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FOREWARD

Considerable effort has been made to make this document accurate.
It is inevitable that mistakes will remain, therefore please advise
the authors of any discrepancies.

The Program is very flexible and its design has followed the
requirements of the line interferometer gso far. There are many hidden
features (e.g., tracking planets) and additions are readily made, so
if you have a need not met by the program, again, consult the authors.

Efforts will be made ‘to keep the documentation up-to-date.

15 January 1972
MCHW

CHM



PREFACE TO THIRD EDITION

A small number of additions and improvements have been made to the program
and this edition updates and replaces the second edition. Three private disk
packs are now in use and can be allocated to major users of the system. A
small scratch data file "FREQS' is also available. Maps (HI or polarized S and
X band) stored on disk through the program can be displayed on the printer,
on the "ARDS" display or CalComp, or punched out on cards for input to other

programs. Maps can also be '"cleaned" and re-stored on disk.

Mel Wright

May 1972

PREFACE TO FOURTH EDITION

Several new subroutines have been added. The following are of general

use:

STACK and STORE-FLUX (Section 6)

PLANE (Section 8).
There are several new "Fixup" routines which have been moved into a module
called FIXUP. (For example FLIP and DELAY-COR (Section 6)). The 180K inversion
program can now apply a grading function to the u-v plane (Section 8). Six
disk packs (GHC1l through GHC6) each 23179 blocks and FREQS 4096 blocks are
now allocable to users. 1 have tried to keep this document concise and
accurate. Please advise me of errors or incomprehendibilities!

Mel Wright
September 1972
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1. INTRODUCTION

a) Purpose and Compatability

The Line interferometer program is designed to reduce and display
data from the NRAO line interferometer. Many of the reduction programs
have been re-coded from the Dual-Frequency system with particular atten-~
tion to simplifying the input. The 360 program described here is
separate from the Dual Frequency system, but users of the latter will be
familiar with many of the job steps. Compatability with Dual Frequency
data format has been maintained so that either Line or Dual Frequency
data may be reduced using this program. In particular this program pro-
vides an automatic way of inverting, mapping and displaying polarized

data.

b) Language

The program is a collection of Fortran and IBM - Assembler sub-

routines called by a Forth program. Essentially the Forth program pro-
vides a flexible language for defining operations and the program is

directed by punching Verbs and Parameters in free format input. The

program is compiled in an overlay structure so that one standard deck

together with the Forth directives suffices for all use of the system.

¢) The aim of this documentation is to provide a description of the
program and a users' guide allowing him to use and extend the present

program with his own subroutines.



The following sections provide a description of the Program and

examples of its use to reduce the data.

d) Data Flow

1. The data from the telescope 1s recorded on 7-track tape data
records.

2. The 7-track telescope tapes may be transferred to an "Observer"
or "Back-up" 9-track tape in the original data format by a separate
program, which rejects and gives advice of wrong length records, etc.

No reformatting is done by this program which only serves to store the
data on 9-track tape and release the 7-track tape.

3. Either 7-track telescope tape or 9-track observer tape may be
loaded onto disk and converted into a catalogued disk data set. The
data is reformatted at this time into 512 word records with the line data
scaled into 16 bit words by the "GAIN" settings. Error messages are
generated at the time the data is reformatted.

4., The data is catalogued, and can be accessed by Source and by
Scan number.

5. The data can be inspected, edited and calibrated on the disk.

6. The data may be written out and reloaded from 9-track tape for
storage at anytime.

7. Any continuum or averaged frequency channel(s) may be imaged into
a gridded u-v plane which is also stored on disk.

8. The u-v planes may be Fourier inverted in-core in a separate 180K job.

9. The integer maps can be stored on disk, cleaned and the

cleaned maps also stored for further processing and display.



10. A sequence of maps at an equal frequency interval may be
transposed into space-frequency maps.

11. Either RA-DEC or RA-frequency maps may be displayed as
printed maps or on the ARDS display as profiles or contours, oOr
contoured through the "CalComp" routines.

12, Maps can be stored on 9-track tape.
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2. ORGANIZATION OF PROGRAM

a) Forth
This is the users interface with the program and provides a flex-
ible free-format language for directing subroutine calls within the
program.
Two types of words may be distinguised in the use of Forth.
1) Verbs cause some action - usually a subroutine call
2) Nouns set parameters to make choices and do not need
repeating unless reset.
The user directs the program by typing a string of nouns to set
parametric input followed by a verb to cause the action to take place.
A fuller description of the Forth program is contained in Appendix 1

and a dictionary of Forth words is given in Appendix 2.

b) Interface
The Forth is interfaced to the subroutines in two ways.
i) through a Fortran main routine "INTER'" which makes
calls to the subroutines.
1i) through a common area ''USER" which contains all the para-

meters which are set by Forth Nouns to be used by the subroutines.

¢) Subroutines

The subroutines are written in Fortran or Assembler language and are com-
piled in a hierachical overlay structure. Additional subroutines may
be easily added by the user and directions for doing this are contained

in Appendix 3.



d) Data Flow

The data from the telescope consists of head records and data
records which are recorded on 7 track tape, which is the starting
point for this program. The 7 track tape is converted into a catalogued
disk data set of constant length (512416 bit integer) records and all
disk access is handled by the routine "FREQS" through a common area
"PRIME", FREQS is used to read and write records and index the data by
scan # and by source name.

Display, calibration, and editing may all be performed from the
disk data set without transfer to tape, but the data may be dumped or

transferred to tape at anytime.

e) Mapping

A 'source may be arrayed into a gridded u-v plane inverted to
obtain a map of the sky in any frequency channel (frequency channels
can be combined). These maps are also stored on disk and a subroutine
"ROWS" transfers the data through a common area "PLANE". In order to
obtain a frequency spectra at a point in the sky, the required fre-
quency channels must be separately inverted, stored and re-displayed

as a spectra.

f) Disk Layout

The Forth Program, Index by Scan, Index by Source name, Data and

Maps all reside on disk. The layout is shown in appendix 5. The user

must himself allocate blocks between 110 and 159 to hold the

indices for given sources, before a tape can be loaded.



3. LOADING DATA ONTO DISK
The line data 1s contained in a double precision word to avoid analogue

gain setting for the correlator. This is converted to single precision

(16 bits) at the time the telescope is loaded onto disk, the line data being
divided by the analogue gain settings used for the broadband correlators and
stored in the data records. The user may however provide his own scaling factors
independent of the broadband gains used at the telescope by GAINS and the
appropriate value of NU (see Section 7). For 10 NU = the broadband gains
recorded on tape are used to scale the line data into single precision and

the GAINS values are not used. The following steps are required to load

data onto disk.

A. Establish an index of sources:

TAPES LOAD load in program for tape I/0
ERASE-SOURCE erases the previous source index
160 DEFINE AVAIL sets the pointer to the next available block

on disk back to 160 -~ the first available
location for data (see Appendix 5).

DEFINE EVERYTHING must be defined here

110 GAINS 0202 INCLUDE 3C48 now follows a list of sources to be indexed

111 GAINS 0202 INCLUDE 3C48-1 Disk blocks 110 through 159 are used to hold

112 GAINS 0000 INCLUDE P0237-23 source index. These cards assign blocks
etc. to hold index for the sources to be included.

159 GAINS 0000 INCLUDE M33

FLUSH terminate index: Flush the index onto disk.



Note 1

Additional sources may be added to an already established index by
the appropriate INCLUDE cards and FLUSH
Note 2

You may add scans to an already established index of sources simply

by reading the tape, i.e. omit all the above.
Note 3

More than one source (but not more than 256 scans) may be included in one
block. In this case all the sources within the block are indexed by any of

the names.

B. Read the tape and transfer the scans to disk

Only scans of INCLUDED sources are transferred. Data from either
the telescope-tape or observer-tape may be read onto disk. For telescope
tapes the whole scan range is read. For an observer-tape the given scan

range is read. The appropriate JCL card must be included.

10 NU = TELESCOPE-TAPE reads the sources above onto disk,
reformats data and monitors ADC
and discontinuities in data.

10 NU = 1544 1699

1544 1699 OBSERVER TAPE transfers the given scan range

to disk.

The next available bloeck on disk is printed out by FIND AVAIL.
This tells you how much data you have on disk. Maps must be stored after

this location to avoid overwriting the data.



4. DATA DISPLAY

Data may be accessed by source and by scan number. Printed numbers

or plots can be obtained for the different receivers or correlators.

Most of the displays are driven by SCANS. This is the verb which
causes the selected action for each scan in the given range.

A. Displays driven by SCANS

HEADER

BASELINES

LOOK

DELAYS

SPECTRAL-DENSITY

PROFS

DISPLAY

DUMP

HEX~-DUMP
MONITOR
DELAYS

Example 1: Displays of correlators may be printed as

amplitude and phase (VECTOR) or real and imaginary (COMPLEX)

Choices are listed below:

CONTINUUM
FOR | CUPRTUUNG | Rx-stms VECTOR AVERAGE | 100K| ml m2 SCANS
m
ENAME | RRoSUMS COMPLEX | n INT = "
s ml  A-SCAN
PX-AB

RX-ABCD
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The verb is SCANS which drives the digplay over the given range. One

record (1 INT =) is the default value. Parameters remain constant unless reset.

