMEGT wi Argument of perigee at prediction time
OMGAT Q, Right ascension of ascending node at search
time
OMGSP Qsp Sidereal time at the search point
(0).¢ L1(t) Longitude of the sun at prediction time ‘
PA Py Anomalistic period at epoch
PDDOT p Second derivative of nodal period(days/rev. 3)
PDOT P First derivative of nodal period(days/rev. 2')
PHI ol Latitude of station
PHIP ¢’ Geocentric latitude of the station
PI T Constant, 3. 14159265
PMAX P MAX Maximum slant range in km,
PN Pn Nodal period at epoch
PT Pat Anomalistic period at prediction time
R Constant, km/earth radius
RA Q Right ascension of ascending node at epoch
RAD Constant, degrees/radian
RADDOT 1/2.(2. 1/2 second derivative of 2 in deg/da.y2
RADOT Q First derivative of Q@ in deg/day
RAV T Distance of satellite from center of the"
earth
S HAs Hour angle of satellite 0
SAZ sin Az Sine of astronomical azimuth of object
SD t ds Smithsonian days at time of computed point

1-11-10
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‘ SDEC siné Sine of declination
SETA sin n Sine of angle n
SHSUNJ sin hg, Sine of elevation of sun
SLRANG P Slant range
SMUO sin p Sine of argument of latitude of the satellite
STEP At Time increment in minutes

STNMI1, STNM2

STNM3,STNM4 Alphanumeric

station name

TA ty Start time (day of year)
t. Time of computed point
TANMU tan p Tangent of angle p
TD ta Prediction time in days
TDECS tan 6 Tangent of declination of sun
TE te Stop time (day of year)
TF tg Prediction time (fraction of day).
THETG N} Sidereal time at Greenwich at prediction
time in degrees
. THETO 90 Sidereal time of Greenwich at start of year
THETST est Sidereal time at station
THTGT o(t) Sidereal time of Greenwich at time t
TO T, Day of year of epoch
TOD t, Integral day of year of epoch
TOF Fractional day of epoch
TPHIP tan ¢./ Tangent of geocentric latitude of station
TRA tana ‘Tangent of right ascension of predicted
: sighting
A\ v | True anomaly
W w Argument of perigee at epoch
WDDOT /2 & 1/2 second derivative of w in deg/dayz
WDOT w First derivative of w in deg/day
X x - x coordinate of station in fixed system
XAZ Az Azimuth of object.
XBAR x x coordinate of station-in fixed system
‘ XCDL AN Difference in longitude from station to
search point.
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XCGAM Y
XDECS 6®
XI 3
XIA

XISP isp
X1 \
XLSUN LG)
XRASUN a®
XTHETG 0G
XZD B
Y y
YBAR v
YLSP )‘sp
YR

z q
ZBAR z
ZDEC 6
ZMUO Mo
ZOMG A
ZRA a
ZRAGC age

¢
Intermediate quantity used in computation
of SMUO ’
Declination of sun
Angle § intermediate
Illumination aﬁgle
Intermediate quantity used in computing CDL
Longitude of station

Celestial longitude of sun at beginning of
year

Right ascension of sun

Sidereal time at Greenwich at prediction
time in radians .

Zenith angle

y coordinate of satellite

y coordinate of station in fixed system
Longitude at the search point Q\

Year of epoch

z coordinate of satellite
z coordinate of station in fixed system
D-=clination of satellite

Argument of latitude of satellite in orbit plane

2.

Right ascension of satellite

Right ascension of satellite
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ORPS

EXIT

KEY:

START o

100

Set
Counter

to |

v

Read
First
Element
Card

Blonk Card P )y

Update
Counter

by |

No

Write Msg:
ELEMEN

CARDS oOuT
OF ORDER

Read Remainder of Element Set

1-11-13
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Read
Element Card
Specified
by Counter
Reod Sixth
Element
Cord

Nodal Period
Missing ?

Write Msg:
PROGRAM
ASSUMES

PN=PA

No Seven Card Set Yoy

N

Read Lost Cord

KE

Y:
Read Next Element Card
Read Station Card

1-11-14
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KEY:

CONYRB

17

CONYRB

23

Reod
Station
Card

v 22

Reod
Parameter
Cord

* 360

Write
~ Heodings
ond Orbitat

Elements

* 1003

write Time
Parameters,
Criteric oand
Year Constants

¥ 40

Compute B,
igps BAXsrars
YsrarZ star

SDAY

A4

Continue xy z Look Angle

Computations

Obtain Year Constants

i-11-15
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Convert Smithsonian Day
to Gregorian Date
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(a4

Set Up Time
i of
Prediction

;

Compute 84,0 ¢p,
Y, Agr, 4, wt,
v, 0o, 01,0 ¢

l 350

Compute

_ X2,
XV.Z,p

420
Compute

a,b,e.Ha,,
h

‘Compute Az,.£ (1)
- e(')lh.lagcv
s ’ 7. I

KEY:

Output Predictions
Increment Time
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ORPS

No /visible Passe

Output Time,
a8, az,h,

Pihgd

=

Increment
Time

Time Limit
Exceeded ?

KEY:

Returns to Start of Program
Computes Next Position
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t2.

12.

12.

12.

12.

1

5

ASUM, Observation Acquistion File Summary
Function

This program will provide a complete listing of the current

Observation Acquistion File.

InEut

The input is comprised entirely of the information written
on the A-File of the SEAI tape.

Output

The output consists of the sensor information required to
obtain look angles for a given satellite. The output is sequential

according to satellite number and includes the following:

Satellite number

Sensor number

Sensor name

Pass code (all or visual)

Format requeét {(short or complete)
Type (all, 3-point, Baker-Nunn.)
Minimum azimuth

Maximum azimuth

Minimum elevation

Maximum elevation

Maximum range

Grid, or step, size in minutes

Processing

The program reads the Sensor File to obtain the required
sensor information. The Acquisition File is then located and de-
coded. Sensor information is retrieved from the sensor storage
area when the need arises. If the information is not available

the following message is printed:

NOT IN FILE
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C

The data is written onto the output tape under control
of counters which allow fifty lines of output per page. Output
is single spaced. It is in satellite number order and in the
sensor number order called for by the Acquisition File. A

double space separates the satellites.
12.5. 1 Error Messages

When tape reading difficulties occur the following message

will appear on the flexo:

TAPE TROUBLE
TYPE GO TO RETRY JOB. TYPE STOP TO TERMINATE.

O
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SEAI TAPE
N
10 Biock x| *x10 o1aie 8 ®
(Tape 1D) '
cie[F T|[Y|N N N 8
SATTB Block Plus °
|6 Primary Sensors hmiN h MAX JAMIN AMAX }:
Restart Block P MAX aT w
l BAKER - NUNN CONTROL
J
Sensor File
A—-Block XX s FILE MAINTENANCE
BBB = SATELLITE NUMBER (8CD)
C:C TYPE
P1PASS CODE (°'A“' )
| = VISUAL
Element File 0+ SHORT
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Fig.12.1
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KEY:
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13.

13.

13.

13.

13.

1

SSUM, Sensor File Summary
Function

This program prepares a complete listing of the Sensor
File. -

InBut

The input is comprised entirely of the Sensor File w.ii.en
on the SEAI tape.

Qutput.

A listing of the sensor data contained in the S-File is provided.

The following information is included as part of the output:

Sensor number
Sensor name
Latitude in degrees
Longitude in degrees
Height in earth radii
X/cos 8 or — (C+ H) cos 8 in earth radii
l Z or —(S + H)sin¢ in earth radii
Accuracy digit for azimuth, elevation and range
Classification code

Sensor type

Processing
The SEAI tape is read to locate the Sensor File. After

locating this file the program reads 1386 words into core storage.
If the ending sentinel is found before the buffer area is filled,the
program will process as much information as it has been able to
retrieve. If more information is still to be read from the Sensor
File the program returns for a second pass after processing the
first buffer full of data. N

Counters are used to provide for nine groups of five sensors
for each page of printed output. Headings and a page count are
written on the top of each page. The order of the S-File determines

the order of the printout.
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SEA]l TAPE
ID Block FILE MAINTENANCE CONTROLS
{ Tape ID) SENSOR TYPE

SENSOR NUMBER
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Observation @:1LA COORDINATES INDICATOR (BCD)
Acquisition File F SIGN BIT ON- CLASSIFIED
#5 BIT ON— NOT REPORTING
XX s (1(BCD) FOR SENSOR FILE
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Information File

D-Block

ORSUM FILE
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Fig.13.1
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‘ SEAT
READ C

Read S-File
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KEY:
Processes Information Contained in S-File
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(
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KEY:
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14.

14.

14.

14.

1

3

ISUM, Information File Summary
Function

The program generates a listing of all or specified
sections of the Information File of the SEAI tape. A ''box
score'' or tally of the number of satellites still orbiting can

be obtained.

Input
The input consists primarily of the I-File of the SEAI tape.

Control cards included in the Job deck contain the information re-
quired to set up the options available in the program. The following

data is punched in cols. 1 - 3;:
a) ALL - used to obtain a cﬁbniplete listing of the I-File.

b) BOX - used to obtain a tally of the number of satellites
‘ orbiting.
c) NNN - a three digit satellite number for each satellite, required

if the ALL option is not used.

d) END - this signals the end of the control data and is always

required.

Output
The I-File of the SEAI tape is written for off-line printing.

Information printed out includes:

Satellite number
Satellite name
Launch date
Launch site
Booster country

Payload country
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14.5

14.5. 1

Processing ‘
}

The control information described in the input section is
read from the system data tape (logical zero). If all satellites
are requested, the entire I-File is read and prepared féf output
purposes. If individual satellites are requested, then the I-File
is scanned and only the information desired is written onto the
output tape. If a box-score of the orbiting satellites is called

for, then this is written out following the printout of the I-File. ‘

Error Messages

If irrecoverable tape errors are encountered while reading

the SEAI tape the following message is written on the Flexo:

PROGRAM TERMINATED DUE TO POOR BLOCK
MARKS, SPROCKET ERROR, Si OR S2 ERROR,
OR DISABLED UNIT ON LOGICAL 4.

A parity error will cause a single reread and a second failure will
result in the program issuing a minus one read order with the follow-
ing comment: ﬁ

MINUS ONE READ ORDER ISSUED TO OVERRIDE
PARITY ERROR
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SATELLITE NUMBER (X....... ..CNNN)

SATELLITE NAME

COMMON NAME

LAUNCH DATE

LAUNCH SITE

BOOSTER COUNTRY

PAYLOAD COUNTRY

MISSION OR DESCRIPTION

WEIGHT

SHAPE

LENGTH

HEIGHT

WIDTH

DIAMETER

MEAN DRAG ( 0DDD)

VARIANCE' ( .00D)

RADAR CROSS SECTION

VARJANCE { D.D)

MEAN REFLECTION D.D)

VARIANCE ( D.0)

TUMBLING DATE & RATE

TUMBLING MODE

STAQILIZATION

MANEUVER CHARACTERISTICS

TRANSMITTING FREQUENCIES( .D D)

[ RECEIVING FREQUENCIES
DECAY DATE
DETERMINED
LIFETIME IN YEARS ( .00D)
[HELIOCENTRIC ELEMENTS (.DDDOD) €
( .0DDOD) A
{ .DDDDD) Q,
{ .DDDDD) 02
{ .DODDD) 3.
' { .DDOD) P
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KEY:
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15.

5.

15.

1

TELTYP , Magnetic Output Tape to Teletype
Tape Conversion

Function

The TELTYP Program is used to convert an output tape,
written by other programs, to Baudot code. The magnetic out-
put tape used as input to this program must contain the sentinels
described in the input section. These sentinels are used to identify
the messages to be converted by the TELTYP program. The output
tape is searched for the beginning sentinels. Conversion then pro-
ceeds from BCD to Baudot code until an end of message sentinel is
located. With the completion of one message, succeeding units are
sought, identified and converted.

After completely processing the input tape the TELTYP pro-
gram writes the teletype code onto the input tape. This new infor-
mation follows the last output previously written onto that tape. A
special data select character is used to mark this output as informa-
tion to be punched from magnetic tape to 5-level paper tape via the

Universal Buffer Controller (UBC).

Input
Input to the TELTYP program is comprised entirely of

the output tape (logical i{) previously written by any one program,
or several programs, processed by the computer.

The TELTYP program must be called upon to perform its
function immediately following the programs desiring this optional
output. The output tape must not be wrapped up or rewound by the
operator or system under which the programs are functioning. If
the tape has been rewound,the teletype conversion will not be per-
formed and a message will be written on the Flexo indicating the
status of the input tape.

The following sentinels will be searched for on the input

tape which must be addressable as logical tape 11 (eleven):

1. Data select |
2. 14 B's
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15.3.1

15. 4

3. % §$ ' (i
4. A block of U's.

Description of the functions of the sentinels.

{. Data select one

This sentinel is searched for at the beginning of each line
on the input tape. If a data select one character is found,
printed output is assumed and the processing continues. If
any other data select character is present, other types of
output are indicated and the line is ignored. The next line

is then brought in for processing.
2. BBBBBEBBBBBBBB (14 B's)

This sentinel marks the beginning of a message to be
processed into Baudot code. There will be as many sentinels
of this type on the input tape as there are messages to be con-

verted.
3. *$ (an asterisk followed by a dollar sign) ‘\

This signals the end of the message being converted.
The message is wrapped up when this sentinel is found and
the sentinel described under 3. 1.1 is then searched for by the

program.
4. 128 words (1 block) of U's

This sentinel is written on the input tape by the TELTYP
program itself before the input tape is rewound and processing
is started. It signals the end of the input tape and all processing
ceases once it has been found.

When this sentinel has been located the program will rewind
the intermediate tape used to store teletype output and copy its
contents onto the input tape. The program then exits to the

executive program.

Output
The output consists of the required conversion to Baudot 0

code and is written on logical tape 1! (eleven) following the in-

formation previously written on that tape. Processing of other
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15.

5

programs requiring tape 11 (eleven) for output, but not requiring
teletype conversion, canfollow the termination of this program.

The 5-level paper tape output can be obtained through use of
of the UBC if data select 4 is used.

Processing
The TELTYP program first tests the input tape to deter-

mine if data is available for conversion to Baudot code. If the
tape is in a rewound status a comment is made on the Flexo
and control is returned to the executive program.

After it has been determined that data is available, a
block of U's are written on the tape following the last piece of
information recorded. The tape is then rewound and processing
starts.

A search is made for an output line of information written
under data select one. Once this requirement has been met, an
attempt is made to locate the second sentinel (14 B's). If the B's
are not located the pirogram returns to the search for data select
one. If the B's are located before the end sentinel (one block of U's)
is reached, conversion of the message which follows is initiated by
the setting of a logical switch.

In converting to Baudot code each character is examined.
Numeric and alphanumeric characters are converted directly
upon entry to a dispatch table. The appropriate shifts are deter-
mined and placed in the output buffer as required. Illegal char-
acters are treated as blanks and a space code is supplied to the
output buffer. Line feed can be called for by the insertion of an
8-5 punch (octal 15). Two carriage returns and a line feed are
supplied by the program at the end of each line of information.

An octal 32 (asterisk) is treated the same as any end-of-line
indicator (octal 77). Each new line is examined for the data select
one character.

The character by character evaluation and conversion con-
tinues until an end of message indicator is met. Two indicators
are used: (a) an asterisk followed by a dollar sign, or (b) an

absolute stop code which normally signifies the end of an output
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tape. The message will be terminated by either signal. Letter
shifts will be used to fill out the output area and an end of mes-
sage indication will be given to the operator via the Flexo. The
program then returns to search for the next message on the in-
put tape.

This process continues until the block of U's is found. At
that time the intermediate tape, which is used to store the con-
verted message, is rewound and copied onto the input tape. The
block of U's is written over by the information being added to the

tape. An exit is then made to the executive program.

Error Indications

1. The following messages will be typed on the Flexo anda return

will be made to the Exec.:

(a) TAPE FOR STANDARD TTY CONVERSION ALREADY
REWOUND. JOB TERMINATED.

{(b) NON-RECOVERABLE ERROR IN READING INPUT TAPE.
UNABLE TO RESTORE TO ORIGINAL POSITION. REMOVE
WITHOUT WRAPUP. JOB TERMINATED.

The first message was discussed under the input and processing
sections. The second message is self-explanatory.

2. Other error messages are as follows:

{(a) SUBROUTINE ERROR EXIT FROM OCTAL
L.OAD COMPACT INTO UPPER CORE AND TAKE DUMP.

This comment will be made only if the computer jumps to
location zero or three. A stop-go option is given. Go will send
control to the executive program. Stop will print out the message
again. The operator is requested to give a dump only if the com-

puter is in a non-interruptable mode.

{(b) ERROR IN READING INPUT TAPE.
TYPE GO TO ACCEPT OR STOP TO
TERMINATE.

This is typed out whenever parity or sprocket errors

are encountered.
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(c) BAD INTERMEDIATE TAPE. CHANGE TAPE
AND TYPE GO.

Converted messages can be lost when the tape change is

made.

(d) SCRATCH OR INPUT TAPE DID NOT REWIND,
TYPE GO TO TRY AGAIN OR STOP TO
TERMINATE JOB.

This message is self-explanatory.

(e) EM
This indicates that the end of message indicator has been

encountered.
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KEY:

START
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NEW

Begin
New Line

Stop Code Yes
Present ?

; LBLOCK
Begln Sentinel Set Stop
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)

Search Buffer

' tor Begin
Sentingl

Sentinei
tound ?

Set Begin

Yes
Sentinel Swit ?

{ End of Ling? ju=

A2

KEY:

NEXUS | Retrieve Next Character from Input Buffer

Test for End of First Line

Convert Character to Teletype Code
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KEY:

Begin New Line
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NEXT

Get Next
"Character
NEXUS

|
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Dispatch Toble |

TABLE
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Figure Shift \ Yes Yes
Required?

Letter Shift
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n

BACK

Store Character in
' Output Buffer Space Code (NOSHF T)
@ End of Message (EE)
_ Illegal Code (PICKUP)

85 ) Line Feed (LINFED)

Carriage Return (AST)
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SHONC ®
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16.1

16. 2

16. 2.1

BMEWSPT, BMEWS Paper Tape Conversion

Function

BMEWSPT scans output messages from the DIP computer in
search of possible SPADATS messages. Other messages of variable
length are ignored. Any possible SPADATS message is examined for
consistency. If the message appears to be valid, certain control
bits are stripped, and the message is converted to standard observa-
tion format and put out as a binary tape. This binary output tape
is in the format of a system TTYAIN tape and is used as direct
input to ORCON.

Definitions

The following terms will be used throughout the BMEWSPT

description:

BMEWS Character - The format of this character changes during
preparation of magnetic input tape. See BMEWS word. It
originally consists of 6 information bits preceded by a parity
(P ) bit during transmission to SPADATS.

BMEWS Group - Consists of three 24 bit BMEWS words (input
tape format). There are three BMEWS groups in 2 SPADATS
message.

BMEWS Message - Any message output by the DIP which may or
may not be a SPADATS message.

BMEWS Word - Consists of three BMEWS characters. The format
of a BMEWS word changes during preparation of the magnetic
input tape. Details appear in that section. The format of a
BMEWS word is shown in Figure 16. 1.
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Fig. 16.1 (

' BMEWS Word ]
Bit Number || 112 {314]5]6[7(8[9[10{11]12]13|18}15|16(17(18/19(20 |21 22i23 {24

- VAN
Tl R Y A S R R B S A A A R R B AN NN
Five Channel NN
‘Paper Tope PEIIIIIIIIIIIIIIIIII\§&\\
Input Tape ||S|P[E|T|T|T|S|T{I|T|T{T|S|T|{I|T|T{I{S{I|T|L|T|I

Chad-less Paper Tape - Original paper tape received by SPADATS
from the DIP. BMEWS words appear as three 7 bit characters.

Control Bit - An S, P, or E bit.

DIP - Computer used to process all BMEWS data. (Q-point data
(observations) are outputted on chad-less paper tape and
received by SPADATS.