Examples are:

1) FOR EVERYTHING
prints amplitude and phase of continuum
CONTINUUM VECTOR LOOK
channels (1 line per record)
3000 3024 SCANS

2) FOR NGC2403

prints added line channels for NGC2403 from
RX-SUMS VECTOR LOOK

scan 3000 to 3024 (1 line per record)
3000 3024 SCANS

3) FOR EVERYTHING
AVERAGE BROAD-BAND prints the scan-average as real and imaginary
COMPLEX LOOK for both continuum and rx—sums
3124 3135 SCANS

4) RX-CD VECTOR LOOK prints the line data 8 pairs to a line
1560 1780 SCANS for the (second) 96 frequency channels

5) DUMP 1010 1050 SCANS the whole record is dumped in decimal

HEX-DUMP 1030 A-SCAN gives a hex instead of decimal dump.

Example 2: Plotted output. The following options are available:

EVERYTHING CONTINUUM
1) FOR RX-SUMS
SOURCENAME BROAD-BAND

AMPL AVERAGE

PHASE n INT = MONITOR | m1 m2 SCANS
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Example 2: Plotted output

2) 0 30000 SCALE set scale
EVERYTHING | AMPL RX-AB
FOR | o ircENAME | PHASE RX-CD SPECTRAL-DENS ITY ml m2 SCANS

A matrix printout of 96 frequencies. The range given in "scale" is divided into

20 equal intervals which are printed as 0, blank, 1,blank,2,-----—-,9,blank.

3 RX-AB | pRoFs 1030 1400  SCANS Self-scaling amplitude and
phase plot of scan averaged
profile.

4) REAL

PLOT ;Imeéi g(I)IIgESUM DISPLAY 1034
PRINT |  PHASE RX-AB FREQ 10,15,16,17,20,%| ASCAN
COMPLEX
VECTOR
Display prints up to 20 columns or plots up to 10 columns of numbers.
Example 3: Analog displays
HEADER 1010 1050 SCANS a print out of header information
BASELINES 1010 1050 SCANS prints out baselines
WATER 1010 1050 SCANS water vapor receiver
s delays in

DELAYS prints three chosen amplitudes and phases versu

binary. A correlator list is also required thus:

CONTINUUM
RX~SUMS DELAYS 1015 1050 SCANS

RX-CD FREQ 10, 11, 12,%

% N.B.: The final "," at the end of the list of scans or frequencies.
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Independent Displays not using SCANS

1) LIST-SCANS lists scan numbers
on disk

2) PROFILES
Profiles down the page may be obtained for selected scans by

SCAN-LIST 10, 100, 1000, 1001, 1002,

REAL
PRINT IMAG
PLOT AMPL
PHASE
COMPLEX
VECTOR

PROFILES
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S. CALIBRATION

Five calibrations are envisaged:

i) interferometer baseline
i11) observing-frequency dependent instrumental phase
iii) instrumental phase
iv) shape of the IF passband
v) instrumental gain
i) Baseline Calibration
BASES LOAD load program
5 VARIABLES
CONTINUUM use continuum channels
CAL 3C48 100 200 SCANS
CAL 3€309.1 150 300 SCANS EZiSC;: ;:zeigzzczzlzgrgiions
CAL 3C418 170 270 SCANS
SOLVE performs a single least squares

ii) Combined Fit

iteration to the phase of the
continuum data to improve the
5 variables: phase center,
Bx, By, Bz, K

A combined baseline and phase-frequency fit may be made by:

6 VARIABLES

RX-~SUMS use added line channels

CAL 3C48 500 1700 SCANS

CAL 3C209.1 550 750 SCANS sources to be used as
calibrators

CAL 3C295 600 755 SCANS

SOLVE performs a least squares iteration to the phase of the

continuum or line-sum channels to improve fo, Bx, By, Bz, K, d¢/df.
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These calibrating programs print out the best fitting parameters,
their rms deviation, and a correlation matrix of the variables. Inspection
of the data as a phase~time plot can be obtained before and after the
data has been corrected. The corrections are stored and may be applied
directly:

BASE-COR 500 1000  SCANS applies the stored baseline
v, BANDWIDTH corrections to all bandwidths

BASE~COR 600 700  SCANS corrects the data for bandwidth
"n" 1210 MHz thru 9=39 KHz
n=0 is the default value
An initial guess may, and should, be entered if there exists a lobe
ambhiguity in the baseline or phase-frequency parameters. Otherwise the

least squares solution may find a false minimum. For this reason it is

a good idea to observe a calibrator at a number of frequencies as a cross-

check.
0 0 0O 0 0 0 B12
0O 0 0 0 0 1413 B13 corrects all B/W's for initial
values of all 6 variables, ¢o,
O 0 O 0 o0 -121 B23 ABx, ABy, ABz, AK, d¢/df. units:
miliilobes, A/1000 and millilobes
0O 0 0 o0 O 0 Bl4 per MHz respectively

BASE-COR 100 1000  SCANS

iii) Instrumental Phase

A phase centre is calculated in the baseline fitting program, but the

instrumental phase may be computed between jumps by:

1 VARIABLE
CAL 3C295 100 300 SCANS

CAL  3C48 100 300  SCANS determine instrumental phase from
these calibrators
CAL 3C309.1 100 300 SCANS

SOLVE
FOR EVERYTHING

BASE-COR 100 300 SCANS correct all B/W's by default
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iv) IF Passband

PASS-BAND 144 A-SCAN generates the shape of the scan
averaged spectrum for scan 144

and stores its complex reciprocal
on disk.

RX-AB EDIT-BAND 145 147 SCANS multiplies the given range of scans
by the stored reciprocals. Appli-~
cation of the calibrator to itself
yields a corrected pass-band of
constant amplitude and constant phase.
A range of (-4, 4) is allowed in
amplitude and the digital precision
is limited to one part in 212 The
average phase across the pass-band
1s preserved through this correction.

v) Gain Calibration

To inspect for system gain variations (actually system noise tempera-
ture variations if ALC is used):
1) Store the calibrator fluxes (in mfu) into the data records. e.g.:
FOR 3C48
15600 STORE~FLUX 1000 9000 SCANS
FOR 3C147
22500 STORE-FLUX 1000 9000 SCANS

2) The reciprocal gains i.e., 1000/(counts per mfu) can be printed out using:

FOR EVERYTHING AVERAGE BROADBAND RECIPROCAL-GAINS 1000 9000 SCANS
(Optional)

3) These are the numbers to be used in MULT-AMPL if you wish to correct

for temporal gain variations (Section 6).
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6. EDITING

Editing is provided by three subroutines "Edit", "Phase" and "Fixup"
each with several entry points. Edit provides for Editing directly. Phase
corrects for baseline, position, clock, atmospheric and observing frequency
changes. Fixup is used for special corrections to the data.

A) Direct Editing

FETCH

STORE

DELETE

MULT-AMPL

ADD-PHASE

EDIT-BAND

STACK

STORE-FLUX

Examples

EDITS LOAD load program

FOR 3C10
SCAN-LIST 120, 132, 115, 1040, into 1000 STACK

"STACK" vector averages given scan-list into a new scan stored on

disk. This new scan can be displayed or used like any other scan.

FOR 3C48 15600 STORE-FLUX 1000 8500 SCANS. Store flux in mfu
into the data records of 3C48.

4 FETCH 144 A-SCAN print word 4 of every record in
scan 144
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S0 INTO 4 STORE store the value 50 into word 4

DATA 144  A-SCAN

of data records

RX-A DELETE 140 150 SCANS flags line receiver "bad"

COR-1 DELETE 140 A-SCANS  flags continuum "bad"
This data is then ignored by sub-
sequent phases of the program.

RX-AB 500 MULT-AMPL multiplies data by 500/1000

144 170  SCANS

RX-AB 50 ADD-PHASE add 50 degrees of phase to

144 170  SCANS

B) Phase Corrections

-~

CLOCK-COR
POSITION-COR

PHASE-COR
- J

Examples
FOR EVERYTHING

PHASE~COR 140 5260 SCANS

10 CLOCK-COR 5260 5400 SCANS

FOR 3C286
130 40 POSITION-COR

500 5000 SCANS

C) Fixups

RX~-AB

corrects for atmospheric
phase effects

adds the given correction
(ms) to the clock

Adds corrections 130 x 1/100 secs

of time in RA, 40 x 1/10 secs arc

in DEC to positomn of 3C286. Decimal
points may be inserted wihout effect
so the position changes may also be
written 1.30 4.0, Trailing zeros
must however be present.

Please look at the subroutine listing.

-PHASE changes the sense of the phase

FLIP reverses the direction of the profiles
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dl d2 d3 DELAY-COR corrects for delay errors. dl

d2 and d3 are the octal delays

actually set on the digi-switches.

All of the above corrections are driven by SCANS e.g.,
0 4463 4211 DELAY-COR 11130 11142  SCANS

Many more have been used and many more are possible. "Fixup" may be your answer!
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7. TAPE TRANSFER

JCL cards must be included. The convention is to read tapes on
//FT03F001 and write on //FTO4F001.

TAPES LOAD load program

10 NU = TELESCOPE-TAPE* transfers the telescope-tape data to

a catalogued disk data set

10 NU = 500 2700 OBSERVER-TAPE#* transfers given scan range on back-up
tape to disk data set
500 2700 WRITE~NINE writes a scan sequential 9 track
tape from disk for scans 500 2700
500 2700 LOAD-NINE loads the 9 track tape (written
by above)
500 2700 1 BAND-WIDTH as LOAD-NINE but loads only the

10 MHz Bandwidth data(2 = 5 MHz,
eeees 9 = 39 kHz,). This allows sorting
the data by bandwidth

500 2700 COPY-NINE copies 9 track tapes
500 7000 TAPE~-INDEX 1list of scans on tape in given
range

The disk-file may be dumped by block numbers onto tape and re-loaded through

two separate programs. 'DUMP" and "LOAD" (See Appendix 7).