E-bit - Error bit. The second bit of the 20 bit BMEWS word appear-
ing on five channel paper tape. Set to one if transmission errors
are detected between the DIP and SPADATS. :

Filler Words - Philco 8 character words of all filler characters (32)8.

Five Channel Paper Tape - Intermediary between chad-less paper
tape and magnetic input tape. BMEWS words appear as four
5 level characters.

I-bit-Information data bit. Any bit contained in a SPADATS message.
except for control bits.

P-bit - Parity bit. The first bit of the 20 bit BMEWS word appearing
on five channel paper tape.. -

P -bit - Parity bit. Original parity bit associated with a BMEWS
character.

S-bit - Sixth level bit. The sixth level (most significant) bit added
to each of the four 5 level characters on the five channel paper
tape when preparing the magnetic input tape.

SPADATS Message - Three groups of three BMEWS words each of
which contain Q-point data.

TTYAIN Tape - System input tape for teletype data which is processed
by ORCON Tape ID is 70TTYAIN O
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TYPE 25 Standard Observation - Observation in standard format
from a station using a moving beam antenna with T tracking
capability. Data readout is automatic.

Zebra - Time - Greenwich Mean T'ime.
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Preparing Magnetic Input Tape

BMEWS Sites
Maoke

Observations

Wolf Research and Development Corporation

C

16. 3.1

L L SPADATS
Receives Converts to To Make For Program
2000 BMEWSPT|
pip Chod—less | 5Channel Input Converts Data
Computer Paper  Tape Paper Tape Tape to Stondord
Obs. Format
Fig. 16.2

SPADATS receives chad-~less paper tape which is direct output
from the DIP computer. The chad-less paper tape is converted by
equipment to five channel paper tape by decoding BMEWS words.

BMEWS words are decoded into four 5-level characters. The
P* bit of each of the three BMEWS characters is checked and deleted. O
The remaining'l8 bits become the least significant of the 20 on the
five channel paper tape. If the check of the P bits detected trans-
mission errors, the E-~bit is set to one. A new parity bit is generated
and becomes the P-bit. An odd parity for the 20-bit group results.

In preparing the input tape fromthe paper tape, the reader
must be in 5-level binary mode. The equipment adds an S-bit to
Therefore, the required six bit

At least one block of

each of the four 5-level characters.
character will appear in computer storage.

filler words must be added via the simulator.

Zebra Time from Flexowriter

Since SPADATS messages do not contain the zebra year,
month, and day of the Q-point data, these times must be obtained
before conversion to standard observation format. Normally, there

is a restriction that input data cannot be more than one day old. Then

the year, month, and day may be obtained from the accounting clock.

However, if the accounting clock is not working properly, or is set ‘A‘)
to local time, or if the input data is more than one day old, the

correct zebra time must be obtained from the flexowriter.
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The program first interrogates the accounting clock and con-
verts the time to BCD. The time is typed out in the format of YR-
MM-DD-HHMM ZEBRA. If the time is correct, the operator types
a carriage return and the program starts processing the messages.

If the time is incorrect the operator types the requested YR~
MM-DD-HHMM followed by a carriage return. The corrected time
is then typed out for approval. See 16.4.1-2 for further details.

16. 3.2 Input Tape
A BMEWS word will appear on the prepared input tape and in

computer storage as 24 bits. Since there are 9 BMEWS words in a
SPADATS message, a total of at least 4 1/2 Philco words are re-
quired.

The input tape may or may not contain messages of varying
lengths other than SPADATS messages. The program will ignore
extraneous data. A SPADATS message consists of three BMEWS

. groups. Each BMEWS group contains 72 bits. The format of each
group including control bits is illustrated in tables following this
section. Note, however, that a BMEWS message in core does not
necessarily start at the beginning of a Philco half word. The begin-
ning character of a BMEWS message may be any one of the 8 charac-
tersina Philcoword, therefore, the program examines each
character separately.

If the control bits are ignored a BMEWS message will
appear on the input tape and in core storage as shown in
Figures 16. 3 and 16. 4.
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S&;‘é& N%T:’:f Information Data z:%;?rg:r:;zn
| SPADATS identifier 100(Binary)
3 Group Count 000(Binary)
2 Site Number Ol or 10
{Binary)
4 Sequence Number 0-16383
5 Time—Hours 0-23
6 Time —Minutes 0-59
6 Time —Seconds 0-59
4 Time — Fractional Seconds 0-15/18
5 Credence ignored
6 No. Consolidated Reports 0-63
2 3 SPADATS lIdentifier 100(Binary)
3 Group Count 001 (Binary)
2 Site Number Ol or 10
14 Sequence Number 0-16383
| Azimuth Sign O=+4, |=— | Oorl
2 Radians 0-3
14 Fractional Radians 0-1
| Range Rate Sign O=+, | = —| Oor !l
3 Nautical Miles Per Second o-7
11 Fractional NM/ Sec ‘
3 3 SPADATS identifier I00(Binary)
Group Count 010(Binary)
Site Number Ol or 10
14 Sequence Number 0-16383
12 Range Nautical Miles 0-4095
| Fractional NM Oorb
2 Elevation Angle Radians 0-~-3
14 Fractional Radians o-1
3 Blank 000(Binary )

Fig. 16.3
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16. 4 Qutput
BMEWSPT output is a magnetic tape containing Q-point data
converted to standard observation format. The output tape is in the
system TTYAIN tape format described below and is suitable for
input to ORCON. Unused portions of all blocks are filler words.

TOTTYAIN

——-J The first word of the first block is the tape ID,
70TTYAIN. This indicates to the executive routine
that the tape is an ORCON input tape.

BEGINOBS I The first word of the second block is the ORCON
control word BEGINOBS. This indicates to ORCON
that the following input will be in standard observa-
tion format.

Q-point The Q-point data converted to type 25 standard

observations are written 12 observations per block.
There are no restrictions on the number of blocks
used for the observations which are all classified
unknowns.

Observations

t
———/-J—_-\

[Te]
ENDOFOBS N The first word of the second to last block is the
- ORCON control word ENDOFOBS. This is a signal
30 for ORCON indicating the end of the standard observa-
fy tion input. -
ENDADATA ] ‘
The first word of the next to last block is the ORCON

control word ENDADATA. This indicates to ORCON
that there is no more input from the TTYAIN tape.

R2222422 l

The last block contains 120 words of Z’ s

Each generated observation will occupy the equivalence of ten
Philco computer words on the output tape. Each observation will be

in the standard observation format shown in figure 16. 6. ‘}
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16.5

Processing
BMEWSPT obtains the zebra year, month, and day of

observation from the accounting clock and/or from corrections
entered via the Flexowriter. The two header blocks containing

the tape identification 70TTYAIN and the ORCON control word
BEGINOBS as their first words respectively are written on the
output tape. The input data is then transfered to the data storage
area. If the data storage area does not contain any zero characters,
the message, '"MAY BE CODE MODE" is typed on the Flexo. This
indicates that the input tape may have been prepared from the five
channel paper tape under code mode, which ignores blanks, rather
than binary made which converts blank paper tape to zero characters.
This is only a possible error message. .

The program then searches for a SPADATS message. KEach
character in core is examined until one is found which has 100 as
the last three bits. This is tentatively assumed to be the SPADATS
identifier. The next three information bits are checked and should
indicate the first group count, 000. If they are, the bits correspond-
ing to the SPADATS identifiers and group counts for the second and
third groups are examined. If they agree with the expected values,
the site and sequence numbers from the first group are compared
with the corresponding values in the second and third groups. If
there is agreement and if the site number is 1 or 2, it is assumed
that a SPADATS message has been located. If any test fails, the
search for the SPADATS identifier continues with the character
following the originai character with 100 as its last three bits.

After a SPADATS message is found, the Q-point data is
converted to a type 25 standard observation. The sequence number
is converted to BCD. The site number is converted to station
number by a table look up. The zebra time is converted to BCD.
Year, month, day are obtained from the accounting clock or Flexo-
writer while hours, minutes, and seconds are obtainéd {¥ém the

Q-point data. The credence is ignored. ‘\)

1-16-10
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The number of consolidated reports is used in the
determination of the accuracy. The first three of the six
bits form a binary number, 0-7. This number is subtracted
from 7 to give the accuracy. A resultant accuracy of 0 corresponds
to a large number of reports. An accuracy of & or 9 may result
from the detection of one or more parity errors, respectively.

An error count is made up of the sum of the 9 E-~bits and the
number of bad parity checks. A non-zero error count results in
an 8 or 9 accuracy.

If the azimuth is positve, there is a direct conversion from
radians to circles. If it is negative, the magnitude is substracted
from 2m and converted to circles.

Elevation is converted to circles. If the result is greater
than 0. 25, one-half circle is added to the azimuth and the elevation
is subtracted from 0.5. The resultant elevation and azimuth values
are converted to degrees.

. Range and range rate are converted to kilometers and
kilometers/second respectively., Because the output range rate
has nine characters, the integer and fractional parts are processed
separately.

The resultant observations are written out on the output tape,
12 observations per block. After all data has been processed, and
all observations written on the output tape, two blocks contzining
the ORCON control words ENDOFOBS and ENDA DATA as their
first words respectively are written on the output tape. The last
block written on the output tape contains 120 words of z' s. The

output tape is now ready to be processed by ORCON.

1-16-11
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16. 4.1

Flexowriter Messages

1. MOUNT SCRATCH ON UNIT 7 AND INPUT ON UNIT 0.

This message is typed at the start of the program. After
typing this message, the program goes to the STOP-GO routine.
T‘he program will begin when the operator types GO.

2. YR-MM-DD-HHMM ZEBRA

The zebra time at the start of the program is typed for the
operator' s apprc;val. One or more of the zebra groups may be
altered by the operator. The groups are separated by hyphens.
See 16. 3. 1.
a. TRY AGAIN

This message is typed if the operator makes an error in
typing in the requested time. Program waits for another type
in of the time and retests.
b. ILLEGAL DATE-TIME. RETRY

Typed if an illegal group in the zebra time is found such as @

a month>12. The operator will then type in a new zebra time which

will be tested.

3. WRITE ERRORS
READ ERRORS
PROC ERRORS
Appropriate comment is typed if tape errors occurred and
could not be corrected. Control returns to the executive routine

after typeout.

4. INPUT MAY BE CODE MODE

This message indicates that the paper tape may have been
converted to the magnetic input tape under code mode instead of
binary mode. The program tests one block for zero characters.
If ‘nq zero characters are found, the above message is typed on the

Flexo. The program then continues normally.

¢
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9.5.1

Punched card output, if specified, is under control of a
PATH switch which eliminates multiple punching of the same
ephemeris data. This switch also controls the production of an
ephemeris tape from a set of ephemeris cards. This switch equals
one (1) for the first time through the program, for a particular set
of ephemeris data, and two (2) for each subsequent pass through
the program for this same data. It can be reset to one by reading
a negative station number. Thus ephemeris cards are punched, or an
ephemeris tape made, only on the first pass through the program for

that particular set of ephemeris data. ‘

Error Message

If the program is unable to read the ephemeris tape, the
comment EPHEMERIS TAPE TROUBLE will be written on the
output tape. In addition, the comment PROGRAM TERMINATED
DUE TO EPHEMERIS TAPE TROUBLE will appear on the Flexo,

and control will return to the executive routine.
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KEY:

| START

'

Obtain Current
Time from

unting Clock

ALPHA

Write the
Heading:

70TTYAIN

Read the
First Portion
of InputDota

. Write the
Heading:

BEGINOBS

Beginning of Processing

1-16-14
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BMEWSPT

@

TOBUFIN

Tronsfer the
Input Dato
to the Dato

Storage Area

Is the First
Character of
Dota aFiller
Character ?

Reod the Next
Portion of Input
Dotginto the
Input Buffer

Yeos

SEARCH
Has Any
Dato Been
Procesved Yet?

Doss the Doto
Storage Arec
Contain Any
Zero Chot. ©

SETMODE

Set o
Switch to
IndicateDate
Processed

Flexo Message:
MAY BE
CODE MODE

KEY:

G0GOGO

Obtain the
Locotion of
the Next
Data Word

Detailed Examination of the Data Word
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BMEWSPT

Are SPADATS
1D ond Group
Counts Legoal ?
i)

Yes

Extract
Site and
Messoge
Numbers

Do Message
Numbsrs For
Each Messoge
Port Agree?

Yes

is the
Site Mumber

Legal?

RETCH

Restore
Location of
Next Word to
be Processed

Determine

From Site
Number

Station Number|

]

Convert

BMEWS Dota
to Observation

Format

KEY: .
Preparation for Output

1-16-17
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v

Write Out
the

Observations

Transfer the
Observation
to the
Qutput Buffer

Yes

RETOUT
SetLocation
of Naxtword
fo beProcessed

Will Next
Messoge Need
New Data ?

No

KEY:
Detailed Examination of the Data Word

- ®

Transfer of New Data to Data Storage Area
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{Subroutine Daytime)

DAYT IME

Convert Accent

Clock Time

to Binory and
to BCD

. { TYPZ

Flexo Output:
YR-MM-DD-HH
MM ZEBRA

to Year vio
ANY INPT

o N
[Accept Chonge s

to Month via
ANY INPT

Accept Change
to Day via
ANYINPT

Accept Chot'm
to Hour vio

ANYLINPT

Acccpfmunqn
to Minute via
. ANYINPT

KEY: °
. @ Examines Changes Entered
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KEY:‘

® &

(Subroutine Daytime)

was There

Any Change
Inthe

Dote-Time,

' Convert the
Daote-Time
to Binary

Q February has
29 Doys |

Yes

is the
Year o Leap
Yeor ?

!

February hos
28 Doys

Yas

Determine
the Date-Time
for the
Previous Day

lEXIT4

Return

Is the
Date-Time
Legal?

& ERROR

Flexo Output:
ILLEGAL

DATE-TIME
RETRY

¢

"Output of Date-Time to Flexowriter

Acceptance of New Date-Time from Flexowriter
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BMEWSPT

(Subroutine ANYINPT)

from the Flexo
via TCMR

Is the
Charocter a
Carriage
Return?

Is the
Character o

Stop Coda ?

Flexo Output:

TRY AGAIN Yes

Accept
Another
Charactervia
TCMR

'

Charaocter
Numeric ?

is the

Is the
Charocter
a Dosh?

Yes

Store the
Two Quantities,

ouTs

Re turn

KEY:

Returns to DAYTIME
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SECTION 2
SUBROUTINES AND FUNCTIONS

This section contains descriptions of subroutines and functions which
are used by many of the programs described in Section 1. All, with the
exception of XYZSB, have been written with the linkage required by FORTRAN
or ALTAC. The description of XYZSB, which was written by Aeronutronic, a
division of the Ford Motor Company, has been included to serve as a conven-

ient reference within this volume.

The functions described are used to perform intermediate calculations

and produce a single valued result. The subroutines perform a series of cal-

. culations and may produce more than one result,
Number Name Title Type

1 CONYRB Obtain year constants S
2 NHOLY Remove overpunch (fix. pt.) F
3 PROPR Properize argument (0 to 2 7) F
4 SDAY Gregorian date from Smithsonian day S
5 SHOLY Restore Hollerith sign F
6 SMITH " Obtain theta Greenwich F
7 UNHOLY Remove overpunch (flt. pt.) F
8 YRDAY Convert to Smithsonian day from yr., day

of yr. S
9 YRMDY Convert to Smithsonian day from yr., mth,,

day S

10 XYZSB Analytical integration routine
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CONYRB, Year Constants (Subroutine)

PurEose

CONYRB is used to obtain Theta Greenwich, the celestial
longitude of the sun, and the difference between the longitude of the

sun and the argument of perigee of the sun at the start of a year.

Use

—

Call CONYRB (IX, X1, X2, X3, X4, X5, X6, X7, X8)

Input
IX must be a fixed point integer equal to the last digit of the
year. No further arguments are necessary for entry to the sub-

routine.

OutEut

Upon exit from the subroutine, the arguments represent the

following constants:

IX (Fixed point) = last digit of the year.
X1 (Floating point) = year.
X2 (Floating point)

1

Theta Greenwich at start of year.
X3 (Floating point) = celestial longitude of the sun.
. 017202789

i\

X4 (Floating point)

X5 (Floating point) = difference between the longitude of the
sun and argument of perigee of the sun.

X6 (Floating point) = . 0334502.
X7 (Floating point) = .043053055.
X8 (Floating point) = . 43365539,
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2.1 NHOLY, Remove Hollerith Overpunch (Function)
2.2 Purpose

NHOLY is used to remove an overpunched sign and to convert

the argument to the absolute value of the fixed point integer.

2.3 Use
NHOLY (IX)
2. 4 InRut

The argurnent (IX) contains any left justified BCD character

which may include an overpunched sign.

‘ 2.5 Output
NHOLY yields the absolute value of the fixed point integer

contained in the left most BCD character of the original argument.
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3.

.1

PROPR, Properize Argument (Function)
Purpose

PROPR is used to properize an angle, i. e., find the value
of the angle between 0 and 2#. If x is any angle in radians,

PROPR.=[X]w,2“)

Use

PROPR (X)

Input
The angle (X) must be in floating point radians. There is no

restriction on its value.
Qutput

PROPR yields the value of the angle (X) in the range

0 x<2m
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4.2

4, 6

SDAY, Gregorian Date from Smithsonian Day (Subroutine)
Purpose

SDAY is used to convert the Smithsonian day number to

Gregorian day, month, and year.

Use

Call SDAY (SDATE, YEAR, YRDATE, MO, HMO, DATE)

Input

SDATE is the floating point Smithsonian day number. No

further arguments are necessary for entry to the subroutine.

OutEut

Upon exit from the subroutine the arguments represent the

following quantities:

SDATE (Floating point)

1

Smithsonian day number.

YEAR (Floating peint) = year, i.e., 1963
YRDATE  (Floating point) = day number in year.
MO (Fixed point) = month number.
HMO {Alphanumeric) = month (3 BCD characters)
abbreviation, i.e., JAN.
DATE (Floating point) = day number in month.
Formulation
F = Smithsonian day -15018
P
Y % 3g5.25 T 1990
[x] = integer function of x .

A

- [365. 25y +.9]

year day = F - A

If year day < 0, y =y - 1 recompute A and year day.
B =365.25y'+.9-A l

2-4-1
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(
c I= 1if B - 820 (leap year add 1 day)
=0if B ~.8<0
J = year day - 59 - C

If JX 0,h = 30.1; otherwise h =32,3 - C

month = &;%%?Ll + 2
E =[30.6 month - h]
If year day S E subtract 1 from the month and recompute E.

Otherwise day number in month = year day - E,

2-4-2
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5,

5.

5.

5.

.1

2

3

4

5

SHOLY, Restore Hollerith Sign (Function)
Purpose

SHOLY is used to interpret the original overpunched BCD
argument in terms of an algebraic + or -. '
Use

SHOLY (X, Y)

InBut

SHOLY requires two arguments. The first argument (X)is
the overpunched BCD character. The second argument (Y) is the

unsigned value of the first argument (X) in floating point.

Output
SHOLY vyields the sighed floating point value of the second

argument.
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6.4

SMITH, Obtain Theta Greenwich (Function)
Purpose

SMITH is used tc obtain Theta Greenwich in degrees fo: the

start of the year.

Use

SMITH (X)

Input_

The argument (X) is the last digit of the year expressed in

floating point.

OutBut

SMITH vyields the proper Theta Greenwich (X) in degrees.

2-6-1
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7.

7.

7.

7.

.1

2

3

5

UNHOLY, Remove Hollerith Overpunch (Function)
Purpose

UNHOLY is used to remove an overpunched sign and to con-

vert the argument to an unsigned floating point number.
Use
UNHOLY (X)

InEut

The argument (X) contains any left justified BCD character

which may include an overpunched sign.

OutEut

UNHOLY yields the absolute value of the floating point
number contained in the left-most BCD character of the original

argument. UNHOLY uses the function NHOLY.

2-7-1
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8.

YRDAY, Smithsonian Day from Year and Day of Year (Subroutine)

PurEose

YRDAY is used to convert the Gregbrian year, and day

number to Smithsonian day.

Use

Call YRDAY (YRDATE, YEAR, SDATE)

Input
YRDATE is the floating point day number of the year and
YEAR is the floating point year, i.e., 1963,

OutEut

Upon exit from the subroutine the arguments represent the

following quantities:

YRDATE (Floating point) = day number of year.
YEAR (Floating point) = vyear.

SDATE (Floating point) = Smithsonian day.
Formulation

[x] = integer function of x

y = year - 1900

A = [365.25y +.9] .

d = day number of year

c = 15018, Smithsonian day number of January 1, 1900

Smithsonian day = A +d + c.
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9.6

YRMDY, Smithsonian Day from Year, Month, Day (Subroutine)

Pur}_)ose

YRMDY is used to convert the Gregorian year, month, and

day to Smithsonian day.
Use

Call YRMDY (MO, DATE, YEAR, SDATE)

Input

MO is the fixed point integer month number, DATE is the
floating point day number of the month and YEAR is the floating

point year, i.e., 1963.

OutEut

Upon exit from the subroutine the arguments represent the

following quantities:
MO (Fixed point) = month.
DATE (Floating point) = day number of month.
YEAR (Floating point)

year.

SDATE (Floating point) = Smithsonian day.

Formulation

[x]

Yy

integer function of x

year - 1900
m = month of year
d = day of month
A = [365.25y +.9]
B = 365.25y +.9 - [365.25y +.9]
" {: 32.3if B -.82 0 (leap year, add 1 day)
= 31.3ifB -.8< 0
c = 15018, Smithsonian day number of January 1, 1900
Smithsonian day = [30.6m -h] +d+ A +c.

2-9-1
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10. 1 XYZSB, Analytical Integration Routine

This routine was written by Aeronutronic. A complete
description of the subroutine, including equations, appears in the

Aeronutronic Fublication U-1691, pages 4-78.

10. 2 I "nose

XYZSB computes the predicted position, r, and velocity,
r, at some given time, t. The _1\1, 1\_/[_ orbital elements at some epoch

time, to, must be supplied upon entry to the routine (c. f. Fig. 10.1).

10. 3 Calling Sequence
10, 2
TIXZ <20, 2
30, 2
‘ IMP XYzsB
10. 4 Input

Index register two (XR2) must be set equal to 10, 20 or 30
upon entry. The significance of this setting will be explained under

the output section (10.5) and will be referred to as the exit flag.

The following quantities must be available in the indicated

locations upon entry into this routine: (See Assign Table).

Location  Symbol Contents
T t - to Time interval in minutes
since epoch time, ~to
AO a, , Semi-major axis at t0
igee distance at t
QO q, Perigee distance a o
" EO e, Eccentricity at to
'XNO n Mean angular motion at t_

2-10-1
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AXNO a_N

AYNO a N
XNODEO Qo

XLO L
C c!!

' . . !
Components in orbit plane r
at to ofa = eP

Longitude of ascending node
att in radians

Mean longitude at t0 radians

Drag coefficient

XM4CO3  (-4/3)c"

COsl1 cosi = Wz Cosine of the inclination
XKELSO k L
e so
XNX+2 Nz =0
XMX+2 Mz = sini
XKE ke = 0.07436574 a constant

XJGRCF  k_ R Jaez =0.120717 x 10™>, a constant

Index register two (2) must be set equal to 10, 20 or 30 upon entry.

The significance of this setting will be explained below under Output @&

and will be referred to as the exit flag.

10. 5 Output

1. (XR2) =10, 20 or 30

If the exit flag is equal to 10, 20 or 30 the following quantities

are available upon exit from this routine in the indicated locations:

Location Contents Location Contents
A a ESQ e 2
E e XNODE Q (rad)
P P XNODOT Q (rad/min)
RTP Np RTA Na
XN . n

2. (XR2)=30

)
If the exit flag is equal to 20 or 30 the following is also output:' i

2-10-2
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XYZSB

Location Contents
OMGDT @ (rad/min)
OMGAS w (rad)
AXN axN

AYN ayN

3, (XR2)= 30

Location

RTESQ
XL
U

Contents

i-e

L (radj

U (mod 27) (rad)

If the exit flag is equal to 30 the following is also output:

Location Contents
SINO sinQ = N
COSO cosf = Nx
WX w

x
WY w
XMX M

x
XMY

COSEO cos (E + w)
SINEO sin (E + w)
ESINE e sin E
ECOSE e cos E

R T

AR a/r

SINU sinu

COsu cosu

M
DENM (14 f1-) &1-e°

Location

UX
Uy
uz
VX
\'A 4
vz

RDOT
RVDOT
XDOT
YDOT
ZDOT

2-10-3
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N
U

X
u u
Y> -
U

z-d
.V. -~

X
A\ A\
y{  ~
v

Z
x :
Yy r
z

vy
T
rv
x
Y b4
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NORTH
CELESTIAL POLE
A
K
W\
N /
N / /
N
AN
Y
(’4«@ J 7 OBJECT
L
Q ¥ P
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Wolf Research.and Developm: 't Corporation

Elements

Element Card Formats:

All programs accept a standard 7-card element set as input.
The formats for these cards appear on the following pages. Those
columns which are shaded are not used. In all floating point
numbers, the decimal point may be placed anywhere in the field.
Numbers requiring an exponent indicator such as Ca' da’ and .

must be in one of the following formats:

{+

. DDDDDDDDE + XX

|+

. DDDDDDDDAA + X
+ .DDDDDDDD + XXX

All programs except ASUM, SSUM, ISUM, PSR, and RESPLT
will also accept a 6-card element set. Fields which differ from those

of the 7-card element set are noted in the rightmost column of the card

format description.
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Elements

Wolf Research and Development Corporation

Element Card (1 of 7)

22222222122
33333333122
adad4a4 44
55555555598
666666606668\
IR RRRERENN
ssosdostes

99!999!!!9!!Sﬂﬂ9!999999!9!93P999999!99!!9
i ANNRBAUBHIARBHLOUS

NAVAXRIBINIQO

LR LK Y )

4 9 6 1
0000000000 “ﬂﬂﬂﬂﬂﬂﬂoooﬂ000U00000000001000000000000000 0
st ZAKIS MO MANBAUAANNRDUERTANNN QB USRI NI 2N HUERTNRRA QN
IBRERRRRRE] IRRRRR R AR R R R R RN IR R REER R AR RN 1

QZ2222222222222522221222222222222222522227 \\
33333333333333(32333333333333{3333333333333
A4 4444444440444 400444044404J0440440304444
N5 S555555555555(55565555555555(55555555555535
P\NN6 66 666666666666666666666660666666666666666
TTI17771 100000 1101011110111 111 141111111
R R R R R R R R R IR R R R RN R RN R R RN RERERRERARY)

Columns 7-Card Element Set
1-3 Satellite Number, Right
Justified
4.6 Element Set Number, Right
_ Justified
8 Card Number =1
9-18 Satellite Name, Alpha-
numeric
23-36 " Epoch Revolution Number,
(No), Right Justified
37-50 Eccentricity, (e)
51-64 Inclination, (i)
80 Card Type = E

Element Card (1 of 7)

3-1-2

6-Card Element Set

Same
Same

Same

Same,except in Col. 9-20
Same

Same
Same
Blank

W

-



Wolf Research and Development Corporation o Elements

. Element Card (2 of 7)
1213 4 5 6 [§ 8
00000&00000 0000000000000/0000 00000000000000
123458 BES 10 112N T 0252621 282930 31 32 33 34 35 3837 X 9. 51 52 53 54 55 56 57 58 19 60 61 82 63
Yllll\ll”l IRRAREREEREERRRIIREE! AR R EEREERRR NI
222221.%2122? 222222222222222222 22222222222222)8%
333333\33333 $J33333333333333/31333 3‘3333333333333
44404 4%44444 444444444444 4804448 Q4440444400044
555(555 5555 55555555555555/5555 \ 55555555555555
556866 6|6 666 66666666666666/6666 \N66666E6E66666666
1T TINNYT T 1777111111111 1107 J 77‘777/77777717
§88(888/R888838 88888888888888/8888 BGHGHIBSUHB
999(9938 9 99 9!9!99999999999399 9999989998989 g}
1214535 He1an J \ N UBNANINRNASHNNN ¢ MI2SINSSSHSTSI WS 262
VORLEY 5081
Field Columns 7-Card Element Set 6-Card Element Set
1 1-3 Satellite Number, Right Same
Justified
2 4-6 Element Set Number, Right Same
Justified
3 8 Card Number = 2 Same
9-12 Epoch Year Same
5 23-36 ‘ Epoch Time, (T ), in Days Same
of Year
37-40 Not Used Epoch Year of Decay
51-64 Mean Orbital Longitude, Epoch Time of Decay in Days
(Lo), in.Degrees of Year
8 80 : Card Type = E Blank

Element Card (2 of 7)

3-1-3
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Wolf Research and Development Corporation

Element Card (3 of 7)

-

RLEY 5081

1

1[2]8 4 5 L 6 7 8
000000 0]“00000‘0000000000‘00000000000000'000010‘0000000000000000000 \| 0
1234568 a!unlz-:lnsunuuzzlzzz:znszulzlnnalaznuﬁs 37 M 9041 42 43 44 45 48 47 43 49 50051 52 53 54 5556 5756 S 60 61 2 83 \J 2! 0
ERRIIAR! EENERREREE R R R R AR AR R AR AR R R R R RN R I AR RN RRER RN 1
MZZMEZMZHZHZ22222222222222222222222222222222222222222222222 ?
333333\33333333333333333'3333333333333333333333333333333333333‘333 3
4444“}\4644444444444444“44444HHJ4_444“44444““4““44“44“4 [
555/55508i5/55555555555555/55555555555555|55555555556555(555565555555535 5
666/66606\6/66665666666666(66666666666666/666666666666456{656666E6666666686 [}
111 1‘77777771777777777177777717711177771777777777777/17777717 A 1
[ X} glessssassnssnnessssnssnssagsinssssssagasssesssssnsasssss '\‘ [
9999 8009985999999009990998888088800900880083aasadpsiaiiiNiaig :

Field Columns 7-Card Element Set
1 1-3 Satellite Number, Right
Justified
2 4-6 Element Set Number, Right
Justified
3 8 Card Number = 3
9-22 Anomalistic Period at
Epoch, (Pa)’ in Days/ Rev.
5 23-36 Right Ascension of Ascending
Node at To" (Qo), in Degrees
6 37-50 Argument of Perigee at T ,
(00), in Degrees -
7 51-64 Perigee Distance, (Qo) in
‘ Earth Radii
8 80 Card Type = E

EFlement Card (3 of 7)

3-1-4

6-Card Element Set

Same
Same

Same
Nodal Period at Epoch, (Pn)

Same
Same

Same

Blank
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Wolf Research and Development Corporation Elements

‘ ' Element Card (4 of 7)
L1213 4 ] 6 1 8
00000000 0.0000000000000D000D0000000(00000000000000[00000000000000 \0
123458 SIS0 2B I4ISIIT I8N 2RPIN %2/ 2829031320 HI5SHBPRINVRAN 20 MBS KATRMBI52I45RTNNNNROH J 0
NIRRT I AREEEAR AR R R R R R R R R R R R R RRR SRR RRERRRRRRR R R R !
2221221% 2122?ZZ2222222222222222222222222222222‘2222222222222222272 ?
333333 3333‘33333533‘333333333333333333333‘333‘333333333333333333333 3
A4 aaleleaaaaa adaa i ajdaaaadatiaqaaidaaattaadaddiaaiqadiaisdiay )
555/5558]5/55555555555555(55555555555555(555555555555855)555555555558585 5
666666 556565555866‘555666666585566685655568655566856686555655665 6
Tin11 7;17777777777777777777777777777777777717777777777177'.'77777 h 1
saalsaalalalssnsassssoasBaisass80ee288338(8888088860888888883088088888 8
950/999MN9|86999999999993{9993989 9‘999999139999999 9999(99999999998999 9
1234 S SANS{s 0N 2UHUISHITNIAADBUIB 270290 23MUISBNADVGQLULKTEN 5871 52 53 54 &5 56 57 56 50 W0 61 42 03 o4 N0
e MORLEY 5031 .
Field Columns 7-Card Element Set 6-Card Element Set
1 1-3 Satellite Number, Right Same
Justified
2 4-6 Element Set Number, Right Same
Justified
3 8 Card Number = 4 Same
4 9-22 Rate of Change of P_, (Ca)’ Rate of Change of P, (c_),
in Days/( Rev) 2 + D. DDDDDDDE- n
+ . DDDDDDDDE-XX
5 23-36 First Derivative with Respect Same
to Time of Right Agcension of
Ascending Node, (), in
Deg/ Day .
6 37-50 First Derivative with Respect Same

~ to Time of the Argument of
Perigee, (a ) in Deg/ Day

7 51-64 Not Used First Derivative with Respect
to Time of Perigee Distance
(Qo), + D. DDDDDDDE-XX

" 8 80 Card Type = E Blank

Element Card (4 of 7)
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Wolf Research and Development Corporation

Element Card (5 of 7)

1273 4 S 6 1 ‘ 8
]
000/00000100000000000000[000000000000600/00000000000000/00000000000020 0 N 0
ili‘sl\‘llIOHII'JlJlSlCI"lIIlDZI221!24252‘2!2!2!”1!JZﬂlQSINIJQO‘Illﬂ“liﬁﬂ““.’:ﬂ‘ﬁl52535‘”5‘57“9“.]““ JAZ. »
llllil\llllllllllllill1|11ll111llllllllllllliilllllllllll'iiilil 1
22222Ax2122?2222222222222222222222227222222222222222222222222272 ?
333333\333333333333333333333333333333333333333333333333333333333 3
444444%44‘4444444444&4444444444444‘414‘44‘4‘444‘444444444‘444444 ,
555555}55555555555555555555555555555555555555555555555555555555 5
666/666M\6/656566666666666666666666AR666(666606666666066666666€E66666668 6
(R R R\ R R ER R R R AR R R R R R R R R R R A R R iR R AR R R RN IR R R RN N R RN ] 1
$88(8889/8/808888888883808/8883888880888808/838888880888388/8088388888388¢88 8
9991999 9?99999999999999999 999999999999 49999999 439999 989999999 ]
12458 lnizvnsl(:llllﬂl(ﬂﬂﬂll‘lﬂﬂuﬂﬂ252611202’33132 BUHBIRNI NN MO HUERT Y MERE R R R X FIN-4 880
¢
Field Columns 7-Card Element Set 6-Card Element Set
1 1-3 Satellite Number, Right Same
Justified
2 4-6 Element Set Number, Right Same
Justified
3 8 Card Number = 5 Same
9-22 Rate of Chang% of ¢ a’ (d ), Second Derivative with Respect
in Days/{Rev )*, to Time of the Rate of Change of
t D. DDDDDDDDE-XX Pn' c'n), + D. DDDDDDDE-XX
5 23-36 Not Used One-Half of Second Derivative
with Respect to Time of RA o’
(1/2 RA ), + D. DDDDDDDE.- XX
6 37-50 Not Used One-Half of Second Derivative
with Respect to Time of w o’
(1/2 w ) +D. DDDDDDDE 2 XX
7 51-64 Not Used One- Half of Second Derivative
with Respect to Time of Q,,
(/2 Q o) 1D DDDDDDDE- XX
8 80 Card Type = E Blank

Element Card (5 of 7)
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Wolf Research and Deveiopment Corporation

Elements

Element Card (6 of 7)

00000000000000

TN RAWIS I W22
IRENEERRERRRRR]

21422222222222122

3333333333333

00000000000000
(RERESRRRRRREN}
2222222222221212
3333333333333

CAAAR 4444440000440 44040404 04

55555555555855
66666566666666%6
TIMTYITIIIIIN

55555555555555
66666666666666
1111111111 17

83383088838884888/8883888888888838

9|99 959 9991999
RNU N

28n 2'1 2l %

E-

NDUBBUBANNNNNDHISBIT RN L2LBUEH04 0

ouooooooonuou#
REERRRERRARER
22222222222222
3%333333333333
YYYIRIRRRRLRY
555555555565565
66666666666666
111117111111711

888388888888868,

3 UAHI‘J“L‘H‘“C

9949999999999

00000000000000
SELEEPEETY T

IR RRRRRRREREEI
222222222222122
3333333333331
LA44444404440449%
5555555555555§
6666666666666 6
711111111111
l!ﬂ&dﬂﬁﬂ!ll!lﬂ

9999999999999

M R2NUSUITHNWUIRE

0
03
1

Field Columns 7-Card Element Set 6-Card Element Set
1 1-3 Satellite Number, Right Same
Justified
2 4-6 FElement Set Number, Right Same
i Justified
3 8 Card Number = 6 Same
9-22 Semi-Major Axis, (a), Limit of AT
in Earth Radii n
5 23-36 Nodal Period at Epoch, (P ), Limit of AR.An in Columns 23-32
in Days/Rev. Limit of AH in Columns 33-36
6 37-50 Rate of Change of P, (e ) Standard Briglitness
- in Days [ Rev )? ‘ ’
+ . DDDDDDDDE-XX
7 51-64 Not Used Phase Angle Coefficient
30 Card Type = E Blank

Element Card (6 of 7)

3-1-7




Elements Wolf Research and Development Corporation
Element Card (7 of 7) ‘}

) 4 o 6 1 8 9 i0

A

i 11‘||11|1‘1|||||‘|||l|l||111lll||ll||‘,1,”‘11‘1

222)221% 222222202222222022222222222222(22222222{222221222

333333 21%3333333(3333333(33333333333333(33333333/133333333

44444 4444‘444‘44“4‘44444444444444‘444444444“444

§55/565 5555555/55565555/55555555555555/95555555/55555555

S66(6660416/%06%6%960090% 66666666666666/6666666666666666666E6666666666

1711111 AR RRREIIARRRREIIAREERRERERR R RN DR RENIIENRRENE)

$88/388 8388888/6880080(8808088888888888/68888888888888¢88

s AN TETITE TPTITE YPTTIVETIT TETRPTTET

Element Set Number, Right Justified

Initial Revolution Number, (Ni)’ Right Justified
Final Revolution Number, (Nf), Right Justified
Bulletin Expiration Time in YMMDDHHMMSS. SS,

Root Mean Square of Error, in Kilometers, (RMS)

Number of Observations Used to Determine RMS

i = Do not correct i

Field Columns 7-Card Element Set
1 1-3 Satellite Number, Right Justified
2 4-6
3 8 Card Number = 7
4 23-29
5 30-36
6 37-50
Decimal Point in Column 48
51-58
59-66
9 67 i-Stop { Blank = Correct i
10 80 Card Type = E

- Element Card (7 of 7)