— —— —

The prefix "# NU =" must be used before reading in a telescope-tape or
observer tape.
FOR "10 NU" = The broadband correlator gains, set at the telescope by
the observer source card, are used to scale the line data into single precision.
Also the interferometer baselines attached to the correlator are defined at the
telescope by the digi-switches over the correlator. If however you wish to

change this:
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"17 NU =" applies the recorded gains and connections to the
to the correlator but avoids correcting the baselines for frequency. This
is appropriate to double sideband operation.
For NU less than 10 the user re-defines the gain settings and connections.
The gain to be used for each baseline should now be included in the "GAINS" word.
(0 =x1, 2 = x.1, 3 = x.01, 1 = x.001) E.g.
GAINS 0032 scales BL12 and BL13 by x1
scales BL14 (autocorrelator) by x.01
and scales BL23 by x.1
The value of NU defines the connections.
Cases allowed for at present are:

a) 2 receiver mode

4 NU

channels 1-192 on BL12, channels 193-384 on BL23

5 NU

channels 1-192 on BL13, channels 193-384 on BL23

b) 3/4 receiver mode

6 NU = channels 1-96 on BL12, channels 97-192 on BL13
channels 193-288 on BL23, channels 289-384 are the
autocorrelation which is best scaled by an extra
factor of 10.

c) 1 receiver mode

7 NU = channels 1-384 on BL23



8.A. MAPPING
\% n -m >y 3 |
.| |. I. F .. . I .
The mapping process has two stages:
1) Imaging the data for the desired source, correlators and base-
lines iInto a gridded u-v plane.
2) Fourier inverting the u-v plane to obtain a map of the brightness
distribution iIn the x-y plane.
The Fourier inversion may be performed in the usual 90K job using

disk storage but is better performed in a separate 180K job which also

provides for storing the maps as integers and cleaning

A) 90K Mapping

DIMENSION
RESOLUTION
CONT INUUM
RX-SUMS
LINE-FREQ
ONE-FREQ
SHORT
IMAGE
MAP
PLANE
READMAP
Examples TRANSFORM
MAPS LOAD load program
127 DIMENSION 128 x 128 array (this is the def?ult and
the maximum value)
30 3(7 RESOLUTION 3" arc per cell in sky
_ starting address for map on disk
3000 ARRAY = (128 blocks per map)
CONT INUUM ,
use continuum correlators
RX-SUMS use correlator sums
u v plane to be made from
ONE-FREQ
é I frequ”~. Produces real

map (imaginary part zero).
Amplitude and phase in the

u-v plane are meaningful.
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1 9 LINE-FREQ

SHORT

500 27000 IMAGE NGC2403

0 100 SCALE

AMPL MAP
‘PHASE
REAL PLANE
IMAG
TRANSFORM

0 10000 SCALE

44 76 45 77 OUTER-AREA
50 70 60 70 INNER-AREA
REAL READ-MAP

IMAG READ-MAP

frequencies 1 thru 9 added together
and end up in Real map, 10 thru 18
in Imaginary, "Amplitude" and “phase"

in u-v plane are not valid.

"SHORT" in all the above cases
reduces the lists of correlators
to the first member only, so that only
the short baseline (BL23) is imaged
into the u-v plane.
image the given scan range and source

into a gridded u-v plane

a printed plot of "1" thru "9"
ranging over a previous set scale

a 2 digit display of left half plane
inverts the data and puts it back

into block 3000

re~-set scale

set area to be displayed

by read-map below

Readmap is a 4 digit printout of the given outer—area (maximum 32 x 32) and

also gives the sums and averages over the inner and outer areas specified.
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B) Map Operations

BEAM

MOVE-MAP

MULT-MAP

ADD-MAP

DIVIDE-MAP

Examples

3000 INTO 3128 MOVE-MAP
3000 INTO 3128 ADD-MAP
3000 INTO 1328 MULT-MAP
3000 INTO 1328 DIVIDE-MAP

10 LOowW =
3000 INTO 3128 BEAM

enables one to preserve the u-v plane by
moving it before executing.one of the following.

adds 1lst map into 2nd
multiplies 1st map into 2nd

divides lst map into 2nd

Creates a u-~v plane which when trans-
formed gives the beam offset 10 cells
in RA from the map center
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8.B. 180K INVERSION PROGRAM
A separate 180K job is now used to perform an in-core Fourier transform.
The previously stored u-v plane is first read into core as a floating-point
array. The u-v plane can then be weighted by a Gaussian grading function
and/or a beam can be added to real* data. The u-v plane is then
Fourier transformed and scaled into two integer maps (real and imaginary parts)

of transform) which can be displayed and stored onto disk taking 32 blocks

each.
}
uv
SKY
GET
BEAM
GRADE
SQUEEZE
FLOAT
TRANSFORM
MAP
PLOT
SECOND MAP
PUT
TRANSPOSE
Example 1
move into core the u-v plane stored at
UV 3000 GET block 3000 on disk
TRANSFORM Fourier transform
condense to integer maps{divide real
1000 100 SQUEEZE imaginary parts by 1000 and 100
respectively)
MAP 1 digit printout of real map as contours
4000 PUT store integer map starting at block 4000
SECOND MAP imaginary map printout
4032 puT

store integer map (32 blocks per map)

* See overpage
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Example 2: Grading

30 30 RESOLUTION

uw 3000 GET
BEAM
50 GRADE
TRANSFORM
1000 100 SQUEEZE

PLOT
4064 PUT

SECOND PLOT

4096 PUT

BEAM, in the 180K mapping program adds 1000 into imaginary part before
"TRANSFORM", and can be used for a real map. to give the beam shape
in the imaginary (or second) map. BEAM cannot be used with LINE-FREQ

or polarized data (which already use the imaginary map.)

"GRADE" applies a Gaussian grading
function to the u-v plane (and beam)
such that the sky is effectively
convolved by a 50 arc sec beam. It
is necessary to first re-specify the
x-y interval in 1/10 arc second units
by "RESOLUTION".

"PLOT" is a 2 digit printout of the

center half of the synthesized map.
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Example 3: Re-inversion

SKY "SKY" specifies an integer map.
4000 GET Move integer map into core

FLOAT "FLOAT" converts to floating point.
TRANSFORM Re-transform sky map to u-v plane.
100 100 SQUEEZE Scale back into integer maps.

PLOT Plot real part in 2 digit numbers.
SECOND PLOT Plot imaginary part.

The integer maps stored by the 180K program take 32 blocks each (for
a 128 x 128 map). These maps can be used as input for an iterative source
subtraction program (Section 10) which stores the cleaned maps back onto

disk in a new location.
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9. DUAL FREQUENCY DATA

The program has been designed to handle dual frequency data. Either

7 track telescope tapes or 9 track calibrated or uncalibrated tapes may be

loaded onto disk and all the baseline fitting and display programs are

available by specifying the appropriate correlators.

In order to map a

source from a calibrated dual-frequency tape the following steps are required.

A) Loading Tapes onto Disk

TAPES LOAD

ERASE-SOURCE 160 DEFINE AVAIL

110 GAINS 0000 INCLUDE 3C20

FLUSH

500 28000 DUAL-FREQ

Display of Data Options

S-BAND RR
LL
X-BAND RL
LR

AVERAGE [ VECTOR

n INT=

COMPLEX 1050 A-SCANS
or

AMPL

pHAsg |MONITOR

Editing and Calibrating Options

LOOK {500 28000 SCANS

DEFINE EVERYTHING

loads 9 track tapes
written by the dual

frequency system

Displays the scan-
averaged correlators

selected

Also DUMP, HEX-DUMP
and other relevant
displays work on

dual-frequency data.

The relevant Editing and Calibrating described in Section 5 and 6

in principle also works on dual-frequency data.
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B) Making a U-V Plane on Disk

A gridded u-v plane is made from the data stored on disk and
the u-v plane is itself stored at a location specified by the user. The
next available location after the data is printed out by FIND AVAIL. u-v
planes are stored as a 128 x 128 complex array taking 128 blocks of storage.

Each u-v plane should accordingly be allocated 128 blocks of disk storage,
starting beyond the data.

MAPS LOAD
10 10 RESOLUTION 1 x 1 arc cell size in sky
appropriate for X-BAND
0 100 SCALE set scale for displays
3000 ARRAY= starting address of u-v plane.
X-BAND RR
LL 500 28000 IMAGE 3C20 Make gridded u-v plane for
S-BAND RL chosen band and correlator.

500 28000 IMAGE 3C20

"RL" automatically gives RL and LR* in u-v plane for polarized data.

AMPL
PHASE MAP "MAP" gives a 1 digit display of the whole u-v plane
REAL

PLANE "PLANE" gives a 2 digit display of half the u-v
IMAG plane.

The polarized maps may be transformed and operated on as for line data.
Note that the amplitude and phase of a polarized map are the intensity and

twice the position angle of the polarizatiom.

RR are defined to give maps from
LL SHORT . the 2-3 baseline only.
RL

Dual-frequency maps may be inverted and cleaned through the 180K program

exactly as for 21 cm maps.
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10. CLEANING
(For philosophy see e.g. Interferometry and Aperture Synthesis, Fomalont

and Wright in Galactic and Extragalactic Radio Astronomy)

CLEANF and CLEANH programs

Clean is the iterative source subtraction program which is interfaced
with the H-Line system. It handles polarized or unpolarized data taking
maps stored on disk, "cleaning" and placing cleaned maps in a new disk
location. Cleaned maps may be displayed on the printer, storage tube
display or CalComp and punched out on cards.