3-1-8



Wolf Research and Development Corporation Sensor

. Station or Sensor Card
' ioo%nooioosoooona‘:agnS 6718 g lopniz) 13 . \’ 5
0000{000000000000000/000000,00000j0000J00000000000000000000(00/0{0-0000000000000, 00
123 405 8 7 8910111213 14 1516 1718 19120 21 2223 24 2528127 28 29 3021 32 33 3435 36[37 30 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 36|57 56 54 50 61 82 83 64 65 8 67 4 88 70 71 7 LY
lllllllllll1l!l|lllllllllﬂl|1lilll1lllllllllllllllllIIIII'IIIIIIIIIHIII Hb
2222122222221122222221222222(212222(2222)22|1222222222222222222(22)2]2242222222222222 2|2
3333|3333333(333333331333333(313333/13333133|13333333333333333331333(343333333333133 3|3
44444444“444444444444444‘4444‘444‘4444444444444444444‘44444144‘44441444‘4 4
5555‘5555555555555555555555‘55555‘55555555555‘55555555555555555‘5555555555555 5/5
6666(6666666686666666/6666606({66666(6666/66666666666666660686606(6C6{66665566666686065H 6(6
1IN rIInII I I I 1111111111 I 111111117111 11 17
83883833830888858308880883888888380388088888888808838880080860880‘8888888 8j8
993995998899 999999999994999999999999999999999999399949949 9999999399999 ?JS
1:1l‘a‘sL;R:iywbl;IlZIJNl‘liﬂlll2021222]24 2027 28 29 3031 32 30 34135 26[37 30 39 40 41 42 43 44 45 45 47 40 49 50 71 52 53 5455 S{57|50 MO0 1 €263 M 4508 07 6908 70 T1 1A 80
. Field No. Columns Description
1-4 Sensor Number
2 5-11 ¢0<+ N )— Latitude(Assumed Decimal Between Cols. 7-8)
' -S
3 12-19 X°<+ W)— Longitude (Assumed Decimal Between Cols. 15-16)
_ - E .
4 20-25% H (meters) - Altitude (Assumed Decimal After Col.25)
5 26 Classification
6 27-30 Sensor Type
7 31-34 Previous Sensor Number
8 35-36 Number Within Sensor Complex
9 37-54 Name .
! 10 55-56 Equipment type
11 57 Continent
12 58-59 Country or State
13 60-72 Comments
14 79 Look Angle Coordinate Indicator
‘ 15 80 Card Type (code type = S Punch 0, 2)

Station or Sensor Card

3-2-1



(€ 30 | 440d) pIDD UCHDAIISGD

Observation

“U014D1D0isy {10d9y Ul PIUILLIRIBP SO SAYDIG UONOIDOESY iy of Buip103o0 papod - | ‘umourun subew  “ad4y proD

08 8l
woysds jpauow Aq pasn JoiDPUl YIHIMG &L Zl
NODUO £q pauBisso so ‘Jaquinu UOHDAIGO) 8/-€L 9l
(prD uoyoOAIRSGQ 30 £ 1ind 99g) xouinby oL st
iaquiu sbossoyy 69-99 r
JIquinu aut| Jo Abg g9 €t
[oAIju] aw) ) £9-29 (24}
q 5 9]
19 Puo 09 usamidqg julod [pwidep Wim ‘Aouanbasy Iy upuod £9-4S sseuIYeLIq wouuIW 19-09 i
$12}W U] UOIDPS S50ID JOPDI I UIDUOD /C-CC ssoujybliq wnw oW 65-86 i -
:sUWN{O2 Uwy ‘Ydund SNUIW D SUIDJUOD GG LWIN|OD LAY,
Wi UOLDAIFSGO 40 ssausyBlig £8-6S 241
*131ys A3uanbayy wnwixow st [ p|aYy suoswyound | {p| Pialy U1 9401 3BuDa suosw @dnds Jo Yound ez s I
*$G uwinjos uy yound uo Bujpuadap puodss Jad $91945 Ul 1ys Aousnbauy wnwixow o {puedas Jad sidjewo|1y Ul ‘a4pa aBudy £5-Gp oL
s19jwio| 1y Ul ‘abuci yuo|g 8¢ 6
-UCISURSSD JB1J PUD UOLDUIIP 310 g PUD £ SPIRYY SUDSW Younds3a0 shuy  * 1€ UWINjos uf YoUndiaAo sNUIW — 1o+ D|qissod YIM UOISUANED JYBLI O YINWIZY 7e-1¢ 8
g vwajos ul yound uo Buipuedap ‘ucijoul|sep Jo UOHDAR]G 0£-5Z ya
(2) sy ¥Z-9L 9
?0q Si-ut S
(PIRD UCHDAIRGQ 4O 7 1104 99G) YiBuas [oubts jo AopInooy ot 14
s soGUINU uoLoig 6-9 €
m ad4; susuwdinby S-¥ 4
nwm *PIMO||D jou o uvsoc:m._o>o.m Lom. “PRAJISIO[2 51 UOHDAIBEGO SIY Ji YOUNISAC SNUIW B SUIDIUOD | UWN|OD JIQUNU 41|40 -1 L
m SNWNI0D aaid
m -
a - -
o elsc[od]os] wa_n»_!. eifzd]1afo .S_S“:.T sopes IT: _r _STM_‘!.“ " M T o8 Q_Q_Hvﬁow_rn'ov n'Tv_ﬂov_nn_on BTn_nn_ch\nTTn U_-u“u_:“ﬂ_nu iﬂm_uu_ﬁﬁ—a_xﬁ._T_T a._!_a_n_x—__ o1 nﬁﬁ_ ofe[y nT i
S [ ™ ‘.o!xxxx.x.xxmu.uuuouuuuux.xxxxxm.nn:;xhnoon.aannm.ma:lxsno:l»
a4 3|2 g N TN | o [ | 3 || 0as /0 sawsnzuaew | IO | NOISNIIEY 1uD(-)]  NOLLYNITISUG) (213a1 ava (3] w0 o
o L8 Y3ONAN g uaewan |l P s T T ) HEREERERIEEREE] Gooooo0alo aaaad v
5 ST Mouwmeasw | FVESN v 34NLINOYN S w.:nwuneﬁ.qu_ﬁ H1nmzY NOLIVAZ3 (F) .
5 oo si st v G z m o1 G g z s s v 3 z [
= [aEIP]
o
2
o
o
=
o
=

3-3-1



Observation Wolf Research and Development Corporation

COLUMN 10 (ACCURACY)

Either accuracy or signal strength may be indicated in column 10,

coded according to the following:

If Type, in columns 4 and 5, is 31 or greater, column 10 contains
signal strength. If Type is 30 orless, column 10 contains accuracy.

Code Figure Accuracy Signal
0 Normal observations made under Signal strength good,
fair conditions. reliable measurement.
1 Observations slightly under par due Signal fair.

to outside interference (e.g. some
clouds, reduced visibility).

2 Observations only poor due to Signal weak, results
outside interference. poor.
3 Only estimates possible {malfunction  Signal questicnable.

of instrument, observation time span
too short).

4 Doubtful observation, unable to
verify either object or instrument
behavior. Observations should be
considered only as tentative.

COLUMNS 55 - 63 (CROSS SECTION-FREQUENCY/ MAGNITUDE)

The block containing columns 55 through 63 is a dual purpose block

where cross section and frequency, or magnitude and time interval are
indicated. In order to specify cross section and frequency, a minus is
used in column 58. No sign is used in column 58 when this block contains
magnitude and time interval.

A. Cross section, given in square meters, is listed in columns 55

through 57. To indicate less than one square meter cross section,
use appropriate numbers and a minus in column 55 thus in effect
putting a decimal point before column 55. For larger valueswhere
three digits would not be sufficient, use a plus in column 55 to
represent ten times the indicated value (adding a zero to the value
listed).

Frequency in megacycles, is listed in columns 58 through 63 with
the decimal point understood to be located between columns 60 and
61. In rare cases it might be desirable to increase the range of
frequency given either side of the decimal point. To do this, use
a minus in column 63 to move the point one place to the left, or a
plus in column 63 to move the point one place to the right.

Observation Card (Part 2 of 3)

3-3-2
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Wolf Research and Development Corporation Observation

COLUMN 70 (EQUINOX)

Column 70 contains year of Equinox as specified by the following:

year of date
= 1900
= 1920
= 1950
=1975.
2000
= 1850
= 1855
= 1875
= 1960

O 0 90N vV = O
n

Observation Card (Part 3 of 3)
3-3-3



Wolf Research and Development Corporation ) Schedule ID

0
2
1
2222122
3333313133
4444444
55555555

§C666665
1717111111

Field Cols.

1-8 70ASCHTP
9 11, 8, 2 punched
10-80 Blank

First Card of Schedule Tape Input Deck

‘ Schedule Tape ID Card

3-4-1



JOB Wolf Research and Development Corporation.

[ 5

0000000000000000

ERFEFEERFEF EEETIR T
IARARERERERRRRREEN)

2222222222222222
33333333333331333
4444044400440
555565555553555%
6666666666E66666

et e e

Field  Cols.
1 1-16 Blank
2 17 -19 Job
3 20-24 Blank
4 25 - 40 Comments
5 41 - 80 Blank

First Card of Each Job Deck

JOB Card

3-4-2



Wolf Research and Development Corporation REM

! 2] 3 4 5

dooo f\%oouaunonnonoonun
118 10 DAYPBRAIBNNBULRNITINNN
ACIRERRERRRERREREE
2222222222222222{
3333333333333333
IYRYTRRYRRRRRILY
5555555555555555F\
6666666666666666[5

1117111711711 117

Field Cols.

1 116 Blank

2 17-19 REM

3 20-24 Blank

4 25 -40 Comments

5 41 - 80 Blank

Optional Comment Card
‘ REM Card

3-4-3



SPSJOB

Wolf Research and Development Corporation

¢

/

2

3

4 5

123456728

00000000?000000000000000000000000000000000000000000000000000000000000000
SNBSS N[N0 2B AR YNNI BN R NUB R TN BONLBHERISND I RIHSUTRARNICRUGSRTONNT T2
RR R R R A R R R R R R R R R R AR R R R R R R R R R R R R R R R R R R R R R R R R R RR R B
22222:220222222222)222222%22222222222222222222222222122222222222222222222122

3323333313333333333)33333333333333333333233333333333333333333333333333331333

9999899918
123456 78|s
L

IOALE

5081

GA444A 4400440044008 40 444404444044 44 044444440044 04804000400008000000004 04
5555555555555555555555555555555555555555555555555555555555555555555555555
66666666/6666666666666666666666666666660666666666660666666E6666666666666666(6'%
MITNIIIMTINIT I I 171111 0091181111011 0117017710 0172711711711111111)
tssdssaselpnsesasssesssapsasssnsaneaaaaseanneasasansasnnatonasaatansantsst
999999(99/999999999999899

9 ]
WIHZIBHBBIT IR N 2 DU NININRNNIG
Y

9999999999999999999 999999999999999
ANNXONRGBHUBBTNN »n

9999
M5 2535055 55T 0 %00 61 6263 0408 08 67 08 8 70 71 12 [aN¢

Cols.

Field
1-8
9-16
17
18
4 17=-72
73 - 80

SPSIOBA A, Left Justified
Program ID, Left Justified
Input Option .

} See Option Table
Output Option
Comments T

Blank

Used with Schedule Tape Mode Programs
See Operating Summary Table for List of SPSJOB Cards

0

SPSJOB Card

3-4-4



Wolf Research and Development Corporation END CASE

222222224
313333333
TYRYRYY
55555555
$GE66666
1111711
TILYEEY)

Field Cols.
1 1-8 ENDA CASE
2 9 11, 8,2 Punched
3 10 - 80 Blank

Used with Schedule Tape Mode Programs

‘ END CASE Card

3-4-5.



RUN Wolf Research and Development Corporation

) 2 4 5 6

171818

IRREER RN RREN

0 }\moouuooohoouu
¥ 62/ 2930 31 2B3IMI %I
1

2R1R222222222222
3933333333133333

-

HA4daad44pasiy

\x}\\sssssssssssss

BBREE6666666666666

7 7%777‘7777777777

Field Cols.
1 1-16 Blank
2 17-19 RUN
3 20-24 Blank
4 25 - 32 Program ID, 8 Characters or Less - next field
may follow directly
5 33-37 , DATA if Data Follows
6 38-80 Blank

Used to Run Manual Schedule Tape Mode Programs

See Operating Summary Table for List of RUN Cards

RUN Card
3~4-6



Wolf Research and Development Corporation

END DATA

Field Cols.
o t- 16 Blank
17-23 ENDDATA
24 - 80 Blank

Required if RUN Card Used

END DATA Card
3-4-7



END OF JOB Wolf Research and Development Corporation

«

f 2 3

ogooooo0o0
123456718
ittt
22222421
33333333
4044441
55555558
66666666

171117111

88288838

99999998
V2345818
Ll

Field Cols.
1-8 ENDOFJOB
2 9 11,8, 2 Punched
3 10 - 80~ "Blank e TR

Required to Terminate Each Job Deck

END OF JOB Card

3-4-8



Wolf Research and Development Corporation Schedule END

/

I 4

peoo
214
[REN!

0
[
1

-
- - e

.

22222722
333331333
4440400
5555555¢
666666686
171171117
sessatee

’ Field

Cols.
1-8 ENDSCHED
9 11, 8, 2 punched I

10 -80 Blank

Last Card of Schedule Tape Input Deck

Schedule Tape END Card
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Wolf Research and Development Corporation IOPS AND PROC

‘ IOPS AND PROC

ERROR PROCEDURES AND COMMENTS

Irrecoverable Errors:

1) IRRECOV ERROR
2) PROGRAM ERR PROC (See PROC ERRORS Table)
3) PROGRAM ERR IOPS (See IOPS ERRORS Table)

Irrecoverable errors comments are accompanied by a typeout of the contents
of the A register and Q register:

AREG =

Q REG =

The program will then jump to location 3.*

.‘ Recoverable Errors:
1) PARSPROC ERR Sprocket or parity error
2) Si, S2 ERR Start or end block sentinal error
3) RING TAPEXX No write ring on unit XX
4) LOCAL TAPEXX Tape unit XX not available
5) NO TAPE XX Rewind issued - tape not available

Recoverable errors are accompanied by the STOP-GO option, wherein the
operator may retry the job by typing GO or may type STOP to effect a jump
to location 3.*

* Location 3 will generally cause the typeout of the Flexo comment:
SUBROUTINE ERROR EXIT FROM OCTAL XXXXX, LOAD
COMPACT INTO UPPER CORE AND TAKE DUMP.

Following the message, a stop or go loop controls the console such that if

STOP is typed the message will be repeated. Typing GO returns control

to the executive program terminating the job. If possible, a dump should
‘ always be taken.
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Wolf Research and Development Corporation

|OPS ERRORS

¢

A REG Q REG MEANING
I/l : Unit Attempt to use a tape which has not been
TI5 or T23 defined in the IOUNITS statement
2/ Unit Attempt to read a tape described in
T15 or T23 the IOUNITS statement as "Write
Only".
3/ Unit
TI5 or T23 Attempt to write on a tape described’
in the IOUNITS as "Read
Only".}

4/l Attempt to read from a binary tape
more words than there are in the
record.

5/ The-checksum of the blocks after

reading does not equal the checksum .
written with the block. This is
applicable to binary tape only.

6/

Attempt to store, for printing, more
than 120 printable characters for a
given line.

7/l

Attempt to read from a binary tape
which is not in the correct format.

8/l

The program was run even though an
error occurred at compilation time.

9/l

Probably machine error; or the
program has destroyed some |0PS
coding (2GNC).

10/1

More characters are requested from

a card than were described in the

record size parameter in the
IOUNITS statement,
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IOPS Errors

W

Same as 9/1. (BIWTR)

12/1

Last character
processed T5

Illegal character or illegal
exponent field in floating to
floating (E) input conversation.

13/1

Last character
processed T5

Illegal character or illegal
exponent field in fixed decimal
to floating (F) input conversion.

14/1

Last character
processed T5

lllegal character in fixed decimal
to integer (D) input conversion.

15/1

Last character
processed T5

illegal character or exponent field
in integer to integer (I) input

_ conversion.

16/1

Rewind order to a unit defined as
paper tape.

4-2-3



PROC Errors

Wolf Research and Development Corporation

PROC ERRORS

A REG= Q REG = Meaning

Zeros Location of macro-instruc- List full
tion in left address

Location of Normal exit of check Not in list

macro~instruc-
tion being checked
in left address;

1/1T47 (D/1)

macro-instruction in
left address

Location of
macro-instruction
being checked in
left address; 1/1T46

(0/2)

Normal exit of check
macro-instruction in
left address

Checking non- magnetic
tape order with magnetic
tape check macro-
instruction

Location of
macro-instruction
being checked in
left address; |/1T 45

(D/4)

Normal exit of check
macro-instruction in
left address

Checking too much
(B= NBP of original ‘
order.) ‘

Location of
macro-instruction
being checked in
left address; |/1T43
(D/16)

Normal exit of check
macro-instruction in
left address

Checking out of
sequence

Unit #T23; 1/1141
(D/64)

Locaiion of macro- instruc-
tion being checked in left
address

Write or read only
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SPSJOB Option Table

SPSJOB OPTION TABLE

PSR:
SPSJOB PSR (I) (O)
() : Col.17
0 = Parameter Cards
(O): Col.18
0 = Print (D.S. 1) and punch paper tape (D.S. 4)
1 = Printonly (D.S.1)
RESPLT:
SPSJOB RESPLT (I) (O)
(): Col.17
0 = Observation Cards
} = Observation and Element Cards
2 = Observation and Element Number Cards
3 = Observation and Sensor Cards
4 = Cbservation, Element, and Sensor Cards
5 = Observation, Element Number, and Sensor Cards
(O): Col.18
0 = Print (D.S.1) and punch cards (D.S.2)
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System Operating Modes

SYSTEM OPERATING MODES

The definition of terms as used in the descriptions included in the

Input-Output section under Input Deck are as follows:

A,

Schedule Tape Mode

This term implies that the program is completely SPS system
oriented. The assign deck listed in the Assign Table has been
used to bind the program to the system. An SPSJOB card must
be used to call the program from the system library tape. All
elements, observations, sensors, as well as the parameter
cards are broughtin by the executive routine after consulting
the input-output options contained on the SPSJOB card and an
internal Job Table. Only system supplied routines are used

in the execution of input-output requirements. Upon completion
the program will exit to the system location called‘EXEND.

Toggle 24 must be on and 1-23 off to run under this mode.

Manual Schedule Tape Mode

The programs of this type require a RUN card to call the pro-
gram from the system librarytape. If data follows, it will be
moved to logical tape zero (0) by the executive program. The
program will read data from this tape.

PROC and IOPS, which are supplied at compilation time by the
ALTAC compiler, are, with few exceptions, the input-output
routines used. These input-output routines have been modified
and are interruptable by the real-time devices available. Vari-
able formatting of input-output requests, as used in FORTRAN
and ALTAC, as well as Macro capabilities, have beer maintained .
as a result of the moedifications made.

The system assign deck is not used and the program contains the
minimum amount of information required to bind it to the system.
Upon completion of the program a return is made to the location
called MANEXIT,

Toggle 24 must be on and 1-23 off to run under this mode.
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SCHEDULE TAPE FORMAT (‘*
>
704SCHTP Card
Each new job deck starts at the beginning
Fillers of a block, to simplify interrupt.
[}
)
JOB Card
REM Card
SPSJOB Card
2. . Doto
Doato
3
END CASE Cord Blocks 2-6 show the layout of an SPSJOB
> run in Schedule Tape Mode.
Fillers
4
Dato
5
END CASE Cord ,
ENDOFJOB Card (:
[ Fillers
-~
JOB Cord : .
RUN Card Block 7 shows a job run under the Manual
ENDOFJOB Cord Schedule Tape Mode, without data.
7 Fillers
JOB Cord b}
RUN NAME,DATA Card
Data Blocks 8-9 show a job run under the Manual
8 $ Schedule Tape Mode, with data.
Data
ENDDATA Card
9 ENDOFJOB Cord J
ENDSCHED Card
Fillers

Fig. 5.0 ¢
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PSR

PSR

(Postion Situation Report (SITRPT) )

INPUT DECK: Schedule Tape Mode

SPSJOB card required with the following

options available:

a)

b)

" INPUT DATA: 1)
2)

3)

Input options (col. 17)

0 = parameter cards

Output option (col. 18)

0 = teletype output required
1 = inhibit teletype output
SEAI tape

First parameter card is a request card

(P in col. 80). See layout.

Up to eleven parameter cards (P in col. 80)
which will be treated as comment cards for

Part I of Satellite Situation Report.

OUTPUT: Logical tape 11 contains:

1)

2)
3)

4)

Position Situation Report if option zero

requested.
Satellite Situation Report if option one requested.
Both if option two requested.