The program is overlayed, heavily optimized and runs in a 90K partitiom.

The maximum of 250 iterations takes * 6 mins. c.p.u. time per clean.

There are 5 control cards which are used by CLEAN, TAU (Hydrogen Line optical
depth program) PPLOT (Polarized contouring program) HPLOT (H-Line contouring

program and PMAP (polarization comparison program).

Card 1.

Format (1X, A8, R12.2, S12.1, 1X, L1, 1X, F7.1, 1X, 2E15.4)

SOURCE source name

RA ra

DEC dec

POL N-FLAG T for polarized otherwise F.
XYINT Grid size in arcseconds used
BEAMMAX for map (as set in making u-v
MAPMAX plane by RESOLUTION) maxima

printed out by INVERSION program.



Card 2

Format (4(1X, I2), 20X, 3(1X, F7.1))

§;g Cleaning area in units (1 to 64)
YLO printed on borders of maps printed maps.
YHI
BMAJ Half-widths (in arcseconds) of Gaussian clean
BMIN beam used to convolve clean map
PA tangent of angle of parallelogram
cleaning area. (See Figure 3.)
CLEANF is suitable for a source elongated
NORTH-SOUTH. CLEANH for a source elongated
East-West. See Figure 3.
Card 3

Format (I4, 1X, F5.3, 1X, L1)

NIT maximum number of iterations to be used

PERC smallest éoﬁfce to be subtracted, as
percentage of original maximum.

PUNCH T for punched output otherwise F.

Card 4

Format (4(1X, I5))

BEAM locations (starting block on disk) of dirty
MAP beam and map to be cleaned.

NUBEAM locations to be used for storing clean
NUMAP beam and map. (Each 32 blocks long)

For a polarized map both real and imaginary
maps are read and written on disk. The
location of the real map should be given.
The imaginary map is understood to be 32

blocks later.
Card 5

Blank. This card is used by TAU.



Figure 3.
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APPENDIX 1

THE H-LINE FORTH LANGUAGE

The Forth language is a dictionary search for character sequences
or "words" broken by spaces. Certain character sequences define basic
machine operations and the Language is built up by defining other char-
acter sequences in terms of already defined words. The language is
self-compiling and definitions may be mixed together with executable
words.

The Forth used in this program is a particular application of the
language to the IBM 360/50. 1In this application the Forth is inter-
faced with Fortran and is able to set parameters in the Fortran common
area "/USER/" and to make subroutine calls from the Fortran main program.
The parameters in common may all be directly set (for example: '"45
THETA =") but are mostly combined into more mnemonic definitions. (For
example, "RR" sets up the number and a list of the correlator positions
for the RR data.) The subroutine calls are made by other words; the
verbs of the language which cause actions to take place.

The program is run off-line by submitting a card deck of directives
which starts:

E LOAD
H-LINE LOAD
Displays
MAPS LOAD ——————— mapping

TAPES LOAD —————— tape 1/0



—— EDITS LOAD ——————— editing
b BASES LOAD —————— baseline fitting
OPTIONAL LOAD ————— extras

MAPS, TAPES, EDITS, BASES overlay each other. EDITS is the default.

The current definitions may be inspected at anytime by:
E LOAD
CARDS LOAD
20 40 SHOW
Definitions may be added or changed (caution) by the user
": WORD OTHER WORDS;"
defines "WORD" AS'OTHER WORDS.

Language Conventions used in H-LINE

Free-format on card-columns 1 through 64 with the following conventions:
a) Spaces must separate numbers
b) No spaces within a single word
¢) All double words connected with a hyphen (-ve sign punch)

d) Statements may be separated onto several cards

Forth Diagnostics

OK action completed
? word not recognized skip to next command

EMPTY parameter expected and not given



APPENDIX 2

H-LINE FORTH DICTIONARY

a) Common "/USER/" USE
THETA rotation of array
Fi starting frequency
NF number of frequencies
DF interval between frequencies
RES (4) Ax, Ay’ Au’ Av
NS count of items in List
LIST (38) Lists of scans and frequencies
LOwW Lower Limit
HIGH Upper Limit
INT number of records integrated
c correlator posiiton
SCAN scan f#
RECORD record #
NU frequency
P polarization
SOURCE used in disk index
ARRAY starting block # for map
K used for rea¥)imag, etc.
ARG (3) multiply used for parameter passing
Y-DIM used in retangular FT
K1 entry point in "INTER"
NR #f of repitions of "SCANS" loop
ENTRY entry point in subroutines



b) Words used to set parameters

INCLUDE
GAINS
DEFINE
AVAIL
INNER~-AREA
OUTER-AREA
A-RECORD
DATA

HEAD

EVERY

IMAG
AMPL
PHASE
COMPLEX
VECTOR
RX-A
RX-B
RX~C
RX-D
RX-AB
RX-CD
RX-ABCD
RESOLUTION

BASELINES

-35~

create a source Index on disk

set scaling factor for data transfer

a define file statement

a define file statement

inner area for readmap

outer area for readmap

sets record number

data records chosen by SCANS
head record only chosen by SCANS
every record chosen by SCANS
real part of data

imaginary part of data

amplitude of data

phase of data

real and imaginary of data
amplitude

and phase of data

frequency channels 1-48

frequency channels 49-96

frequency channels 97-144

frequency channels 145-192

frequency channels 1~96

frequency channels 97-192

frequency channels 1-192
sets Ax’ Ay’ Au, AV for mapping

printout baselines



LOOK

HEADER

FREQ

SCAN-LIST

DuUMP

PASS-BAND

WATER

DISPLAY

SPECTRA
SPECTRAL-DENSITY
MULTIPLY
MULT-AMP
ADD-PHASE
PHASE-COR
BASE-COR
POSITION-COR
GRADING-FUNCTION
PRIMARY BEAM

INTO
VARIABLES

BANDWIDTH

printout given frequency list
printout header

list frequencies

1list scans

prints whole record

store spectral pass-band or disk
printout water vapour rxs
display frequency list

averaged amplitude and phase

a matrix plot out

multiply and add phase to data
multiply data

modify phase of data

apply atmospheric phase corrections
apply baseline ocrrections

apply ARA, ADEC corrections
specify half widths of

specify half widths of

dummie word

no, of variables in baseline calibration

bandwidth of data to be used in above
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c) Words used to cause actions

FLUSH moves included sources to disk
MAP a printed contour map

READ-MAP a numerical printout of map
ERASE~SOURCE erase disk source indices
ERASE-ARRAY zero array on disk

SCANS a loop through scan #s

A~SCAN a8 gingle scan

TELESCOPE-TAPE load 7 track tape onto disk
OBSERVER~TAPE load 9 track observer tape
DUAL-FREQ load dual frequency data onto disk
LOAD-NINE load 9 track tape onto disk
WRITE-NINE write a 9 track tape

COPY-NINE copy a8 9 track tape

TAPE-INDEX index a 9 track tape

ADD-MAP add arrays together

IMAGE make a gridded u-v plane
GENERATE make a specified map

CAL use source as calibrator

GET move into core

PUT store onto disk

BEAM add 1000 j into u-v plane

GRADE grade u~v plane

PLOT 2 digit plot of integer map
PLANE "o " " floating-point u-v plane
SQUEEZE scale floating-point to integers
FLOAT FLOAT integer map

TRANSFORM an FFT routine using disk access
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APPENDIX 3

To Add A Fortran Subroutine To H-Line

1)

2)
3)

4)

Code the subroutine accepting all input through common
/USER/. Compile it as a memwer~ of "MOORE<MODS".

Recompile subroutine "INTER" with a call to your subroutine.
Add your subroutine to an overlay statement with similar
subroutines in the "LINK~EDIT" deck.

Addia Fortran definition of your subroutine to the 'FORTH"
deck, and/or a suitably memonic definition in the "FORTH"

definitions.
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APPENDIX 4

H-LINE RECORD FORMAT



header format

40~ 29 October
Word Content (units) Unused fields
1 integer 1 (identifies header)
2 scan no. (0 - 32767)
3 360: no. of data records
4 Greenwich sidereal days since 2424832
5-6 LST 116: BCD (.1°)
360: integer (.ls)
7-10 source name (8 ANSI letters, even parity)
11-12 RA (rev) 116: 30-place fraction
360: REAL*4

13-14 Dec (rev) "
15 return code: O

1

2

3

4

5

6
16 start LST (10%)
17 stop LST (10°)
18 mode
19 system
20 observer (2 ANSI letters)
21 operator "
22
23 no. of phase corrections applied
24
25 " eclock "
26 "  position "
27 85-1 Dec (1/4 rev, 15~place
28 HA fraction)
29-30 85-2 "
31-32 85-3 "
33-34 line~of-sight standard-of-rest velocity (c)

116: 30-place fraction
360: REAL*4
35-36 synthesizer frequency (Hz, integer)
37-38 Zy9 baseline (1/1024 cycle) 116: integer
360: REAL*4

39-40 Z "
4-42 )
43-44 244
45-46 X
47-48 X
49-50 X23
51-52 Xl4
53-54 Y
55-56 Y12
57-58 Y23
59~60 Y14
el
65-66 ko)
67-68 k

(]
£~



69
70-100
101-512

4]~

source scaling divisor



data format

—42-
Word Content (@units) Unused fields
1 integer 2 identifies data
2 scan no. (must match header)
3
4 sidereal day
5-6 LST 116: BCD (.Is)
360: integer (.1S)
7 mode: 1 S-band
2 X-band
4 mixed