Teletype output if indicated on SPSJOB card.
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1111

5% 5555555 A
666665655

0 8 &8 \
9 9 9 23'!.9
Field Cols
1 1 Output Option
0 Position situation Report
1 Satellite Situation Report (‘
2 Both Reports >
2 2-3 Hour at Which Report Supplies Position
3 4-5 Minutes at Which Report Supplies Position
4 6 Z Punch
5 9-10 Day of Month at Which Report Supplies Position
6 12-14 First Three Letters of Month
7 16-19 First Three Letters of Month
8 23 Satellite Situation Report Output Code:
Blank or 0 Suppress Print of Debris
1 Print All Satellites
9 24 Position Situation Report Output Code:
Blank or 0 Perigee and Apogee in statute miles.
1 Perigee and Apogee in Kilometers

10 80 P Punch

Request Card

PSR | ‘}
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REDUCT

REDUCT

" (Nodal Crossing Reduction)

INPUT DECK: Manual Schedule Tape Mode

INPUT DATA:

The first card of the input data is an option

switch card controlling the processifig and the output.

This card is followed by the standard element sets,

station cards (if any), and observation cards, with each

group preceded by a lead card.

The deck should be in the following order:

1. Option Switch card:

Col. 1:

Col. 3:

.ﬁ Col. 8:

Col. 9:

Col.10:

a numeric punch (1-9) will cause

the Station Tape(logical?7) to be
inhibited.

a numeric punch, (1) inhibits the
interim tape (logical 8), (2) eliminates
tolerance limit tests.

a numeric punch causes all observations

-£0 be treated as unknowns, reducing

all against the available element

sets.

a numeric punch modifies headings,
spacings, and format length to allow
subsequent processing by TELTYP to
obtain output for teletype transmission.
anumeric punch eliminates a re~-reduction
of unknown obs. which have remained
untagged after a reduction against the
selected tolerance limits. If the re-
reduction is not eliminated, the untagged
obs., which have been written out on the
interim tape, are tested against open
tolerance limits (At=99.0 days, ARA=
15.0 degrees, Ah = 99999. 0 kilometers).
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()

Col.11: a numeric punch directs the program
to use the perigee distance (q term)
of the element cards. If this term is
not used,perigee distance will be com-

puted by the formula: q = a (1-¢).

Element lead card: a 7 punch in col. 8.
Standard 6 or 7 card element sets (up to 250).
Station lead card: a 9 punch in col. 8.

Standard station cards (up to 750). *

o W

Observation lead card: and 8 punch in col. 8 with
sk
the tolerance limit key punched in col. 7: ‘

Tolerance Table
Col.7 | At,in ARA, in AH, in
days degs. ‘ kms,
0 or blank| .002 20.0 200 (’:
| 1.0 5.0 500 ‘
2 . 003 360.0 10000
3 . 002 360. 0 10000
4 .001 | 360.0 10000
5 . 003 5.0 300
6 . 05 2.5 200

7. Observation cards (any number).
8. A blank card to terminate the preceding group.

group of observation cards.
9. End of input card: a 9 punch in col. 79.

The Station Tape (logical 7) may be used in place of, or in
addition to, the card groups 4 and 5.

Observation lead cards (any number) may be inserted to vary
the tolerance iimits applied to the reduction of the following

observation cards.

Y [
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.‘ OUTPUT:

Output begins with the satellite inventory. Seven groups, composed

of satellite number and element number, are printed per line.

The next output is the satellite number (first line), selected elements
(two lines), and the tolerance limits used in the observation output following
(one line).

Observation output will occur in one of three formats, depending on

which partof the program has done the reduction, as in the following table:

General Reduction Output:

ID = 16 digit observation identification number comprised of the
satellite number, the last digit of year of observation, month
day, hour, minute, seconds, and hundreths of séconds.

N = Epoch revolution number
U = Argument of latitude of satellite in orbit plane
T SUB N = Computed time of nodal crossing
,. DELTA T = Time residual in days (difference between predicted and observed)
gl PHI § = Computed latitude of subsatellite point
1. s = Longitude of subsatellite point
RA N = Right ascension of ascending node in degrees
DEL RA = Right ascension residual (difference between predicted and observed)
H(KM) = Height in kilometers
DEL H = Height residual (difference between predicted and observed)
TYPE = VIS for visual observations
RDR for radar observations
B-N for Baker-Nunn observations
ELEM = Element number
STA = Station number

T U S, e & R - - - B e e T e i
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Doppler Reduction:

ID = Observation identification
N = Epoch revolution number
T SUB N = Computed time of nodal crossing
DELTA T = Time residual in days (difference between predicted and obsérved)

D = Arc distance in nautical miles from station to subsatellite point.
H = Elevation, in degrees
S = Slant range, in kilometers
ELEM = Element number
STA = Station number

¢

Direction Finder Reduction:

ID = Observation identification
¥ = Epoch revolution number
T SUB N = Computed time of nodal crossing
DELTA T = Time residual in days (difference between predicted and observed)

H = Elevation, in degrees

S = Slant range, in kilometers
H(KM) = Object height, in kilometers
ELEM = Element number

STA = Station number

‘

If the output is to be processed by TELTYP for teletype transmissiona
modified version of the above output will be printed. In general, each line,
as described above, Wwill be broken into two lines of output. Each line will be
followed by an asterisk (* ), and the abreviation, DOP, for doppler observations,

or DF, for direct finder observations will follow the station number.
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JOo REDUCTION TEST
RUN REDUCTB2,4DATA
1 11 TOGGLE CARD

7
51 19 160 IOTA 3 2300, 001095429 47419999981 E
51 19 21961 48410885429 1 48010885429 £
51 19 3 33415050268 211.88786888 1423742932 E
51 19 &4 -3,08994973 2¢57470850-0. E
51 19 5-0. 5e3245170E-06-541259364E-06~04 E
51 19 6 0.082U5393 5e¢0345715£-009 E
6C 19 1 60 X1 1 1390. 011134295 49,97599983 E
60 19 21961 50694619608 1 50094619608 E
60 19 3 0.07820488 11.63639760 35509534836 107672971 E
60 19 4-1.8607016E-08 ~3e35409367 2e¢78489476-0 E
60 19 5-0,. ~2¢1083826E~05 1.7505843E=-05-0. E
60 19 6 , E
73 6 161 BETA 3 200. 0400638922 64488655853
73 6 21961 47455804205 1961 47455804205
73 6 3 0406244039 143,76211357 6099729776 1.03565089
73 6 4-7.4575213E~-07 ~3465672696 —0¢42805739-0,
73 6 5 0. —1e6202050E-03~148967934E-04-0.
73 6 & ’—Oo -Oa ‘"O 0 "0- O
77 4 11961 GAMMA 3 90, 0.00817470 65.01097775
77 4 21961 48461976957 1961 48061976957
77 4 3 0e06208724 166409534454 20637677312 1.02988344
T7 4 4-241226734E-06 -3468851939 -0647019580~C
77 4 5-641808457E-09-446953070E-03-5.9853653E~04-0.
77 4 6 1.00000000 360.00001 -0 -0 -0 0

9
0039+276191+099384¢4 1950 5 O003901LAREDO TEXAS 143
0135+512129+0008153 1100 D013501FARNHAM ENGLAND 401
V002+425561~-2886997 670 9 000201BILLERICA MASS 121
0300+107330+061600U 2135 510C30000TRINIDAD 159

3
-582103G0010221015827000290000168000001K8980 MSG 1 1877 -27-150-24

410002010208 22150600 0 0000000021000 06878 35 —-BO-66

- 2103u00102210159290003070001540000218520 MSG
- 2103000102210159290003070001540000018520 MSG 2 1877 —-21-130-24
0 42200390102231508495001070001403000008960 315 57 15- 8
060 10135010220194245400397000-539060 1401 ~16 =-25-19
060 10135010220194245400397000-539060 010 1401 —-16 ~25-19
07322003901022315093600U10706001403000011380 313 24 —-33- 6
0732200390102231638410000 2555000018750 314 30 -16- 6
0772200390102231655190001040001402000008540 188 37 <4~ 4

58
051 1006901022302442230071580036000C0 2373 =16 -4-19

2103000102210159290003070001540000018520 MSG 2 1877 -21-130-24

051 100690102230244223007158002600000 030 2373 -16 =-4-19
-51 1u0690102230244223007158003600000 2373 -16 -4-19

ENDDATA

ENDOFJOBR
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BBBAQRRHEBHBRBERBRY

PN MISSING SO PA USED FOR SAT

60 LLEM 19

QATELLITE IMVENTORY FOLLOWS.*

51

19/

60

197

6/ 77 4/

05810221 01582700 NO ELEMENTs IN SYgTEM(1),

YO S FULLOW=%
UNK ek s¥ k¥ gk x

051102068
1256,
06010208
824,
07340208
4179,
07710208
3216,

00224500
21.81

00221500

27,84
00221500
-33.18
06221500
-24,20

UNK® ke k¥ sk &

05110221

«31,301
06010221
«31,301
07310221
«31, 301
07710221
«31,301

01592900

320,43
01592900
320,43
01592900
320,43
01592900
320,43

UNK bR X E X5k

05110221
»n.394
06010221
0,394
07310221
-0,394
07710221
'00394
00410243

01592900
303.74
01592900
303.74
01592900
303,74
01592900
30374
15084950

5878 0%

39,00631465
19'

39,00684022
19,

38,.99523414

7425, 6. 23 DOP#

=65 38.99127295 (0.02301x

5885, 4, 2% DOpx

Mx

52¢03144586 ~0.01601%

2189
3099,

1267
2622,

63

0.00538*
2% 00px

0,002643«
2% DOpx

0000552‘

2348 225.08

&

286,79 .94,19 19322,3 17807.4 RDR
1404 222,/2 52.,03242214 =0,00864% ~
290.35 77,61 19322,%3 17408,.9 DR
272 324,99 52.,02669445 -g,02319%
157,62 30,31 19322,3 19057,3 RDR
145 325,08 52.02714149 0.00002+
157,52 4,05 19322,3 19117,7 RpR

1877 = M»

2348 180,54 52,0414G6303 -0,00605+%
304001 =76.97 1116.7 =421.,4 RDR
1404 180,51 52,04354025 0,00248«%
304404 : 63,92 1116.7 =1093.3 RDR
272 359,56 52,02072186 =, 02916+
124,56 rm2.75 31116,7 871,8 RDR
145 359,56 52,02126079 -0,00586a
124+56 =28.92 11167 923.,7 RDR

NO ELEMENTS IN SYSTgM(1,,
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300 a
300 «
300 «
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300 »
300 *
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60« :
1390  50,946206 0,078205 =~0,186-007 0.0004000 1,21364 0,111344
11.636 =3,354 ~0.6G00 355.095 2.785 60,0000 112.62 49,98«
»
0.,00200 20.00000 200.00000%
06010220 19424540 1401 81.38 51.80628582 ~0,0C016%

49,214 359,07 8450 ~0.25 1176,3 0.0 VIS 19, 135 «
06010220 19424540 1401 B8(.38 51.806208582 ~p.p0016*
49,214 359,07 4] -0,25 1176 ,3 J.0 YIS 19, 135 «
73
200 47.55804 0.062440 <-0.746=-006 0.000+000 1.04231 N,00639%

143,762 =3,657 -0,0016 60.997 -0,428 -0,0002 89.91 64,89
»

0,00200  20,00000 200,00000%
07310223 15093600 313 157.92 54,60451877 0,00024%

19,898 267,15 117.58  -0.33 305.6 38.2 RrROR 6, 39 .
07310223 16384100 314 155.21 54.06685240 0.00030*
22 315 243 44 117,53 -0,15 270,1 4,2 RDR 6, 39 »
77 %
90 aB.61977 0.C¢2087 =0,212-005 =~G.618-008 1.,03837 0,00817*
166,095 -3,689 -0,0047 20,377 .0,470 -0,0006 89.41 65,01«

3
0,00200 20,00000 200,00000+
07710223 16551900 188 155,88 54.67049040 0.00037+
21,739 265,66 143,54 <0,04 208,0 -7.6 RpR 4, 39 *

END QF RUN sxskeh®ksxk
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INPUT DECK:

INPUT DATA:

ROC
(Radar Orbit Computation)
Manual Schedule Tape Mode

Two options for input are accepted by the program: 1) radar

observations, 2) geocentric rectangular coordinates and

velocities.
Option 1:
1. Request Card:
Col. 1-3 Number (odd) of
observation cards to
be read, from 3 to 999.
6-17 Alphanumeric satellite
name or identification,
for output.
18-35 Date of computation
41 1 punch request ele-
ment cards as output.
42 1 punch prints x,Y, 2,
5:, y,z for the rmean of
the observations.
72-80 Are blank
2. Standard Station Card
3. Standard Observation Cards, in order of
increasing time. (any odd number from
3 to 999)
4. 9 punch in col. 79: card used to end
data deck.
Option 2:

1. Request card:
Col. 6-17 Alphanumeric satellite
name or identification,
for output.
18-35 Date of computation
41 I punch requests ele-

ment cards as output
72-80  Must be blank
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OUTPUT:

2. Rectangular Coordinate Card:
Col, 1-14%* s, in km.
15-28% vy, in km.
29-42% gz, in km.
43-46 Year of epoch
3. Velocity Component Card:
Col. 1-14* %, in km/sec.
15-28% vy, in km/sec.
29-42*% z, in km/sec.
43-56* Day of year of obser-
vation of coordinates
4. 9 punch in col. 79: card used to end
data deck. -

* The field must have a decimal punch.

The output consists of the normal Radar Orbit Computation
plus two options as selectedby the input request card.

The Radar Orbit Computation is comprised of headings
(program title, station name, alphanumeric satellite identification,
and the date) and output. Each datum of output follows its label:
semi-major axis in km., earth radii, right ascension of ascending

node in degrees, radius vector in km., eccentricity squared, nodal

period in days and minutes, argument of perigee in degrees, velocity

in km./sec., perigee distance in km. and in earth radii, time of last

perigee pass in days, inclination in degrees, apogee in km. and earth

radii, and the time of the last nodal crossing in days.

Output Option A, which is possible only with input option (1),
produces a printing of the geocentric rectangular coordinates x,y, z
(headed XX =, YY =, ZZ =) and the velocity components (headed
XDER = ,YDER =, ZDER =). The time of the observation is given
under the heading TIME =.

5-3-2
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Output Option B produces punched cards in the standard
6 card element set format. The data punched are the satellite
number, element card number, satellite name, eccentricity,
inclination, year of epoch, time of epoch, nodal period at epoch,
right ascension, argument of perigee, and perigee distance. All
other fields of the standard set are left blank.

If teletype transmission is desired, the program TELTYP

may be used.
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ROC

TITITTITT
66-1L
66=2T
66=22
69-91
65—-0¢
66-2¢
69-6¢
66-T1¢
65—-82
66-12¢
65—9¢
66=6¢
66-22
66-9¢
66~Y¢
66-2¢
65-9¢
66-%¢
66-0¢
66-9¢
66-T1¢
66-81
69-2%
65-8¢€
66-91
66—-8¢
65—-GY

M FOSNRYTAMNTOOTONTOON VNN NN G NG

6LT1G~-
6LT15-
6L16~-
6L16—
6L1G~
6L1G6-
6L1G6~
6,16~
6LT6-
6L16-
6L16-
6L16-
6L1G-
6L1G6-
6L16-
6L16-
6L16-
6L16-

6LTG-

6LTG~-
6LT6-
6LT6-
6LTG-
6LTG6~
6LT5~
6LT6-
6LTG-

121

V1ivVQaN3

98GN0000S000008BEEC00ELEE09GZTLHTOLTEDNT
19000096%0000002€€00€CLEENOZGI0LYIOLTEODT
9%L00096%000005G2€0009€C0EE00LYT0LTEDT
9L€T009050500096TL00TTEE02ERG9%TOLTEDT
666T005TS00000%€TE€0020ZE00T8HIYTOLTIEDT
8962008250000 08LOEQOYLOE068TIHIHTIOLTIERT
e0Te00%%S000000€0€00TG62096GE€9HTOLTEDT
129¢€00L950000098620062820T16629%T0LTE0T
8%6€00L8500000%%62008895208.£29%10L1€0T
9TE#00TT9000000T62002662068LT19%T0LTEDNT
6E9%006€£900000LL8200TT#2028TIT9%T0LIEDT
9264%00CL9000006%8200087220%9G609%T0LTIEQT
L9T60000L00N00DEZ8Z00LGTZ009666HT0OLTENT
26€6002¢€L00000L6L20002020L7EG66HT0LTEOT
ommmoomowooocomhhNoooomﬂoH¢h¢m¢HowﬁmDH
#9L50086L0000066L200L8LT0GETHGHTOLTERT
€.8500€€8000009€L200CL2T0%ZSEGHTOLTECT
6009002L80000002L2009L610T0626%T0LTENT
12190060606000CTL200T9%TORAZZSHTOLTIEDT
7229008%600000T69200€LCTOBRITCHTOLTEDT
Z1€90028600N000289200867T0260T6HTOLTEDT
€Le900220T0600%L9200602T02L%06%T10LTe0T
074G500€90T0000999200L1TTI0GEBGHRTOLTIEDT
0T5900860T0N006Y9200H9GTO9G2GHHTIOLTIEDT
TLG6G00€H7TTO000G6%920008€ CTLI9WHHTOLIEOT
80690028T10900GT€9200006 06204%%%T0LTECT
Z0S9CO0LTZTION00EZ9200LLe OLLYewwTIOLTENT

SSVil INOLSONIWIOTOCO & 0951
1 T96T¢LT HDYUYW
vIvVa¢2gooy NN
2800d " aor

4801 J0aNZ

1000120€0
1000T20€0
1000120¢€0
T000120€0
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1000T20€0
1000120€0
1000120€0
1000120€0
1000120€0
T000120€0
1000120€0
1000TZ0€EN
T000T120€0
1000120€0
T000120€0
1004T2Z0€0
T000120€0
1000T20€0
1000T20€0
T00n120€N
INn0NTZ0ED
T000T20€0
1000120C€D
T000120€0
1000120€0
1Q0NTZ0€EQ

2C6%TL0+G9LT924+1000
1531 D0y L2
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LOCVEC
(Vector Coordinates for Lockheed)

INPUT DECK: Manual Schedule Tape Mode

INPUT DATA: (1) Request cards - as many as required up to 500.

cols. 1-3 SPADATS sat. no.
ccl. 9 a) lst digit of STC sat. no.

' b) 9 if SPADATS sat. no. used
cols. 10-12 Sat. no.
cols. 13-20 Name of sat. (alphanumeric)
cols. 21-24 Country of origin

(2) Col. 8 - a numeric punch (1-9) which signals the end
of the request deck.
(3) Standard six or seven card element sets. Up to 500

sets can be read into core.

4) One blank card terminates the element card read in
process.
OUTPUT: Logical tape 11 contains x, y, z in feet and %, y, z, in

ft/sec. to be printed. Five-channel paper tape is available

for teletype transmission to the CDC 1604 computer at

Sunnyvale Tracking Center.
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LOCVEC

w oW

W w

4901 JOAN3
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CCOE

(Cartesian Coordinates from Orbital Elements)

INPUT DECK: Manual Schedule Tape Mode.

INPUT DATA: (1) Set of Standard Elements (6 or 7 cards).
" (2) Request cards - as many as required:
Cols. 1 - 10: Start time (days of year).
11 - 20: Time increment (days of year).
21 - 30: End time (days of year).
31: Blank, output in kilometers per sec.
1, output in earth radii per min.
{3) One blank card
(4) The above may be repeated any number of times.
To terminate the program a second blank card

must be used.

OUTPUT: Logical tape 11 contains the position and velocity
components with the output in kilometers and kilo-
meters per second or in earth radii and earth radii
per minute. The information is in order of increas-
ing time (in days) for each time step during the range

requested.
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T START (DAYS)

[ TINE (DAYS)

T STGP (DAYS) |g~1 < RADI, BL - KN
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00000000000 Ty
IRERRRRRRRI |
222222222202
3333333333
RYRYRYYYYIL
sssssssssssk\:
ssssssgssssﬁé\
N

\

o

W

N
\

A

RN

auasaaasaqnasaaaalasaassaaaahsﬁ}\{ §ﬂ\
£9999999949999999 !SSSSSSBSSSSLSM k)
‘21‘5‘La!nt:::,‘“,““‘““""" 20NDAUB BTN RPIIAW! )\ U
Columns:

{ -10 Begin Time, In Days, DDDDD.DDDDD

11 - 20 Step Time, In Days, DD. DDDDDDDD

21 - 30 End Time, In Days, DDDDD. DDDDD

31 Blanlk Means Output In Kilometers Per Sec.

1 Means Output In Earth Radii Per Min.
Note: Decimal points may be punched anywhere in each of

the first three fields.

Request Card
CCOE
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Joi CCObr 2

RUN . CCORULZDATA
4172 1 58 ALPHA 1162¢. CalIBEIAS 326205090070
417 21761 Loel&; (166 1761 48406090160

417 3 Ce0TH14181 coWelloeUlel  LikeDilu L0007 LeCubhalnnd
4172 4-1e29420L0-07 ~he 62T To 2604275~ .
4174' 'F)_Uu —1_0426721)(.”:_04 .,'o(:,L'_':;i{JYl'/‘L_C'(r"' .

4172 6 1e00LCCU00 360elL00097%9 e =L oo
6'\).;()OOO“).';,'()1\/{".:'(,“: 6\’,.1/‘];"..,’..“:4‘

ENDDAT A
LNUOFJCBR

) -
-’
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NEBPRREEERNRABRDS, AN

ENDeS

TIME

DAYS
60,00000
60,00100
60,00200
60,00300
6000400
60,005909
e0,00600
60400700
60400800
©0400900
60404000

XpoT
5280 ,734
"3,181638
4816 ,63¢
“5,5084174
4345 ,338
wd,042291
3779,884
'6.3.!631
3213,768
.6.7!177’
2620 ,941
«7,006359
2005 ,829
*7,237188
1373,280
7,409424
$28 547
o7,518712
77,228
o7 56137¢
«$74,806
o7 ,5345608

3 VELOoCcITIRE pOR Y" ALPH A

Yoo!

5041 ,549
3.70942:
5812,218
3,29277%
557¢4,853
2799413
5787,37¢
2.23095)
5955.933
1,67148p
6074,97¢
1,084818

6442,346

0673043
519, 431
00.18193

6445 ,644
«0,790439
8049 ,64¢
o1 432059
sdes, 238
.2,072020

5-5-4

ELEMENTE 3174
1 KM ’
1por1 KM/8ED®

o872 2820
o3, 8721314
-;.g:.iOZi
“«j Bge
-g‘i‘?i’gﬁ
“5.686223,
03 833,977¢
g, 499824,
wgh28,432¢
oy, 310782y
agh05,148%
8),0003841y
-ﬂ‘ﬁi.!’ﬁt
sg,830218,
'3!94.3 24
g, 552655,
*§h0d, 0180
ol 2404034
13130.7480
o1,902039
.U‘R’.bl;i
el .5‘0379.

¢
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RESPLT
‘ : (Residual Plot)
INPUT DECK: Schedule Tape Mode

An SPSJOB card is required. The following options
of data input and output are specified in columns 17

and 18:

a) Input option, column 17:

Option | Observation Data |Element Data | Sensor Data

0 Observation Cards| SEAI Tape ' SEAT Tape
1 Observation Cards| Element Cards| SEAI Tape
2 Observation Cards| Element SEAI Tape
Number Cards
3 Observation Cards|SEAI Tape Sensor Cards
4 Observation Cards| Element Cards| Sensor Cards
5 Observation Cards| Element Sensor Cards
‘ Number Cards

b) Output option, column 18:
0 = print (DS. 1) and punch cards (DS. 2)

INPUT DATA: Element data and sensor or station data may come
either from standard cards or from the SEAI Tape
depending on the input options chosen. The number of
input cards is limited by the size of the O, E and S
blocks of the system.

Observational data always originates from standard
observation cards, which have been ordered by satellite

number and contain an association indicator in col. 80.

If untagged observations (a zero sat. no.) are to be
reduced, the first of the untagged observations must
contain the satellite number of the element set against

’ which the observations are to be reduced. If this pro-

cedure is inconvenient, a card may be inserted preceding

5-6-1
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OUTPUT:

the untagged observations. This card must contain the

satellite number to be used and an association indicator

in col.

blank.

80. In this case, the sensor number rﬁust be

The association indicator is necessary on all

observation cards to indicate whether the observation is

an angles only or a radar observation.

Association Observation Association
Status Kind Category
1 Radar Asscciated
2 Radar Doubtful
3 Radar Unassociated
4 Angles Only Associated
5 Angles Only Doubtful
6 Angles only Unassociated
9 Radar Special Unassoc.

Two types of output are provided: 1) the printed

output of the reduced nhservations, and 2) the punched

card output of the reductions, with pen commands,

required as input to the EAI Data Plotter.

1)

2)

The printed output consists of the reduced obser- '

vations, sorted by revolution number, for a
given satellite. Headings are printed for the data
columns which contain: the satellite number, the
observation number, the revolution number, the
time (minutes/100) since epoch, the vector
magnitude in kilometers, the revolution number
(N/1000) since epoch, the element number, the
association indicator, and the station number.
The punched card output of the reduction is used
as input on an EAI Data Plotter which is assumed

to have line plotting capabilities. The required

5-6-2
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commands are punched in column 55. The first
card of output will stop the plotter (7 in col. 55).
This is done to enable the operator to change

graph paper and position the origin. The cards
which draw the axes follow the stop command (six
cards). The graph labeling cards are next and
cause the plotter to draw the characters S, E, R

and T. These characters are followed by the satel-
lite number, element number, epoch revolution
number and the epoch time in days. A stoj:o command
follows the above data (7 in col. 55). (The deck may
be broken at this point if the axes and labeling is

not desired). The data cards containing the infor-
mation to be plotted follow the stop command and

continue until the next stop command is reached.

Two types of plots can be obtained from the data
cards: 1) the time difference versus the revolution,
and 2) the vector magnitude versus the revolution.
Two IBM 523 board wiring diagrams havé been
supplied in Section 1 under the program description.
The scaling is such that both plots can be obtained
on the same piece of graph paper. To achieve this
result, the IBM 523 board must be changed when the
final stop command is executed. The deck should be
broken as described above and the data cards
reprocessed. It is recommended that a symbol pen
or color change be used in order to distinguish the

two plots.

The graph scaling is as follows:
1) X represents the epoch revolution number

2) each centimeter represents 20 revolutions

5-6-3
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3) Y, is the origin of either a) the vector’

4)

5)

magnitude, or b} At.

a) each centimeter represents 500 kilometers
and under b) each centimeter represents 5
minutes.

x should be 5 centimeters from the left edge

of the lined graph paper and Y, should be 9

centimeters from the bottom.

full scale is then:

a) x_ = -100 to +400 revolutions from epoch

= 0 to 4500 kilometers

c) Y, = - 45 to +45 minutes.
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RESPLT

JOw RESIDUsL PLOT TEST
SPS5JOu  RESPLT 1%
(34119 16UEPST 1 10724440153317691 644952587196
W3411Y 21962 955402548240 864507771350
v3411Y 3040031417607 06 CuDZT2540 154.755442868 14029077688
V34119 4 G 1T7817T2%b=06~ 155060475 36- «435G9240¢8
ui4lly b
V34119 6140499039940
03411y 7
w6472 1éuv P1 2 T434440G068T7T45180 484520467764
VbL4UTE 21964 Tu2e892248939445 2884173766341
CO4LTE 30.u83156519Y AGUeBTURITICL 222.725048086 14097616031
VHL4UTE 4=Uec2l2040620—00~ Leb&IEQUL]LS G4elbn3T7013¢6
LesuTe 3
G64072 61e1ub213L445
Ve4LTe 7
G7u063 161 ALPHA 6505.4055937883¢ 097365436347
LTUU63 21362 95 bULL685241 168.650023755
cTUU63 3 JubDE42355b 1918655692840 1524906961470 1.072990160
UTC063 4-0e64440L25E-08 eR77295872— 26498460240
76063 5
CTULHE 61.0795995088
070uv63 T. ‘
U34250039220405254507555102000 572000 135870 568200000000 0 0 ¢
U34250U0390204052344055251080.0 612000 127500 54150000006C 0 0 C
0342500390204052344495272118C0u0 61500w 123060 5403CG000C0C0 0 0 v
0342500390204052544435161245060 625CG0w 119390 522600000000 0 0 0
0342500390204052344375191279000 642000 118390 5032000060000 0 0 ¢
U34250035020405234431525137000 6600C0 113340 50440C0000CO 0 0 O
034250039020405234425530147000 672000 1.9770 44310600GC00 0 0 C
0342500390204052344195571490060 6%400U 115510 448400000000 0 0 O
U3425003902064052534413521162000 703007 145510 4564050000000 0 0 %
U3425003902040525440752716001L0 724000 15,2910 43C5000I0000 0 0 o
034250039020405234401512174000 745000 99450 404500000600 0 0 0
034250039020405254355517175500 767000 99270 3813000C0600 0 9 O
$342500390204352343495641¢2000 790000 , 95680 357800000000 0 0 0
034250039025405234343562106000 81100u 94790 331900000000 0 0 0
034250039020405234357575194000 535000 92088 304700000000 0 0 0
03425003902046052364321581202300 859CUC 90940 27784CQ0Q000 0 0 O
034250039020405236453195712120G0 9200006 87600 21410808060CG000 ¢ 0 O
C36250039v2060525431257T717.00 941000 86810 180200000600 0 0 U
034250039020405234307562220000 972000 85940 1481C000L0000 O ¢ C
U34250C39020405234301567219CC0101000CG  8493C 118300000C00 0 0 ¢
U542500539020409254285752200051044000 83490 T2700L00005 0 0 O
0342500590204052342495722270601073006L 83430 422000350000 0 0 O
03425002902040025624356422500C011C7000 53070 150000000 0 ¢ ©
03425005902042022623756%2270C041147000 83780 3006G06CU00C0 0 0 O
U3ALZHU0B502061000463T753124500010440C6 58280 4382000060000 0 0 0
U3425005902041006465153724300010100C06 55350 399500050000 ¢ 0 ©
U34250039u2041C068646255422560L,0 973002 53870 357000050400 O 0 6
034250039020410U8401353326100L0 87600y 51068 252200000050 0 0 O
U242500390204100845.T7533290000 825007 49500 1932006000500 ¢ 0 ©
0342500520204 10004601544290 50w THRUU: 484906 130140.C0720 2 ¢ C
054256039020 4100645555503L9005 709000 48230 640000030000 0 ¢ O
0342500390204100864549535 315300 649000 438340 63000G008020 0 0 0
U3425003902041008454356G311000 587000 47720 74100060000 ¢ 0 C
U342500390204100E453 7525305000 518000 49340 1398CC000060 0 0 O
V342500390 2041008444 3523217050 154000 61650 562800000000 0 0 0
0342500390204100844435834201000 152000 64650 52750L0000CC ¢ 0 ©
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03452
03452
33452
23452
03452
03452
03452
036452
03452
03452
03452
03452
03452
03452
03452
03452
03452
03452
03452
02452
03452
03452
03452
03452
03745
03745
03745
03745
03745
03745
03745
03745
03745
03745
23745
03745

43358
43357
43356
43355
43354
43353
42352
43351
43350
© 43349
43348
43347
43346
43345
43344
43345
43341
423240
43339
43338
43337
43336
43335
43334
. 24768
24769
24770
24772
24773
24774
24775
24776
24777
24778
24786
24787
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T TL690 29H%€0 Q@ 0 0 20000C0O0T0CT 02959 VN08LLZONCERWBZGGZZETCICHOZNE6E0DGZOLD
2 (L6390 Z29%¢0 O C¢ C 000020002102 08999 ANQZ83ZC0ALOH9TGLEZE909070206€00620L0
T €9690 29%€0 ¢ 0 O 00005NNH02GBZ 09004 00C2LE20002EH92G66%2€909CHN206E00620LD
T 8969C 29%€0 ¢ 0 O 00000000%T2e 068¢€lL 000900E0N022ZH026662€9090%0206€00620L0
1 7969¢C 79%€0 C O O 00000n00LGGE CLlGwL NeOIHOE0N0YOHGEGTICEEGCI0RNZN6ERNGZOLO
Z 29861 . LLSE0 O 0 0 000002008¢€le OTIECTT CONESLE 000922ZH26G2ZEHCO6OH0ZNEE0NGZLLO
T 19861 - LL9€D ¢ 0 0 000000000G6E OT6GTT 0002LE COOHWTZEIGIECHGOE60R0206E00G62CL0
T 09861 LL9€0 0 0 O 000000006¢€TH Q06€LTT 2008GE QCORQZEIGLECHGOE6CH0206€00G620L0
1 656861 LL9E0 O 0 O 00000000GEEY O%902T 00Q0YE 0RONO0ZBZSEHERGLE60H0206E00G6Z0LC
T 86861 LL9EO0 C O O CO00HN00066HY J00HZT NO0N9ZE 000GATEZGAYEHGOE60H0206E00G620L0
T 86L%¢ SHhL€0 0 0 0 000000006599 082S0T N00LYQLON000TELTSLECHROQTHOZN6E00G6ZYEN
T L6L%Z Ghle0 0 0 0 Q00000008269 NE2ZTOT 000T96L0DQ0TIEZSENEHQ00TH0OZQ6E00GTHED
T 96L%¢ GhlE0 0 0 0 0000000069%9 00%L6 000L9GE0006TITEZSEHEHELOTHCZ06E00G62HEC
1 G6L%2 GhLe0 0 0 O 0000CNNNZ0HY 06,26 NCNHBSEQNORBTITLTICSSERRRDINZ06E00G62HED
T wé6L%He GHig€0 0 O O 00C00D000EECY9 OLZ68 0NDS6GL00067ZT2TSTINHYHE00TH(CZ06E00G2ZHED
T €6L¥%¢ GHLe0 0 0 O 0000007922929 06488 1008 00NOHTLZGLOHYRCOTHNZNEECOGZHED
T 2o6L%w¢ GHLEQ 0 O O GO000N00B0OTIYS 0GG08 0G0LZ 000%GTTZ2SETHHB00TIH0Z06€0062YE0
T T6L%C GHLEO 0 O O 000000032666 06LLL 000EY 0008GTIGTCETHHR00THNZC6£0062%ED
T 06L%w¢ GHLEO O O O 0000092009686 OWGhL 0O0QTI 000CLINEGGZHHEQR0THGZ06E0062HED
I 68L%¢ GHLEC O 0 O 000000000896 0TI80L N920%8  00008T624TeEHHR00THQ206E0062H€0
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SATNO
034
034
034
g34
034
034
034
034
034
034
034
034
034
034
034
034
034
034
034
034
034
034
034
034
034
034
034
034
034
(34
034
034
034
034
034
V34
034
034
(R
034
034
334
034
§34
034
034
034

SATNO
070
070
070
070
070
070
070"
070

OBSNO
43334
48335
43336
43337
63338
43359
43340
45341
43343
43344
43345
43346
45347
45348
435349
43350
43351
43352
43353
43354
43355
43556
48357
43358
24798
24797
24796
24795
24794
24793
24792
24791
24790
24789
24788
24787
24786
24778
24777
24776
24775
24774
24773
24772
24770
24769
24768

OBSNO
06973
06v71
06970
06969
(6968

06967

pD6v6é
06962

REV
10731
10731
10731
10732
107314
10731
10734
10731
10731
10731
30731
10734
10731
10731
10731
10731
10731
10731
1073t
10734
10731
10734
10731
10731
10800
10800
10800
10800
10800
10800
10800
10800
10800
10800
10800
10800
10800
10800
10800
108090
10800
10800
10800
10600
10800
10800
10800

REV
6515
6515
6515
6515
6515
6515
6515
6515

DY (MIN)
'0001?
=. 0010
=, 0010
"100!1
'00010
= 00N
-, 0009
o U042
-, 0090
"‘10012
m, 0011

=, 0013

»,0032
=, 0015
=, 0023
=,0014
"10012
-,0017
=y 0017
=+ 0013
=,0045
'10016
=.,0016
900010
0268
« 0269
0268
10269
0268
0268
102714
20269
0268
+ 0269
0267
0268
«0267
10262
0263
« 0263
20262
. 0262
0261
0261
10260
0258
0258

DT (MIN)

=,0003

»,0004
'00005
-.0005
»e0005
=,0006
0007
-,0008

a7
1194
1195
1189
1194
1185
11890
1188
1174
1166
1161
1147
1142
1132
1001
988
973
964
959
9614
971
1044
1045
1090

YMAGN
36
28
40
37
26
37
40
40
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NREV
,007
007
.007
I007
007
007
.007
007
.007
007
007
.307
007
.007

. .007

.007
007
007
0007
007
007
007
007
.007
076
.076
.076
$076
.076
.076
0076
076
076
«076
+076
076
076
.076
076
0758
.078
.076

.078

.076
076
«076
076

NREV
.010
.010
.00
«010
010
.010
010
.0%0

DX DPODO®PRDD®OEDOEE@®OEO®EOEERRE®OEDO®ED®PEPZEOPO®DEODPDE®ED® DO

@ POOwm®E ®

ELNO
119
119
119

119

149
119
119
119
119
119
119
139
119
119
119
119
119
119
119
149
119
139
149
119
119
119
119
149
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119

119

ELNO
63
83
63
63
63
83
63
83

ASTAT

»
»
-
BRI e [ N N S S Ty g o Nl o e ST o e ol SR N ol ol S ol o

STA
039
039
09
0%9
039
0y9
039
039
039
039
039
039
039
039
039
039
039
039
03?9
039
039
039
039
0s9
039
039
039
089
039
0s%
039
039
039
039
039
039
0%9
039
039
089
039
089
039
039
039
0y¢9
039

STA
. 039
089
039
039
039
039
08y
039
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PREPINT

A . PREPINT
‘(Satellite Situation Report from Nodal Elements)

INPUT DECK: Manual Schedule Tape Mode

INPUT DATA: The input deck should be in the following order:

t. Request Cards (up to 500) in the following format:

Cols. {°= 3: .Satellite number

7 Comment indicator defined as follows

0, no comments on this card

1, read comments contained in cols.

21 - 62
9 - 20: Satellite name

21 - 62: Comments to be printed if col. 7

contains a 1 punch. (A max. of

50 sats. may have comments)

2. Request deck terminator: a 2 punch in col.

7.

Time cards (times for which reports should

be issued) in the following format:
Cols. 1 -4 Year

€ - 7 Month number

9 - 10 Day of month

11 - 17 Hours and minutes (HHMM. MM)

20 Output unit indicator, defined as

follows:
0, output in statute miles

1, output in kilometers

N

4. Time Deck terminator: a 7 punch in col. 8.

5. Standard 6 or 7 card element sets. Only the

sets required are stored, therefore more than

500 sets may be included in the input deck.

6. Input deck terminator: a blank card.

OUTPUT: Logical tape 11 contains the satellite name and number,

element number, latitude, longitude, inclination, period,

apogee distance, perigee distance, revolution number,

time of node, right ascension of node, longitude

5-7-1
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eccentricity, height of satellite, and course.
The distances may be ifi kilometers or statute
miles. The dimensions are determined by the

option selected on the Time card (col. 20).