8 receiver baselines (see word format)
9 no. of distinct baselines
10 correlator gains (see word formats)
11 if selection "
12 computer control "
13 lock
14 range ”
15 faults ”
16 85-1 delay (us, 10-place fraction)
17 85-2 "
18 85-3 "
19-20 local oscillator (Hz, integer)
21-22 integration time (3.2 us, integer)
23-24 signal power, channels 1-48
25-26 m 49-92
27-28 " 93-144
29-30 " 145-192
31-38 signal + noise power "

correlator words 1572-1587
39-42 bandwidth code, channels 1-48, etc.
43 mode
44 noise tube state
45 gain modulator code
46 switches ~
47 switching rate code
48 clipper test
49 digital test
50

51-54 local oscillator, channels 1-48, BCD (10 Hz)



55
56
57
58
59-62
63-66
67-70

~43-

1-2 continuum, real
imaginary
baseline #1
RMS: O or negative -

360 format

71-74

75-78
79-82
83-86
87
88

89

90
91-92
93-94
95-96
97-104
105

106

107

108

109

110

11

112

113

114

115
116-118
119-125
126
127-128

129-130

131-132
133-512

1-3 " (#2)

2-3 " (#3)

1-4 " (#4)

first recéiver, real
imaginary
baseline
RMS

gsecond "

third "

fourth

A/D channels 24-63

85~-1 R if monitor

" L 7"

85-2 "

85-3 "

42' "

11

sync detector
microwave I phase

" Q "

temperature (°c)

dew point °c)
barometric pressure (mm)
cable pressure (?)

85-1 water vapor (?/K)
85-2 "

85-3 "

"  box temperature (?)

42' water vapor (?/K)

channel 1, real
imaginary
channel 2 "

channels 3-192

116: offset
ignore data

71-72
73-74
75-76
77-82
83-88
89-94
95-134
135-150

150-256

'257-258
"259-260

261-264

‘116 format

first, real
imgginary 2
(2 "* RMS)

second "

third "

fourth "

A/D channels 24-63

correlator .womds

1588-1603

channel 1, real
imaginary

channel 2

265-1024 channels 3-192



Worfl formats

Word

8

10

11

12

13

Use

receiver baselines

correlator gains

if selected

computer control

lock

O©CoO~NOUTA~WNE

PR e
NS

e
[o)JN¢) N NN

10
11
12
13
14
15
16

-44-

Use
RX-A
B
C
D
1-2 RR 00 multiplied by 1.
L L @
1-3 10 multiplied by .1
1-4 11 " .01
2-3
85-1 001 XR-SL
2 010 XR-XL
3 100 SR-SL

water vapor cal on

85-1

2

3
85-1 receiver

2 "

3
85-1 delay

o

3
1-2 correlator gain
1-3 "
polarization and focus motors
1-4 correlator gain

2—
2—-
3-

ADw

421 out of lock
master lo "
85-1 lo

2 L]

3

42* 1o
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14 range 1 85-1 lo phase unlocked
2 2 "
3 3 "
4 42" "
5
6 master lo out of range
7 if level "
8
9 85~1 R if level "
10 L "
11-12 2"
13-14 3"
15-16 42 "
15 faults 1 85-1 box temperature out of range
2 2 1]}
3 3 1]
4
5 85-1 SR receiver fault
6 2 s, "
7 XR 11
8 Xxx
9-12 85-2 "

13-16 3"
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APPENDIX 5
Disk Layout
Block Content
0 Empty
1l Empty
2
Forth program
99
100 Name index
101 Calibrations
102
Scan index
109
110
I Source index
159

Scans

Maps

)
|

| )
4095 on FREQS }

23379 on GHC disk packs

) "
The next available location on disk for data is printed out by: FIND AVAIL .

and must not exceed the length of the data set. Maps should begin after this

location.
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APPENDIX 6

Examples



//FREVD JuLo (ZUJQD'1011}’anCQlMSGLCVEL=L'LLAb)=D
// kbEaci PUM=HLINE CCND=EVEN,ACCT=0u
145TePLio UV DSNAME=NMCLRE «JUBSeLISP=3HK

//FTUoFuUL DD USNSEACK-UPyOISP=0ULUyUNiLT=TAPEsvUL=SER=L292
J/FT354ruul D0 DSN=BACK-LP yUISP=NcWeUNIT=TArc,VUL=SEK=1672yLA0EL=Y,
// OLb={RECFM=VS58,LRECL=1Ucd+BLKILLE=2VOV)

J/DISK DU LSNAME=NCOREGHC4 »ULSP=ULD
J/FTuoruul vl SYSCUT=A

J/KEAUER LU *
c LUAD

H=L Inc LUAU
TAPES LULAV
ERASE~SUURLE
Llu vAlnd el

160 DEFINE AVAIL
INCLUCE 3C4u

QO veFiINe every THING

i1l
112
ils
L14
)
ilo
sl 7
FLU
iv

VALND
GALND
LAling
LALND
GALND
VALNS
GALND

S+

U=

4522
el
<22
cc22
2222
wuuo
yuQQ

INCLUCE
INCLUCE
INCLUCE
INCLUCE
INCLUDE
INCLUCE
INCLUCE

3C73
3C200
249
JCO09REF
3L309.l
Freu
3L27o.1

read

selected
dota

dedns 157 CBSERVER-TAPL
FINU AVALL

ctLITo LUAL

P8 Pado—-paND : EB RA-ABCOD ECIT-caAnuv
AS A-5LAmN P PRCFS

upP ka-As ACLC-PHASE ¢ 3
S>  OSULAN-LIST 3

S SCANDS &

$5 JP lclas AS

bew uP lclagq AS

-Le UP Lcaol 12160 ¢
=15 UP ica0e lecléE S

26 UP leloou 121€8 S

36 UP leciuy 12171 S

-3¢ oLP lelay AS

L20 LP 12l5u 12152 S

-09 LP Lcloo 12154 S

lac P 12125 AS
PB lecsco AS EB
PB lcoal AS EB
0 iloo4 aA> EB
FB lesofl A>S EB
P3 1co4u A> EB
FB 1cs43 A> EY
Fb lesao A> EB 12244
PB lecosad AL EB 12247 1lz34av
3S lel4s9lceib5,412152y INTUY
SS 1Z2cin9lceclByl2221412224,
SO asccldlvicce3Cy1223241e20t
39 12lIi9ricc4irll2245412246y INTL 1ulo
39 lcceHaviceb141226C4122029 INTU luu+
SO lecburicc6S9y INTG LLOD STALK

9SS 1dacoerdd 2991233241220 91e3309 INIU sudu STALK
35 Laeswl 9ic344412347491250uy 1inbu Luul S>TAun

38 e obourlesbE912359, INTUO luug STACA
33 lcowdstes€8412371y INTU luuv STACK
HENCYVRRVIVIVERFRVE B¢ I

FUR eveRYTHING

BRUAu=vanL VvECTCIR LCCK GU

Rx=Ap PRur> GO

S\v\ ot‘\'kav\&

e - 4‘8(»\'\\'\0 AQ

LP RX-LU AuU-PhADE ;

se O¢ $a 00 O

ot
9n
H““”S :EAO o ;ngﬁrnka daln

,f*fo:n swm& scansg |

1222¢
12229
1223¢
12235
12338
12341

123456
12351
123,54
12357
12340
12343
123ac

aonek &o) iF \:mss\oancl s\nm}x’,

(7 VAN VN VARl VA VAN VAN 4

luud STacCn
INTU Luul
INTU lule

dTALR
>TALA
S1ALK
SdALN

1,&6,& Aate

sk«ck scans
o new scang.

AQ*NEQ :JQQHJEA At



PAGE

fX-Lu PruFS GO
TAPES LUAU

FOUK EVERKYTHING

fuu 12373 wrITE-NINE
DISCAKU

clLlugy

Q&»Jm’@

_— w;\\'e ovk vl“t’o ('\M\“o“ﬁ
new Swv\s> M'\o ta\yc



776xkEU  JUDB (2349Ps6+449e3)erdLINEsMSOLEVEL=LrLADI=C
2/ EXEC PuM=HLINE ,CCNC=EVENALCT=0u

J/oTcPlLluv vu DSNANME=NMCCRELJCoOS,VISP=ohRR

J/0ISK VU USNAME=MOORE.CISK DIdP=0CLUsvuL=Privalc
J/rTuofFuul DD SYSCUT=A

J/READER LU *

c LCAv

h=LInt LUAU

EulTS LUAD

fFUR FReu

RX—Ab —l.4 ACC-PHASE

1573 A->CAN

RX=CV =25 AuLC-PFASE

1573 A-5CAN

\ ExAmice 2,)

RX—-AQ -6 AQOC-PHASE

aU%l A-SCANn

RX=Cu 05 ACO~-FHASE

8U%1 A-OSULAN

KX=AB —oo ADD-FHASE

092 A—3SULAN

FXx—-CU 4o ACC-FPHASE

oUY2 A-=->SLAN

RX=Ag -7« ACC—-PHASE

8294 A=-SCAN

RX=-Cu 2> ADC-FHASE

3294 A=-SLAN

SUAN=-LADT 1216433673423 594000uracaly 2391,
InTO fuuwu STACK

SCAn—LIST E€4100044973149101l0rourc 0TSy
INTU Luul STACK

SCAnN=-LIoT LuCCsl0OCly INTUL 1003 STACK
$ G luvwv 9u00 SCANS

PAGE

RA—Aao PrufS GO

PALE

Ra—CuU PrRUFS €O
FUR SL4D4%40
60 iduc A-SCAN 3
SCAN=LIST 5c15452569€€4047370
PAGC
RX-Au PRUFS CC
PAavt
Fa-ci PrRUFS GO
VISCARU wuLLBY

INTU avuuc alALN

™

G%Uhi) Jqlg - a'igr1ﬂ17 )QLﬂSZS

la—&jal*t S‘\’uclf(lv‘\J sCans ( vecfm avera .;\J)

S\,qclr(wij and a(lé}ﬁ[(:j .;\(] adergjta( scans



J/7HLINE JUD (2249Peb9b94) s0cDKHLaMOGLEVELZL LA >=C

/4 EAcL POM=HLINE,CCND=EVEN,ACCT=o
J/5%TcPlLiv U DSMAME=MCUCRE.JULBS,LEISP=ONK
//FTuuFuul uD SYSCUT=A

I/0I5n uu USN=MCCRE.GHC44DI5P=ULD
//REAVER UL *
€ LJAU
=L InNc LUAL
eCITS LUAL
20U 19vu ovoll SCANS 3
: KGAIN> BRUALC-BAND RECIPRUCAL-GAINS
FUK KAuUD3u 0000 STORE=-FLUX LU
FUR 3L3a4>5 7UC0O STURE-FLUX wu
FUR oLs9y 3400 STCRE-FLLA LU
FUK sLcob 320G STIORE-FLULA GU
FUK 3Ls0U 14400 STORE-FLUKX LU
FuR eveERYTHING
AViekALC
BrUAU~sANu VECTCR LCCK GU
RGALN> LU
FANL Avaal 160 ~ .
LISCAKU
obulay

BB

3’05 To gro te ,f lux g, cng mtol‘s
o ddfa aed alxﬁ\,\iﬁ the
rea\nmb& s Yo dfemnine

ja'm - rmu, uarmhe-fs '




J/CYGAU JuB (2344Ps6491394)s01SKeMSuleVoL=LsCLLAdY=F
/4 Exce PUA=HLINE CCNC=EVEN,ALLT=0L
445TcPiid Ju DSNANE=MLLCRE<JUBSeulSP=onK
4A0I5K vu USNAME=MCOREDLISKyulISP=ULD
//FTuokuul VD SYSCUT=A
f/KEAUER DL *
c LGAv
H=L It LJUAU
MAPS LuAu
38 HJ  KESULUTICA
RES <( ?
¢ luuuu SCALE
¢ L 1 LINE-FREC 1300 o500 [IMAG:
ARKKAY w « AMPL PLANE ARKAY & 128+ ARKAY=
0 2U UNE-FKEQ
luvuuwu ARKRAY= 1300 85C0 IMAUE CYCGA-uU
AMPL PLANC
PHASE PLAaNt
luldo ARKRAY=
5 L LYua-uU
7 L LYLA-U
9 L CYVA-D
BISCAKVY
LOUCLY

6) tFAO fo nnaVc. U-V F\anes

J’o, CY6 AT



J/7CYOAD JUB (2344Py6391394) e MAPSyMSGLEVEL=LsLLADI=L
J/LINKR £XclL PGM=[EwlL yPARM=*{cT yMAP L1 ol saLLT=0
J/5Y5L 10 uu CSNAME=SYS1.FORTLIBulSP=anR
// DU DONAME=SYS1 GPSLMOUDISP=SHK
7/75Y5UTL wu UNIT=2314,SPACc={LYLs(24¢)1)
J/75Y5PRINT UD SYSCUT=A,CCo=(RECFM=FBAyLRELLZ 1Ly BLKS LIZE=35UY)
4 /7M0C> wu U>SNAME=NOORE.MULUS U LISP=DHR
/740> vV DOSNANME=FOCORE.JUBSyDIS>P=SHR
F435Y3LMuL UL DSNAME=SETEMPIMALIN) yULSP=LinNL Ry PR ID)y
7/ UNLT=0ISKsSPACE=(CYLy(oscvi))
J/3YSLIN UL *
INCLUVE JUBSLFORTHF)
ENTRY oEGIN
InNCLUuE MUUuS(INTER,CAIC)
INCLUUe MUUS(EXPI,MOVE)
INCLUDE MUUSH(PIGS)
7/ EXeC POM=* LINK, SYSLMUUyLCOGNO=EVENyALLT =0
7/5Teviip vu DSNANME=MO(RELJUBSyUISP=2HR
J/ULSK Vu uONAME=MUCRELDISKyLUISP=0LU
//FTuoFuul uD SYSCUT=A
//REAJEK Lu *
E LUAU H=LINE LCAD INVERT LOULAU UV
Juuuu LGET becAM TRANSFCRM luduUu luu Sedtcdit PLUT
JoU32 PUT
JECLND PLUT
louwuu PUT
Uv
lullo weld
IKANSFURM LUO000 1000C SQUEtZE PLUT
louc4s PuT ScCOND PLOT
louSe PUT
uv
10220 LeT TRANSFQORM 1C000u 1Luuv Sutcic Prud
lolds PUT SeECCND PLOT
l6iov PUT
J1SCARD
ouULOY

6) jog 4’0 FO\AI‘;CI‘ /\'MAS Qfrm A -V Lolanes
and Srol\(, N,su.u’m\] 'mc\},g



J/7CLcAN JOB (2344P9s691304) e CYLA-UyMILLEVEL=LILLADISEF

// tXxcl POM=CLEANH
//STEPLLIB LD CSN=MCCRE.JOBSs0ISP=5nK . ExAMNKLE 4.
J/FTLUFVUL co DSNAMEzMUU&t'UlSK'UIJP:D““IVUA.zPKIVAf& ‘

/J/FTuuFuul 0D SYSCLT=A
J/FTGiFuvi DD SYSCLT=B
J/FTunbkuuL DD %
CYGAUREF 1Y 57 44,50 +4U 35 4647 F uuuubeu PR-TVPRVIVIVIVE.S OB § 579«90dvic+Cl
bo 52 21 4u AdeV) Aded Ue &
‘50 \)oulu F
loluv Louise 16000 19232

70 20 18.125 -16.1
CYGALUD 17 97 4450 +40 35 40¢ F Uuvuzed I06UeJ0UVETVL 473.5000VE+(QL
1o ¢ <1 4qu Loeu LDeu Je &

25U JVeudiuy F
loUuy iovoe 19CJC 13064
] 1 78.125 -Toa.T
CYLADUO  i9 57 4450 +40 55 4071 F Uwuudeu >ol.uuLUETOL L3 - PYAVIVIVIE Jogl
16 2¢ ¢ 4v LDew ADeu Ve &
A6Uvu louwou 19000 16096
(] 1 78.125 "'70.7

C) Cleaw '\')Q\\ﬁ C\eamn‘r\u) Three mﬁ\os

ﬂ CYGAD



7 /LYUAA JOB (234909l9leldeuldKeMouicveEL=LsLLASS=E
77 EXcC PomM=HLINECONU=EVENALCT=0L

1/753TcPLib vu OSMAME=MCCREJUBSDISP=3HK

4/ FTuuruul uD SYSOUT=A

J/7ULoK UU LONAME=MOORE.VDLoK DISP=ULD

J/RKEAUER LU *

£ LUAU

H=LInc LUAU

HERE .

FEIND AVAILIL .

MAPS LUAV

50 5u  RESGLUTION S are swonds per duny el
G iJduuwu >SULALE

FUUU  ARKAY= 4 cquencies
6 20 uUnNc-FREQ mke a weal '““\" "(s i
1auy ©duu IMAGE CYGA-A A 1\\(‘9&\3\-\ 25 tacducive
AMPL PLANE

PHASE PLANE

H L 9 oinE-FREQ 1300 o5u0 [MAuc

ARRAY o « AMPL PLANE AKRAY d 128+ AKRAY=

11¢3 ARKAY=

f: :: t;:ﬁ:ﬁ Na\(c w-v P\nnes J&r 'Y"WMC.WS 20
0 v L N

6y L LYLA-A “w -y P‘a"‘ is < ‘o"\\?mvx\a“ ﬂ 2 90\:\'\
v L uvYua-A

oy L LYoa-A averages é S,

TO‘O ‘ro m\(e w-v },lunes (for CYGA-A
Aa dala. a\rmb 0 dlsL(.