Wolf Research and Development Corporation

PREPINT

/

| 2](3 4 5

gopoo0000

01112731413 98 17

IELERRERR

0
A
2222\22%122722222
N3 3D
N
\
|
\

-—— D
-
— o e
- D
—

3333 333333333

4444\44 IENEREY Y

55550]55[55(55555685

6666668666666666

TTTTy T 1111111

Field Cols.
1 1-4
2 6-7
3 §-10
4 11-17

5 20

Year

Month

. Day

Hours and minutes
1, output in kilometers

0, output in statute miles

Time Card

PREPINT
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! 2 3 4

000DO000000O0O00D00D0000000000000006000000000000000000000000

\
R TNs vz ss e s nnunnunn:nunun:n:nuuunuuauuumnnnuuunuunnup
NIREEERR AR R R R R R AR R R R R R R R R AR R R AR AR AR RERRRRRR R
222 210122222222222212222222222222222222222222222222222222221722
333 32333333333333(333333333333333333333333333333333333333333
\ CAAAA 40444400444 4444844444044444444424040404040404 0044
N
\
\

5555559555555/5555555555555555555555555555555555555553555
566666666666/666666666666666666666CG66666665666666666666

T1111TTTIITI 1111190111771 1111171710111717711171107171°01710

n
P I I I I )

b4
$ 1918 |ll$ll|1ll|.ﬂ nn l2!2§21

299999999999/99999998999999999989999098899899 9999999
ANVIRTHERTRFOH OB UERTURL R PEPTLY

Field Cols. (
1 1-3 Satellite number -
2 7 1, cards contain comments

0, no comments
3 9.20 Satellite name

4 21-62 Comments

Request Card
PREPINT
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JOBb TEST PREPINT
RUN PREPINTB,DATA
4 58 ALPHA
16 58 BETA 1
5 58 BETA 2
11 59 ALPHA 1
12 59 ALPHA 2
15 1 59 DELTA INSUFFICIENT OHSERVATION
20 59 ETA
22 59 I0OTA 1
23 59 I0TA 2
112 1 59 MU IN HELIOCENTR ORBIT 450.0D 1le317AU «9766AU
36 60 EPSILN 2
37 1 60 EPSILN &4 INSUFFICIENT OBSERVATION
43 60 ZETA 1
45 60 ETA 1
46 60 ETA 2
47 60 ETA 3
49 60 IOTA 1
102 61 LAMBDA 2
1v7 61 NU
115 61 OMICRON1
167 61 RHO 4
163 61 SIGMA !
170 61 UPSILON
182 61 OMEGA 1
186 6LA BETA
18% 61 SIGMA 3
2
. 1961 10 11 120¢C
1961 10 11 1200 1
1961 10 11 1430
1961 10 11 1430 1
7
4214 1 28ALPHA 14740, 009500069 33418999958
4214 21961 280480691970 1961 280480691970
4214 3 201.61903020 107442337540 105476451
4214 & 4496605333 Te42265104 Co
4214 5 0. ~34780903E-004 5.651232E~004 U
421 6 007371200 ~1¢968034E-007
4214 7
5 78 158 BETA 2 13950, 0418984776 34424499.89
5 78 21961 278425430390 1961 278425430390
5 78 3 0409295403 193.98439300 94450760521 110183595
5 78 4-1.484110E~007 -3,02018139 4441471416 0.
5 78 5 0. T —9.897075E-005 1.446693E-004 O
5 78 6 1.000000C0 30400000 Oe Oe
11149 1 59 ALPHA 1 11082 0416288486 32.84826871
11149 21961 282.8732397@ 1961 282487323970
11149 3 008698856 3253621422 190473210390 1.08936014
11149 4 44,736775E-008 —-3.51236494 5428651195 0.
11149 5 0, ' 44308964E-005-64485486E~005 0.
11149 6 100000000 30.,00000 001525878 10,00000000
12110 1 59 ALPHA 2 10100, 018352360 32.66509133
12110 21961 279461322930 1961 279461322930
121106 3 0608993200 259621911570 214433844310 - 108631547
12110 4 14999180E-008 ~3430525151 4499311847 Oe
12110 5 0. 1e¢568518E-005-24369501E-005 Oo



Wolf Research and Development Corporation : o PREPINT

12110 6 1,00000000 30400000 500 Oe O
015 2 1 59 DELTA™ - 1007 75239 471
015 2 21961 84851497 1961
015 2 34498311195 284432 171.
015 2 4=- 419237 E-04- «309 o3
015 2 5 0.
015 2 6 100000000 30, 500
16 96 158 BETA 1 8710 0420659353 34426000000
16 96 21961 283430713240 1961 283430713240
16 96 3 009599846 52488917942 133476420490 110247077
16 96 4-1,934651E-007 -284010604 4415013865 0O
16 96 5 O. ~1¢118959E~004 1e635091L=004 O
16 96 6 1+00C00000 3604000009999 Co O

N\ A%

186 6 6 1.00000000 604000009999 0o 0.
188 1 1 61 SIGMA 3 700 0400765404 9113000000
188 1 21961 272404341050 1961 272404341050
188 1 3 0.11193875 221463437010 119470460060 1.52613206 @!
188 1 4 O. 0604354981  ~1410200445 O
188 1 5 O. e o Oe
188 1 6 1.00000000 360+00000 Oe O
ENDDATA
ENDOF JOBR
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Wolf Rosearch and Development Corporation MAKETAPE

MAKETAPE
(Make Input Tape for TELTYP)

INPUT DECK: Manual Schedule Tape Mode.

INPUT DATA: (1) TELEFORM punched in cols. 17-24.
Used if the message is to broken into
90-line segments.

(2) Data cards to be converted to teletype.
(3) FINDATA punched in cols. 17-24. Used

to terminate the data deck.

OUTPUT: - Logical tape 11 is input to TELTYP. See writeup
of program. The tape can be printed using data
select one. The output will consist of a listing
of the input data cards with the sentinels required

‘ by the TELTYP program.
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MAKETAPE

490 4040N3
V1ivaaQN3
Vviva NIS

*S3IWIL 6 § £ 9 6 % € 2 T G MDOV&E S 90C AZv] FHL ¥3AC Q3dWNr XO04 NMO¥d DIND JHL

L *SIWIL 6 8 L 9 6 % € 2 T 0 %v1 S 900 AZy1l IHL ¥3IAG QIJWNC XO4 NMO¥E JDIND IH
ML *S3ZWIL 6 8 L 9 ¢ % € 2 T 0 Mvg S 900 A7¥71 3FHL ¥3IA0 QIHWNC XOJ NMONE dDIND 3
3HL *SSWIL 6 8 L 9 G % € 2 T 0 33OVY@ S 90Q AZY1 IHL ¥IAO Q3dWNC XO4 NMOdE WDIND
Jul *S3IWIL 6 8 L 9 6 % € 2 T 0 %dvg S 904 AZ¥1 IHL HIA0 QIJWAC XOd4 NMOHE ND1ND
® IHL °*SIWIL 6 8 L 9 6 v € 2 T 0 3I¥A S 900 AZV 3HL ¥3IAO QIJWNT XO3 NMONE MDINn
ND FHL *S3IWIL 6 8 L 9 G % € 2 T 0 3OvA S 939G AZV1 IHL ¥IA0 Q3IdWNr XO4 NMO¥E DI
ING 3HL *S3WIi 6 8 L 9 G % € 2 T 0 32¥8 S 900 AZy1 3L ¥3IA0 Q3dWNr XOd4 NMO¥E M
SIND 3HL *S3IWIL 6 8 L 9 G % € 2 T 0 ¥DVA S 900 AZV1 IHL ¥3A0 d3dWNr XOd4 NMONE
SOIND 3JHL *S3WIL 6 8 L 9 6 % € 2 1T 0 MOVA S 2900 AZYT IHL ¥IA0 Q3I4WNC XOd4 NMOYE
Y¥OIND 3HL *S3WIL 6 8 L 9 G % € 2 T 0 O¥A S 900 AZV1 3HL ¥IA0 Q3dWNr XOJ NMOdd
g SOIN® 3HL *S3IWIL 6 8 L 9 6 % € 2 T 0 MDvA S 900 AZV1 3HL ¥3A0 G3dWNr XO4 NMOY
¥E MDINO 3FHL °*SIWIL 6 8 L 9 6 % € 2 T 0 MOva S 900 AZY1 IHL ¥3IA0 QIAHNr XO4 NMO
0¥R ¥IIND 3HL *S3IWIL 6 8 L 9 G ¥ € 2 T 0 5OV S 900 AZY1 3IHL d3A0 Q3dWNC X034 NM
MOME ¥DIND JHL *S3IWIL 6 8 L'9 6 % € 2 T 0 3Ov8 S 900 AZV1 3HL ¥3IA0 Q3IJWNr XOd N
NMOYG YDIND 3HL *SIWIL 6 8 L 9 G # € 2 T 0 MDIVE S 900 AZV1 3HL ¥IAO Q3dWNr XOd
NMO¥E YDINO IHL *S3AWIL 6 8 L 9 G ¥ € 2 T 0 3DVE S 90Q AZV1 3HL ¥3IA0 Q3dWnr XOd
4 NMOYE MDIND 3HL *SIWIL 6 8 L 9 G ¥ € 2 T 0 MOVE S 900 AZV1 3HL ¥IA0 JIJWNT XO
O4 NMO¥S MOIND 3HL *SaWIL 6 8 L 9 ¢ % € ¢ T 0 Ove S 50d AZv1 3HL ¥3IA0 QIJWNC X
XO4 NMOUE MDIND FHL *SIWIL 6 8 L 9 & % € 2 T 0 XOVE S 900 AZY1 3IHL ¥3IA0 GIJWNC
XO4 NMO¥A MDIND 3HL °*S3IWIL 6 8 L 9 G % € 2 T 0 Ve S 900 AZV] 3HL ¥3IA0 Q3dWNr
r XOd4 NMOM¥E MDIND 3HL *S3WIL 6 8 L 9 ¢ # € 2 T 0 MOVE S 904 AZy1 3HL ¥3A0 a3dWN
NF XO04 NMO¥A MDIND 3HL °*SAWIL 6 8 L 9 G #» € 2 T 0 MDOVA S 900 AZV1 3IHL ¥3A0 A3dW
WNr XO4 NMO¥E DIND 3HL *S3WIL 6 8 L 9 6 % € 2 T 0 YOva S 900 AZVT 3FHL ¥3A0 A3d
dWnC XO04 NMOUE ¥OIND 3JHL °*SIWIL 6 8 L 9 G # € 2 T 0 VG S 900 AZV1 3HL ¥3A0 03
JdWNC XO4 NMOYUS SDIND 3HL *S3WIL 6 8 2 § 6 % € 2 T 0 ¥Iva S 500 AZV1 3HL ¥3A0 @
G3dWNC X04 NMO¥E MDINO 3HL  °*S3WIL 6 8 L 9 6 v € 2 T 0 dOVAE S 900 AZV1 3IHL ¥3A0
V1VQ¢3dVLINVNW NN ’
283dVLIINVNW gor
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Wolf Research and Development Corporation

XYZLAR

XYZLAR

(Look Angle Report from x, y, z, Coordinates)

INPUT DECK:

INPUT DATA:

Manual Schedule Tape Mode

The input data is composed of sets, or units,

each of which consists of a standard station card, a

|

"request’card, and O'ptidnél ephemeris data. Ephem-

eris data is required only in those data units which

initiate a new vehicle or satellite output. The source

of ephemeris data is either punched cards or an ephemeris

tape (unit

7).

The order of cards for an input dataunitusing ephemeris

cards and initiating a new satellite is as follows:

(1) Standard Station Card

(2) Request card specifying time parameters for the

look-angle computations and input/output options.

Cols.
Cols.
Cols.
Cols.
Cols.
Cols.
Cols.

Col.
Col.

Col.

Col.

1-4
5-7
8-9
10-11
12-13
14-17
25-34

44
45

46

47

b

year
day base time of
hour ~ |desired look-~
minutes ngle
seconds -predictions
thousandths of seg

maximum increment of time from base

time, for desired look-angle predic-

tions. When blank, all ephemeris

data will be used to generate predictions.

0=
1 =

- O
1} "

0=

ephemeris follows on cards

only output of visual sightings
desired

output of all sightings

include negative elevation sightings

in output
positive elevation sightings only in output

Not interrogated by program

5-9-1
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Wolf Research and Derelopment Corporation

(3)

(4)

(5)
(6)

Vehicle identification card containing the alpha-

numeric vehicle name in columns 1-16.

Epherneris cards, in order of increasing time

increment over base time.

Cols. 1-14 time increment, in minutes, from.
base time '

Cols. 15-28 x coordinate of vehicle position

Cols. 29-42 vy coordinate of vehicle position

Cols. 43-56 z coordinate of vehicle position

Blank card to terminate the ephemeris cards.

Blank card to terrninate program.

This set or unit of input data (1-5) will generate

one schedule of look-angles for the vehicle data con-

tained on card types 3 and 4. Additional schedules for

different stations are obtained by adding station and

request cards, in pairs, after the blank card (5).

To obtain schedules for vehicles or satellites in

addition to that of the first input unit, another ephem-

eris card set (1-5) is required. A minus sign (-) must

be punched preceding the station number (cols. 1-4)

, of the station card. Schedules for different stations

result from using station and request cards, in pairs,

as above.

The order of cards for an input data unit using the

ephemeris tape is as follows:

(1)
(2)

(3)

Standard Station Card.

Request card, as above, with two exceptions:
Col. 44 1
Col. 47 1

ephemeris tape to be used

punch ephemeris data
0 = no ephemeris card output

Blank card to terminate program.

5-9-2
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Prediction angles for additional stations for a
given vehicle are obtained by adding additional station

card-request card pairs before the blark card (3).

OUTPUT: The basic output is a schedule of predicted look-
angles for a particular station at specific times. The
report headings are the satellite name; the label L.OOK-
ANGLES FOR, followed by the station narme; and

headings for the sighting coordinates and time data.

Each data line consists of a day of year, hour,
minute, and fraction of minute of the search point; the
predicted right ascension, declination, azimuth, and
elevation in degrees; the predicted slant range in
kilometers; and the elevation and illumination angles
of the sun. The sun data indicates if the satellite will

be visible at the time and location of prediction.

In addition to the look-angle data output, the pro-
gram will also produce punched cards containing the
satellite' s ephemeris data in the format of the ephemeris
card input. The punched cards may be obtained only
when the ephemeris information originates from ephem-
eris tape input. A 1 punch in column 47 of the first request
card for a given satellite will produce one set of

ephemeris card output.
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Wolf Research and Development Corporation

2

3

4

000000

51011 1213 14

0¢
34
11 111411

09
5%
11

00
1
1
22222:224221212
33333333333333
444844 4440444414
5555555555555§
66666666666666
1717171111 11171 17

poooooo0000000
BETNNN2BNERUN
[EERRRRRRRRRER]
222222222221222
3333333331331333
4444404444409
5555565555584855
66666666666666

T1111117171171111

I EERRERERERRER

00000000000000
s 0 31 3233 34 35 38 37 2. 40 41 42
IARREREERRERAR
2222222222222
333333333233333

MAd444444640444

58555555555555%
66666666666666
1171117111111
38880F888808838

i

9999999 34
NI VNHUBR “

998
REEL)

47|

0000000000000
42444546 47 0 3051525354 55
IR RRRRERARRRRE
222222222221222
33333333333333%
A ddaaidniid
5555555595555 5%
66666666666656¢€

1111111111110

:

Field Cols.
1 1-14 Time increment, in minutes
2 15-28 x coordinate of vehicle position
3 29-42 y coordinate of vehicle position
4 43-56 z coordinate of vehicle position

Ephemeris Card
XYZLAR
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XYZLAR

] 21314/ § 6
\
oo00o0[0000000/000000 00600000000
023 4)3 8 70 M10 1112 7 74 5 1 1 Munx2annnnnn
[RRRIIRRINIRIHBRERE |IRRRERRREN
222221224221222222 2222222222
33331333]33{331333333 3333333333
A444jadajddiiddeaniy 4444444444
§5555(55555(55(555555 5555555555
66666668666666666 66666666606
(A RR IRRIRIRIRRARE N171171711717
ssstassneag 888088 88388888838
b b A P A
SORLEY 081
Field Cols.
1 1-4 Year
2 5-7 Day
3 8-9 Hour
4 10-11 Minutes
5 12-17 Seconds
6 25-34 Time maximum
7 44 1, ephemeris tape data input
0, ephemeris cards data input
8 45 1, visual sightings only
0, all sightings desired
9 46 1, negative elevations permitted
0, only positive elevations desired
i0 47 1, ephemeris cards punched

0, no punched cards

Request Card
XYZLAR




XYZLAR ’ Wolf Research ond‘Dwelopmenr Corporation

Jos XYZLARB2 TEST

RUN XYZLARBZ»DATA
0026+428481-2859292 4040 9 O002601SCHENECTADY NY GE132 6016 45
1962239071919.000 11

MARINER JPL 3
000000004000 041261537+000 049894477+4000-02643508+000
0430000004G02-0421407764001-045406414-001-0+1112388+001
0600L0VOU+002-0435557174001-041370979+001-0.1418331+001
0.9000000+4002-044681876+001-0.2591086+001-0+41604181+001
001200000+003-045068458+001-0.3736457+001-041741359+001
Cel500000+003-046571064+4001-0448272274001-01852486+001
0e18U0000+003-0.7416836+001-0.5876545+001-0+1947488+001
0+21G0000+003-048221219+001-0.6893212+001-0+2031574+001
0424000004003-0¢8993919+001-0+7883390+001~-02107805+001
Ve270000U+003-0e9741469+001-048851568+001-0.2178128+001
Ue3000U0U+003-0+1046850+002-0.98011284001-0+2243854+001
0433000004003-0¢11178424002-041073469+002~0+2305907+001
04360UN000+003-0.1187383+002-041165433+002-02364962+001
0+3900000+4003-0,1255675+002-0.1256172+002~0.,2421528+001
0e4200000+003-0413228794+002-041345823+002-0+2475995+001
Ve4500000+4003-0.1389125+002-041434501+4002~-0.2528668+001
0.4800000+003~0.14545224002-0.1522302+002-0.2579795+001
0+451000004003-0,1519158+002-0.1609307+4002~-02629574+001
0454800004003-0.1583111+002-0.1695589+002-0+2678168+001
0e5700000+003-0416464434002-041781206+002-042725714+001
0e6C00000+003-0417U9210+002~0.1866213+002-0.2772325+001
0+6300000+003-0.1771461+002-0+19506574002-0+.2818100+001
0e66UC00U+003-041823237+002-042034578+002~-02863120+001
0.6900000+003-0+1894574+002-02118013+002-042907457+001 -
0e72000004003-0419555074+002-042200996+002-0.2951173+4+001
0.750000U+003~0.2016063+002-042283555+002-0+2994323%+001
0.7800000+003-02076268+4002-042365717+002-043036952+001
0.8100U0U+003-042136145+002-042447506+002-0+3079104+001
0e8400000+003-042195716+002-02528945+002~03120815+001
0«8700000+003-0422554998+002-042610052+002-043162118+001
Ue90C0000+003-042314010+4002-0.2650846+002-0+.3203043+4+001
009300000+003-042372766+4002-02771343+002-043243616+001
0e9600000+003-042431281+002-02851560+002-03283861+001
0.9900000+003-042489567+4002-042931509+002~03323800+001
0¢1020000+V04-042547638+002-043011204+002-03363452+001
0+1050000+4+004-0+26055034002~0,3090657+002-043402834+001
0.1080000+004-042663173+002-0+3169880+002-0+3441964+001
0¢1110000+004-042720658+002-043248881+002~0.3480855+001
0411400004004~042777965+002-043327672+002-043519522+001
0.1170000+004-042835103+002-0¢3406261+002~043557977+001
0.1200000+004~042892080+4002-0¢3484657+002-03596231+001
0¢123C000+U04-0¢2948903+002-03562868+002-0+3634295+001
04126C000+004-043005577+002-0.36409004002~03672179+001
0¢1290000+4004-0,3062110+002-043718761+002-0+3709891+001
041320000+004-0¢3118506+002-043796457+002-03747441+001

0337+189167+1556833 1372 611 SOUTH POINT (HAWII) 111 031061 4S
1962239071919.000 : 11
MARINER JPL 3

ENDDATA
ENDOFJOBR
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XYZLAR

R+ABHBRBRARERRBKB

MaRTNER PL 3

*

LOOK ANMGLES rFOb SUHENECTAUY ANY

DaY

V?;q
2J3¢
239
280
736
240
23¢9
24¢Q
249
200
280
709
Pae
230
749
23¢
PEC
249
24¢
P8¢
?de
P89
240
236
280
24¢
2389
739
740
8¢
3¢
foQ
Pde
209
van
2&p
2&n
28n
2sn
24n
240
7en
26n
zer
240
2en
2én
20
260
Pan
Peq
2ap
24n
2an
240
24n
24n

TIVE

2
71932
749,32
B19,32
ndg 32
919,32
949,12
119,22
1149,32
1119.,32
1149,32
1219,32
1749,32
111°,32
1149 ,32
1419,32
14473 ,32
1%19,32
149,22
1419 32
1449,32
1749,32
174°,22
1u10 22
1749 ,32
1019,22
1940,32
2n19,32
2n49 32
2119,32
214,32
2219.32
2749,32
2310,32
249,32
1¢,32
49,32
110,32
149,22
v10,32
740,32
%19,32
449,32
419,32
440 32
519,32
H40,32
619,32
+49,32
719,32
749,32
R19,32
R49,32
919,32
940,32
1019,32
1n4o, 32
1119,32

KaoAs

DEG,
32‘0943
185,735
201,855
2094493
2144122
“17.297
219,438
2214448
PR2.897
224,667
225, 0ud8
725848
7264525
227,093
727,568
227,962
wob,287
?2F.89)
D2R,764
7PR 929
229,094
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DEG
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324,249e46,400
3394,429249 ,477
345,544453,0:8
357,274°54,717
9,119~51,.4%6
2n 54050 012
34,134=67 614

RANGH

KM,
B94y,
P1473,
X009,
agedn,
50369,
CAR47,
£6064
74772,
82121,
89n43,
96761,
103201,
110483,
117426,
123445,
ryonbu,
136184,
1492F8%,
148127
154074,
169097,
157196.
173294,
179197,
1944738,
197064,
204092
290877,
216704,
223090,
229737,
234020,
24207k,
249176,
A585F1E,
2K249R
2A900Y,
275084
2K2¢9¢,
2rQA50,
294202,
3“29‘,1 »
ALTTS-128

Jebx4p, -

3p24985,
329%7%,
336114,
AFYLY IR
Jegogd,
355108,
361545,
3A700,
373789,
379754,
JASK46
391456,

SUNS TLLUMIx
ELEY NATION®
'27v9 28-0'
24,1 110, 3%
19,9 111,5*
15,3 110, ,4»
'10.4 1“9"‘
“5,4 {ull 6%
=n,1 108, 0*

5,3 1U7,%s
iNe8 tu/, 0
16,2 106, 6
21,7 106,3»
27,2 196,0s
32,5 105,8»
37,6 105, 6"
42,4 105,49+
44,9 105,2~
50,8 105,14+
54,0 (U4,9¢
56,1 104 Be
57,2 1u4,7#
54,9 4u4,6e
55,3 1ud,5¢
52,7
49,2
45,0
40,4
35,4
30,2
24 .8
19,3
13.8

A,3

2.9
«2,5%
P7.7
-12.7
-17,%
=22.0
=260
-29,6
'32|7
35,0
'3!7|5
~37,2
=37,1
«38;0
-34'1
34,5
-28,2
'2‘|‘
20,2
~15,5
’10-7
»5.6

104,32
114,2*
14,2
1b‘01-
Ltvua 0w
1U4,0v
103,90
103,9»
1063,9+
1U3, 84
{ud, 8e
103,7
103,77
103,7
103,74
103 6+
103,6¢
103,64
103,6*
Lu3.b*
103 .5
103,59
403.5»

113, %
103,95
103,55
103,49
1u3, 4w
103,49
103,4,
‘0-3 103.‘.
5,1 103, 4
10,6 103,40

1144 4w

103,5¢



Wolf Research and Development Corporation POSE

. POSE

/ (Point Search Ephemeris)

INPUT DECK: Manual Schedule Tape Mode

INPUT DATA: (1) Request card:
Cols 1 —5: T-gtart in minutes (DDDD.)
(minimum period expected)
Cols 6 —8: At in minutes (DD.) (time increment
used to increase period)
Cols 9—13: T-stop in minutes (DDDD. )
(maximum period expected)
Col 14 output options:
1 = long form requested
2 = short form requested
(2) Standard Observation Card
{3) Standard Station Card(s)

‘ (4) Option Card:
Cols { —4: —1 =read another unit of input data
(cards 1—4)
0 or blank = terminate program
OUTPUT: Logical tape 11 contains a table of look-angles,

- for each station requested, in either long or short
format. The short form of output consists of look-
angle information, time of cressing in days, hours,

and minutes of'Zebra time; elevation and azimuth angles;
and slant range in kilometers. The long form includes,
in addition, the Cartesian coordinates of the station and
object.
The TELTYP program may be used if teletype

transmission is required.
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3
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95555

£22(022122)2R

Cols.
1-5 T-Start in Minutes
6-8 At in Minutes
9-13 T-Stop in Minutes
14 1, Long Form of Output
0, Short Form Output
Note: Decimal points may be punched anywhere.

in each of the first three fields.

Request Card
POSE
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POSE Woif Reseiarch and Develo;.ment Corporation

POINT SEAPCH PRNARAM ‘f}

STATION LATITUDF = 76.5438  LANGITUDE = 591’6897 E£AST  HEIGHT = 349, METERS
URSERVED TIME = 58, NAYS 1f, 4AURR 17, wINUTEG 47.40 SECANNS ANMT
ELEVATIGN & &d.apgn  AyIMUTH s 2.900n RANGE 8 33,0 XM/4%

THETAG =  344,27912 DEGRIFS
TupTaS ®  242,90232 ppGR:FS
CaPR_® »358,216 KM _
"GFOCENTPIA STYATT N LATITINE = 41.33477 RaBTANS

xT = Bd9,491 £TA ® «13K1,3649 ZFTA = A18¢,029 KM
DECL ® 1,3509 pa = 0,9051 RANRIAVS T

CoPX ®  @77,904 CAPy = =1222,708 C8Py 3 481,929 KM
Thg COORDTNATES fF THp POINT Ty Tup IVEPTIAL ReppRENCreSYSTEM APg
X & =fa1,181 v x «1PbE,P3A 7 m 6417 ,534 wie

BsRhEBBBRYRERRRR 516
»
[
TRy F GRFEN ANNBMTNS KLk UNINENTISIED a8 ECTs .
{FeRa TTwF FLEY AZTM RANFEw
DAY HR  MTN AMG . ANG, Ky
5b 14 37,79 25,7 294,n 544
5b 11 42,79 24,2 293 R 514
58 11 47,79 22,1 28%,s $3Re
56 14 82,79 23,5 293,64 643 —
58 14 §7.79 20.2 293, 5934
by 12 2,7¢ 19.% 293, 7294 t
e 12 7,79 48,1 29X%.7 750«
56 12 12,79 47.¢ 293.,9 774%
€6 12 17,79 46.7% 294,14 8k e

be 12 22,79 45,4 294,31  Bx3e B
QB 127P7,79 1d, 1 IV K ELAN

*n
RERRFPHBBPERKERRRAR 450
*
*
TOMsKk USSR 450 UNTRENTIrTED 98 pCT#
LFBERA TIMF FLFy AZIM ReNGPS
uaY HR  MIN ANAL  ANG, Kye
NU VISUAL PAggF S«
*
RhrbsbEHBP sRBBRAR 864
*
M .
SUMDRESTROM "AFR figN| K49 UNINENTIFIED OBJELTS
ZcBRE TTHF glLel  BIIN RiNepe
UAY HR MTN AMS,  ANG, Kye
NU VISUAL PASSES# )
%
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Wolf Research and Development Corporation ORPS

INPUT DECK:

INPUT DATA:

OUTPUT:

ORPS
(Orbital Plane Search)

Manual Schedule Tape Mode

The input data is in u.nits consisting of an. eliement
set, a sAtation card, and a request card. Any number of
units may occur. The last unit must be followed by a
blank card to terminate the program. Each unit will
consist of:

(1) Standard element set (6 or 7 cards)
(2) Standard station card
(3) Request card:
Cols. 1-10¢ Start time of search (days of year)
11-20: Time increment betwéen s\earch points
(minutes)
21-30: ' End time of search (days of year)
31-40: Observing station's search azimuth
angle (degrees)
41-47: Station's maximum slant range
(kilométers)
48-57: Station's minimum elevation angle
{degrees) ‘
58: 1 punch-—visible passes only.
(4) Blank card, will terminate the program. The card

should follow the last repetition of (1) to (3).

The search point data for a satellite is preceded by
the satellite elements, request information, year con-
stants used in the calculations, and the station data. Each
line of the search point data consists of the year, month,
day, hour ana minute; the right ascension, declination,

azimuth and erevation in degrees; the slant range in

5-11-1
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ORPS Wolf Research and. Development Corporatiof

kilometers; and the elevation and illumination angles
of the sun in degrees. The information is in order

of increasing time during the range requested. If only
visible passes were requested, a check is made and A

only visible points will appear in the output.
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ORPS

3 | s
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§18900

0000000
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3
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5555555555
6666666666
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99999999
454
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khnnuonuooﬁhoooooaoo
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fri)1i
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99/19999999999(99999999949(999938
121 TANI RN HER Y BN AN D OANA RN AN MR INEN
ORIV $o01

RIRNMZEXA2%290

XKRERRERE
22222222222222222222
3333333333
RYYYIRIRY

§5555556855

3333333333
YRR YYY
5555555555
666666666656, 6666666
(RARRRRRRE/ RRRRERERR]

9981999999498
ANNWH QUG 80N

-
>

poodo0co00cCo00O0DO00O00D0OCO000D000|0

3132 39 34 35 38 37 30 20 40141 42 43 44 45 4 41/48 49 50 51 52 53 54 55 58 57 SHAR
trirrrrinap et anip

5655555555/555555515555555555
6666666666666666666665666€6
11111 TIIrIIIIITIIII N
88856066 80/8688080888/680388848¢8
-

AR %]

HERS

2222222222{12222222{2222222222)222%222°282%Q¥
3333333333(3333333133533333333
G404 4404440044444 408444444

Field

L IR e AN S Y N S

Cols.

1-10
11-20
21-30
31-40
41-47
48-57
58

Start Time

Time Increment

End Time

Search Azimuth

Maximum Slant Range in Kilometers

Minimum Elevation Angle in Degrees

1, Visual Passes Only

Request Card

ORPS
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Wolf Research and Development Corporation

ORPS
(o
JoB ORPSHZ2
i RUN ORPSB2»DATA
33 13 160 GAMMA 3 1100024445879 51287999
33 12 21960 17637720871 1960 176437720871
33 13 3 206497800 29127649 166.96225 1.04471998
33 13 4-5,3074610E-09- 449070522 367491586 ~4.1834598E-05
33 13 5«0 E- -0 E- =0 E- =0 E-
33 13 _60. Oe o De Oe
0300+107330+0616000 146 5 030001TRINDAD 159
19G«916670 10, 191.33333 120. 4000 O
ENDDATA
ENDOFJOBR
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Wolf Research and Development Corporation ORPS
OKIITAI PLANF SEANCH ANU XY LOUK ANGLE PROGRAM
SAT NO, 33 EVEM MO,  13r
UhbzTaL ELEMENTS R
Uyl760000N+003 U,87720871+000 U.64978000-001 ~0,53074610~008 0400000000000
Zrelbddolymuys g utngoon+ogu U.29127649+003 “U.49070522+002 0.,000000006+000
Celbovb22%5+003 0.07«91534+001 U,00000000+000 0,24445879-0y3 0:51287999+002
Vit weiEIn STEP TTHE FNTT SEARCH AZTMUTH
1y0.91667 106,000u0 191,33333 120,00080
PrAx = 4000, HMIv = g,
[heTa(U) = 98,674608 LONG SUA = 278,55980 cl4 = 3.69265
SialluN NaMg LaTiTune LUNGITULE=W ST  HEIGHTe
RInlaAb 19,738 ~1,0000 14,
sal Nui 38 BfEM MU, 13+
Tide () SEARCH  POTNT ELEV ILux
Yr rUN DAY HR MIw Ha e A ELEV SK SUN ANG*
6o Jul 22 4 2/a,3 =2/, 140 U 7.5 2471, »0,3 6,4
6L wUL ¢ 22 40. 277,7 =206,7 120 0 1C.4 2253, 2,6 b,c*
6y VUl & 22 56 27#.7 =25,7 120 0 13,7 2037. LLIY] S.9%
6r UL h 23 n 275.3 =~24,4 140 ¢ 17.6 1824, 27,4 5.7 ¢
61 UL 23 14 27%,1 =22,7 120 0 22,2 1617, 9,38 5,5¢
by UL & 23 2a» 270,1 -20.4 120 0 27,7 1418, =31.,5 S.c*
6u wUL B 23 90 Po6,0 =17,3 120 0 J$4.R8 1230, 13,7 5,0
bu uUl 5 2% 41 ?en,?2 =13,1 120 1 43,8 1061, =15,9 4,y
bu UL b 22 5n ?52.4 -7.2 120 1 55,5 921, =48,1 4,7%
6L Julb g h 242,¢ b, 120 2 /0.4 822, 220,28 4.0¢
6L Jug, g 0 1in 229.9 9.5 121 5 87,7 782. 22,4 4,4%
el wul 9 0 29 ?214.5 17,9 299 B 74,8 809, =24,5 4,27
6L wul 9 0 3n 2y4,0 24.1 299 9 53,5 895, =26,6 4,1+
6u GUL g 0 4D 19,6 28,0 299 9 47,3 1025, 28,7 4,0
6u Wbl 9 u 59 18%,7 30,1 3000 47,9 1185, =30,7 3,9
6t vul - 9 1 n 170.8 -31.1. 300 0- $0.5 1362, =32,7 S.b»
&0 wUL 9 1 1in 17,6 31,6 300 0 24,9 1581, -34;7 3,7+
&b JUL g 1 .2n 17246 3147 ~300-0 -20..2 1747, - 236,56, 3,6 S e s .
&u vUL g 1 4n 17n,6 31,6 300 0 18,3 1947, =38,5 3,5%
- 80 UL 9 -1 -40-_160,2—31,4--300-0—13,0-- 2150, -—wd{, 4 R -] SO — Bl P
&L wUL $ 1 5&n 16A.3 31,1 300 0 10.1 23s4, ~42,2 3,49
Y SURNIVIE 92 N6 B I 73008 Ly B 2555 a3, L TS o e
6u vUL 9 2 10 167.7 30,4 3000 85,2 2744, rd5,6 3,8
.86 Jul 9. -27.-2-0————%#-.-7———331-0-_300—0——81—1—2‘1101——-47— 2 IO
6L UL 9 2 3 29.7 3000 1,1 3174, w487

n 1em,0
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Wolf Research and Development Corporation . ASUM

INPUT DECK:

INPUT DATA:

OUTPUT:

ASUM

(Acquisition File Summary)

Manual Schedule Tape Mode
SEAI Tape (A-File)

The output consists of the information contained

in the A-File of the SEAI tape. The output is
sequential according to satellite number and

includes satellite number, sensor number, sensor
name, pass code (all or visual), format request
(short or complete), type (all, 3-point, Baker-Nunn),
minimum azimuth, maximum azimuth, sninimum
elevation, maximum elevation, maximum range,

and step size in minutes.
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Wolf Research and Development Corporaiion . SSUM

SSUM

(Sensor File Summary)

INPUT DECK: Manual Schedule Tape Mode .
INPUT DATA: SEAI Tape {S-File)
OUTPUT: A listing of the sensor data contained in the S-File

is provided. The output includes sensor number,
sensor name, latitude in degrees, longitude in
degrees, height in earth radii, x/ cos® or -(C + H)
cos 0 in earth radii, z or -( S + H) sin ¢ in earth
radii, accuracy digit for azimuth, elevation and
range, classification, teletype request code, and

sensor type.
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ISUM Wolf Research and Development Corporation

ISUM
(Information File Suramary)

INPUT DECK: Manual Schedule Tape Mode

INPUT DATA: (1) SEAI Tape (I-File)
{2} Request cards with any of the following

entries punched in columns {-3;

{(2) Three decimal digit satellite number.
Any number of cards may be used to

request specific satellites.

(b} ALI.. The ALL punch requests all
satellite information, replacing request
card type (a).

(c) BOX. The BOX punch will provide a box
score of still orbiting satellites as addi-

tional output.

(d) END. The END punch signals the end of
request deck, and must be used as part of

the input deck.

OUTPUT: The I-File of the SEAI Tape is written for off-line
printing. Information printed out includes satellite
number, satellite name, launch date, launch site,

booster country and payload country.
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IS

UM

Wolf Research and Development Corporation

INFORMATLON SUMMARY

SAT. NUMBER
CLASSTIFICATION
CODED SAT, NAME
INTERNAT'L CODE
COMMON NAME
LAUNCH DATE
LAUNCH SITE
LAUNCH AGENCY
BOOSTER COUNTRY
PAY{ OAD COUNTRY
MISSION

WEIGHT (KG)
SHAPE

LENGTH (MTR)
HEIGHT (MTRY
WIDTH (MTRA
DIAMETER (MTR)
MEAN DRAG
VARTANCE

RAD X-5€EC (6 MT)
VARIANCE

MEAN REFLECT.,
VARIANCE

TUMB DATE & RATE
TUMBLUTNG MODE
STABTLIZATION
NANEUV. CHAR,
TRANS, FREQS

RECETIVING FREQS

DECAY DATE

-DETERMINED

LIFFTIME UYRS)
HELTO. ELMS. E
A
o1
Q2
I
P

5-14-2

09=-10-62 0927,&‘}

084

61.06

61ZETA
PISCOVERER21
18FEB 61
VANDENBERG AFB
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ISUM

Wolf Research and Development Corporation

INFORMATION SUMMARY

SAT, NUMBER
CLASSTFICATION
CODED SAT, NAME
INTERNAT*L CODE
COMMON NAME
LAUNCH DATE
LAUNCH SITE
LAUNCH AGENCY
ROOSTER COUNTRY
PAYLOAD COUNTRY
C MISSTIO
WEIGHMT (KG)
SHAPE '
LENGTH (MTR)
HETGHT (MTR)
WLDTH (MTR)
DIAMETER (MTR)
WEAN DRAG
VARTANCE
RAD X-5€C (6 MT)
VARTANCE
MEAN REFLECT.
VARIANCE
TUMB DATE & RATE
TUMBL'TNG MODE
STABTLIZATION
MANEUV., CHAR,
TRANS. FREQS

RECEIVING FREQS

DECAY DATE
DETERMINED
LIFFTIME (YRS)
HELTO, ELMS. E

5-14-2

09~10-62 0927.8 !

o84

61.06

61ZETA .
DISCOVERER21
18FEB 61
VANDENBERG AFB



Wolf Research and Development Corporation TELTYP

i
TELTYP

(Teletype Output Conversion)

INPUT DECK: Manual Schedule Tape Mode.

INPUT DATA: Tape 11 is scanned for sentinels marking the
beginning and ending of messages to be converted

to teletype code. All appropriately marked mes-

sages will be converted.
Sentinels used:

{. BBBBBBEBBBBBBB (14 B's): this sentinel

marks the beginning of a message to cenverted.

2. * $: the asterisk followed by a dollar sign

marks the end of a message to be converted.

" QUTPUT: Tape 11 contains the data converted to Baudot

code following output previously written on the

tape.
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Volf Research and Development Corporation

BMEWSPT

INPUT DECK:

INPUT DATA:

OUTPUT:

BMEWSPT

(BMEWS Paper Tape)

Manual Schedule Tape Mode.

Tape 0 should contain the Q point data from

the DIP as described in the writeup.

Tape 7 will contain observation information
in the standard format required for input to
ORCON. :

5-16-1




Wolf Research and Development Corporation

BMEWSPT

INPUT DECK:

INPUT DATA:

OUTPUT:

BMEWSPT

(BMEWS Paper Tape)

Manual Schedule Tape Mode.
Tape 0 should contain the Q point data from

the DIP as described in the writeup.

Tape 7 will contain observation information
in the standard format required for input to

ORCON.