Nilg e use {S‘“u. iateda e(j L f:
) aversge € requ cies
W) make a-v place
ii.') prat ek tocalion j w-v plane
w) Au\,\«l amlltude ﬁ w-v plane
v) add 127 4@ %J accay focatian



7/LY0AR JCB (203409l 9lsideMAPOsitoutcvVEL=0s CLASS=L
JJLbiinn tach POM=lcwlLyPAxmM='LeTomAr Ll yacLi=0
4/75Y¥5L1o VU DSNAME=SYSl.FuxltcioevloPz=00n
/7 UU USHNAME=3YSLGPSLMUUy 1L oP=dnK
175YauTL wu UNIT=2314,5PaLc=(LYLetcrd))
£/ 5Ya3PR1T UD SYSCUT=A DL u=(nECFM=FouyLreLL=0dsyublRoilE=3209)
I/Mcuo LU USNAME=NOUORE<MUUDyU L IP=51IK
J/7oLp> Lu udNAME=MOCREJUDDI 21U ESP=0AK
1/73Y5L LU UL UOSNAME=ESTENPLMA LN} sULOP=tnensProdl e
17 unil=p1on s SPACE=(CYLe(0s L))
J75Yo5L1In LU *
InCluut JUo SUFCRTHF) Expni s Shb
ehlaY booliv
INCLuvEe muuSUINTER,DALG)
Intevue MuuwSEXPI,MCve)
Livbouve mLuS{PlIGS)
/7 bAcL PuM=%LINKe SYSLMUusLuNU=eVENIALLT =G
//7STcriio vu IOSNAME=NMLLREJJULOOrLLIP=0IIN
dlulon ou voNAME=NMCURELOULALLyUISP=ULLD
//FTuoFuul uD SYSJUT=A
J/nenutn UL ¥
E Luau H-=LiNE LCAD

InvenT Luav .

uyv :er "o mucr"

FRVIVIVIRRNCY |

BEAM U-v b\n“£§ Egor CYG AA.
InandFunr  20J00 10C Swuckec

Peul

Suoece Pul

SeLihnu PLUT

SuJu PUul

yv

1lco vkl

InAanotrurim 20CGe  1ucCu  owdetklc
FLUT

9uc+ Pul

Sevuwu reuld

Jdve  Pul

LV

7&50 Uk{

Trandtound L0300 1CCJJ >d>wuUctlic
PLuT

Sl..o pUI

stubnu  Prul

Slov rul

uv

100+ oucli

Trahorunm  1000C 1UC0U o>aLELLE

FLuT

Slye Pul
seCunw  PLuT
S$cc4 Pul

Uy

iIble ovcli

InAndFurM  1J0CO0 10CC0  oSwULELE
FLUT

Sevo  PuUT

Seeunu Puuld

$avo Pul

Uv



IO T W [V J sy }

TRANSFURM  41000C 1CCCC

FLUT

3scU Pul
awCunu PLUT
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fleo ovei
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PLUT

$304 PUT
ScLlnw  Pruld
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TRANSFURAM 10000 10000
PLULT
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//GRADEU JCB (2U34De Lo iy l)yMAPSyMOLLEVELS Ly CLASS=L
/4LINK CACL PGN-‘-'IEWL'PARN:'LCTQMAP,L‘JI.'Abbrzg
1/75Y>50L10 wu DSNAME=SYSL.ruxTLIio,yulSP=unk
17 LV 05NAME=S5Y3]1 GPSLMUOD I LISP=5AR
J/7S5YSUlL wu UNIT=2314,5PACc=(CYLyl2s2))
2/ SYSPRINTE LUD SYSCUT=A,000={kELFM=FBasiheieTaciy BLKS lee=250U9)
J/MGUS vu USNAME=MUURE .MUUD 9 U ISP =5SHK
/740> L LONAME=NMOCLRE sJuodeJioP=5HK
J/5Y5LmMuu WU DSNAME=EETEMPEMALN) sUISP=LivEW s PADD)
// ULNET=0ULl5KsSPACE=(CYLs(392ed))
J/S5Y>L1n UL *
InNCLuut JuoS{FCRTHF)
ENTRKY Scolin EXﬁmPAE é
EnClovic MuuSEINTER,CATIQ)
INCLuve MmUUS(EXPL,MOVE)
Intbluuve ML S(PISS)
7/ cablL Pom=% L INK, SYSIMUUyCUND=EVENSALLT =0
//5TerPLiv vu IOSNAVME=NMCCORE «JuddSyulaP=onK
J/7V15K uu UOINAME=NMUCRE.DLORyulSP=LLUL
I/ FTuoruul udD SYSCUT=A
//REAUER wu *
£t Luau bh-ucaNE LOAD
Invenl LUAu : Yoa
15v Loy KReSULULTICN <— Same  as used o J
UY 4uuu utl u-v plase
ELAM TrANSFUKIM 1000 100 Swucidc
MAP
iUy Pul
SECLIWW MAP

(V32 vPul

Ltv svuu otl Exﬁn\)LQ - How o o“o
EEAM v UrAQE t‘
IKANSFuURkM  10C0 100 SQucEie a Jr“.\j cfynchnon

MAP

ivoa Pul nna

SECuLivu MAav . \J

ivyo Pul

Uv 4uuu Ll . .

EtANU I :KADE < ;¥€U 3 ‘c“V°L““ beam
TRANSFURM  LUCG 100 SQukelc . .

MAap ( QW\UC\.\A«*) (TN ;’CCOAOLS :} are .
ilco PULI } .
SECUGNU mAaP (ﬂ\l Uu-v Yglcme %1

1lou Pul ) .
vistary LvuLudY "“*’lt‘\n‘\lZA \Oj the “”Y“O\Oc\s MJ
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(D ExAMPLE Fa
J/POLIN  JUB (20324Dslylsel)+3C244+456LevEL=1, 2=

7/ ExciL PUMsHLINE yCONU=EVEN,ALCT=0

J/753TeriLlp UD DSNAME=NCCRE +JUBS»0L1SP=5nK

4d/V1I5K LU USNAME=NOUGKREGHCZ2yULSP=5ARy VUL=PRIVATE
J/FTuuiFudl VD SYSCUT=A

F/FTUsFuul UD UNIT=TAPE VUL=SER=954sudIMAME=EDFMI 4D SP=ULD

J/KEAUER vU ¥

£ LGAU

H-L Inhc LUAD

TAPES LuAu

ERASE-SUUKRLE 160 DEFINE AVAIL O vtFilNe EVERYTHING
41U GAINS UU0Q INCLUCE 3CZ44.1

A1l GAINS wuOO INCLUCE 3C27

FLUSH )
250 300Ul UVUAL-FREQ ~(~¢a& in J‘““‘Q"?"V‘““S ‘to»\)l.
FIND AVAIL fiad woo far didu  ecYends

FAPS LUAU

X=BANNU

RL dl'«s\o\ some olala
VECTLR LJUUK 550 600 SCANS n
MAPS LUAD

390 3u RESULUTICN 2 are weconds xﬁ\n’(u‘vo-q in sy
S-BAnv . \gv $-GAND
RR

Lluuu AKRAY=
ISV ¢Yioo IMAGE 3C244.1

JV 1uu SULALEL R

AMPL PLANC _— t: . L( l .
PHASE PLAINC Y ’fo mawnc u-v ‘oanes
RL .

lill2o ArRAY= Jor }:o\arlu’k mans,

350 «Yios IMAGE 3C244.1 —_—
J 10 SCALE

AMPL PLANE v

PHASE PLANC Note Hu  meremant j

LL

ll1700 ARRAY=

35U <¢7i03 IMAGE 3C244.1
¢ 1luu SCALE

AMPL PLANE «m “

123 blacks )J(J* U - 'o\cmc .
&\BF\\U ot lovo (\.*'\'\L\-\ wisck

PHASE PLANE be Drc&ter than AVAIL  or
X=BAND .

]RK  dHUKT Bu  w-v h\ancs ore ‘44\:3 wade
lldoo ARRAY=

235U <9105 IMAGE 3C244.1 oA 1’-\) é LT AK‘*)

O iJUU SLALE ., '
PHASC PLANE . _ ‘ ‘
RL SHURT \Oaulu\c & awL A MAaXiman \omu‘m-(_
L1304 ARRAY= v v
550 Zviv3 IMAGE 3C244.1 at Y.eaed el o 2700 -

U 1lu SLALE
AMPL PLANE S-8AnND .

PHAOSE PLANL

X—o ANV . ,P Q{""
lu  lu RESULUTICN |  arcsecond ) wlrye

KR

1151  ARRAY= X-8AND

550 <9165 IMAGE- 3C244.1

uses qwit  The 8 2-3



CZ) ;;ﬂ. (qirhukei-m‘

g 10 SCALE
AMPL PLANC
PHASc PLANC
RL

llo4Jd ARRAY=
39U <¢wlos IMAGE 3C244%.1
O lu SCALt
AMPL PLANE
PHASE PLANE
FINU AVALL .
FLUSH LUULBY



Exanece 7L =
N \———*-M‘
J/PULNMAPS JOB (2034Ds19191)y3C2%4¢Mo0ubcVEL=1LlCLASI=L

JZLINK EXtl PGM=IEWL »PARM='LET ¢MAPsLLISTY yaLLT=L
J/75Y5uL1lb Uu DSNAME=SYSL.FURTLIB,UISP=01IK
4/ DU DSWAME=SYSL.GPSLMGU »U ISP=35HR

J43Y>3UTL LU UNIT=2314,SPACE=(CYLe(2921)
J/S5YSPRINT LD SYSCUT=ADUB={RECFM=Fuu s LRELL=1 L BLKS [£E=3509)
J/MUUS L LONAME=NOUREMUUSsUISP=3HR
2 /730BS UU USNAME=NMUCRE «JuUBS»U1ISP=5SHR

F/735YSLMUU Lu UDSNAME=EETEMPIMAINIyOISP=tNCa s PADI) s
d/ UNLT=0iSKoSPACE=(CYLyl0e<csld)
1/35YSLIN UL *

INCLUUE JUbS(FORTHF)

ENTRY BEGILIV

INCLUDE MULUSUINTER,CALQ)

ANCLUDE MUUS(EXPI,MUVE]D

InCLUuE MLUS(PIGS)
F4d EAEC PUM=% LINK.SYSLMUD)COND=EVENyALLT =0
/1/4/FTuokuul uD SYSCUT=A
JZVISK LU ULSNAME=NOORELGALZyUL3P=SHR
F/REAUEK UL *

£ Luay

H=L Inc LUAD A
él:v&ur LuAu T e Fourer \,M\?j)om
1ludu GET \ames m\rw by
BEAM W-v \;aﬁ

TRANSFURM 100 100 SCQUEELE .

FLOT dis\ N
1<vvv  PUIT

SECLKU PLUT

e o e T ity e o
Illco GET e { e same
TKANSFUkM 10 10 SCUEEZE beom ean ,‘““L‘ ~

FLGTY fime n The m\s\o;’\a *"'-"\' ﬁ he
lebta PUT _
StCLmnw PLLT 5\25 plae ( sscowd o< )
leuve PUT .

uv For PO\arch- ""'xfs beed ond
11256 GET

dEaAM m\u‘)\)\aﬁ mo.%s ale

FRANSFUKM  L0O0 100 SQULELZE

PLUI g‘-oke_ﬁ baro«m‘t!fs Q Osv\.ﬁl ‘L .

lcico PUT

SECLhNU PLUT . .

12160 PuUl fca\m\-) Jgﬁors - SQUCEZE
uv

lidsa OET are chown . )orcser\rc
TRANSFURM 10 10 SQUekEZE .

FLLT %O«tléaka'« n "“‘81" M“\"S
12192 PuUT

SECCw PLUT ord on disk as -'&aw*:l
12¢24 PUT o

ov (PvT), ot feking 32 bleckis
1151 ol

BEAM tac\,

TRANSFUKM 100 100 SQUEELE

PLLT

le2bo  PUT

SECCnb PLUT



12288 PUT

Ly

11640 GLET

TRANSFURM 1 1 SQUEEZE
PLOT

1¢320 PUT

SEC LD PLOUT

12352 PULIT

uv

1170b GET

BEAM

TRANSFURM  L0O0 100 SCQUEEZE
PLUT

12384 PUT

SECuUNU PLUT

levlo PUT
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APPENDIX 7

Utility and Other Programs



“DUMP/LoAD

DurP/ LoD
TP"?‘}' am To dave Co ﬂTMtS o{ ’D;Sk an ﬂ"f—
o J T

J/76HC3 Jud (203+Pelelel4) sUUMPeMSOGLEVEL=LILLADDX=D
/7 EXcL PuM=DUMP
7/5TcpPiLiv vu DISP=SHRyLCSNAMCE=MOURE <JUDS
J/FrTuoruui LD SYSCUT=A,DLB=(KELFM=FBAsLRELL= 1029 BLKSIZE=3453)
d/FTuiFuul wD DISP=SFRyOSNAME=MUURE eUl O
1/8Tucruul uD UNIT=TAPE ULO=(RECFM=rosLkELL=LUe s BLKOIZE=L1U240)
4/ VIoP=NEWsDSNAME=GHCL ¢ VLLUME=SCcR=L000 s LADLEL= 3
J/FTuokFuulL uwD *
S-TRALK VUMY
FEVIVIVIVIRPAE R 3 B

RC«A ’%0»\: F‘TO‘FW‘
Weke T FTO2FOTU|

OP\-':C;AS:
4-TRACK DUMP Q-TRACKU  LoAD
7-TRACK DumP 7 -TRACKU  L0AD

Formal: 2 cards T —
2 4 b1 °op en
2 TG uocl( wrangl



GTORE 7

Pitﬁggy\ tb é&!t ?:'hRA< !9%3

J/HLINEG JUR (173.Ce647414) ,wRITE,MSGLEVEL=1,CLASS=B
J/STURET EXFC PGM=STCRE7Y
//STEPLIB UD NSA=FCORF.JOBS,DISP=SHP
//FTO4FI21 UD DSN=BACK=-UP,DISP=MOD,UNIT=TAPE,
—$ [/ VOL=(,RETAIN,SEP=24911,
7/ VLB=(RECFM=VSP,LRECL=2C52,BLKS 7 E=4108)

//FTO6FOGL DD SYSPUT=4
7/00P1llo LU UNIT=TAPET,DSN=INTERF.CDP1164+CCB=( DEN=1)DISP=0LD,
——> // LABEL=(Z,BLP),VCL=SER=05(0

J/INDEX EXEC PGN=TAPEINDX

J/SYSPKINT DD SYSCUT=A

//TAPc DD UNIT=TAPE,DISP=(ULDKEEP ). LABEL=(,BLP),
— /7 VOL=SER=264 1

Q_Q_M\:\_-g #) _b_x\' log—\' .%l Stere F

HASP-I1 Jus STATISTICS -- 13 CARDS READ -- 73 LINE>S PRINIE

SOF

NU. HURS= 134 ?_____-p jo3! wccards T°h*'Q
. DATA=  B57

oo as- 9 = 5I6 blocks

NU. MSG= )

NO. POINTING= 0

NO. 100 WORD CATA RECARDNS= 0
NU. 1924 wOrRD CATA RECORDS= 897

S_Q'“\a\_-_l_ O&k\owf .93 (_rq!oc Trdt }03»'\

VOL 12491 © NRAN
HDR1BACK-~UP 2491 0(C0O10001 7127C 9200300233382
FDR2VO4108U20523JdHLINES  /STORET R

W D An - S =, -, . - ———— AP D WD AR S S CE L - - G . ——— - W - — . —— - > S D D WP R WY W wEn =

D An D L - - . WD AT G L AL A D G M G G D D — G > L B A D G G AL A P WS A D WO WY - - - —— D D P W wh D wE v o> -

EOF1BACK-uP 2491 0060109001 72¢13 070033332875

EOQOF2Vv04103L2NR237HLINES /STORE? R

T G G S . WS D WD TR VD ML AR em W TS R e i D W G R G D G L - G A S T IS D W W R TR M e D D R P R AR R AL T W W G W . W

S e G - G S e G R YD Y L D R e G P G W e N W S A W i W G M T AR e D S WP WP W S En W EE e D R G A WA TR W e W R e am ma wn §

/]/q\gc rdlen s used a0 a c‘ne.ck on gn,,.(}(—.
S blocks should  havt han addd q’.\\u 249|



————————,

L1STH

J/70IST e SOR (17340 heTy14)yviRITEJMSCLEVEL=],CLASS=A

// EXEC PuM=LISTY
//73TEPLLIS LN NSA=MECRE A0S, DISP=SHR

J/FTOO6FCUL NN SYSTUT=A
/Z/700rLl1é Db UNITT=TAPFET7,DSN=INTERF.LCPLY1AsTCB=(,DEN=L),DIS5S2=(0L0D,

// LABEL=(Z,RLP) ,VCL=SER=053C

AR Errarg on a 7-Taelx

fé?&aco\m fa‘m -~ Odd 'erd’i‘\\ tecards U



£Z18T 1

7/ EXEC PGM=LISTO

/7/STEPLIB  UD  CSN=MCOPE, JOBS,DISP=SHR
//FTU3FG0L 0D NSA=BACK=-UP,LISP=0LU.UNIT=TAPE,
/7 VUuL=5cP=2442

J/FTJ6FSCL DD SYSCLT=A

//% READS SCAN RANGE (I541X,15)

//FTC5FI0L DD %
2735 2825

/ﬂwis }ﬂoﬂmam +eadss An o\oSENU* ta‘at_)
{omm dafa.  oa  T-tradg

V;z,. The Un -¥e-,
f’a¥;c .

f& ,el..SfS ow‘— ﬁq_ ca,\t,\cwm ce\av\v\d.s

J%r fﬁL ZrNHA_ SCamn ~raﬂ31L_
lt.sl'\z) aw.::x\oxhu_ ’g ar\JaM M danls &

make ok do  so N“m:(j else



J/PMAP JUD [(2034P169E44) s MELVYNsMOOLEVEL=SL9LLASS=C { Pmﬁp li

7/ EXeC FURTGCLG
J4FCRELSYSIN DD *

C PUorkAM TO CALCULATE APPROUPRIATE NuMbtnrd FruM THE PUNCHew JuTPUuT ufF TRE
C LLEAN PRGGRAM., CR FRUOM DISK
Cc THE FRCGRAM EXPCECTS ALL FUUR MAPS Tu BE ENTERED:
C 1 S BAND INTENSITY
C 2 S BANC PULAKRILIZATIUN
C 3 X BANC INTENSITY
C 4 X BAND PULARIZATIUN
c
C PUINTS wiITH S & X BAND INTENSITIES 2 24 AKE FLAGGED BY *% Ui THE UUTPLUT
C
INTELER*2 IFLCOT(56)
KEal*8 SNAMEsRA,DEC
LUMPLEX SPCLoXFCL
DIMENSICN TNORM{4) .
INTEGER®Z SIXI(5€99692)3/0272%0/ ¢3PAPiLyD0:s5692)}/12544%4/
INTEGER*2 BLOCK(Slc) s RUNRS (18 e«)
LUGILAL STARYPLCT sPFLALIPUNIULOR»udRTY g1 TE,PHASE
DATA PI1/73.1415S3/74CONLsCONZ sCUND/ Ul UE31iUgLal9B0OLLyUUL3090/
EwULVALENCE (BLCCK(L1) »RGwS(1lelai
cC
LVeEFINE FILE 10 (2338U92509uyiU)
ce
C
PRINT 1
| FURMAT(? THE ODRUER OF THE MAPS> SHUULL BE:*,
#T409 "> BAND INTENSITY*//T4us 'S oAnu PULARLLATIUN'Z/
®5Tque ' X SAND INTENSITY'/ /T4Uus'A oAy PULAKLLATIUN'//
wogetxxt e [INCICATES BUTH S & X DAmnu anTendiTIeS > IPCENT®,//)
C
cCC KEAU CLONTROL CARD
C

& KEAUCD+LOCOWENC=S0U) NMAPSyIPCennT quloKoUikTYy WRITELPLOT
PRINT 1100
PRINT 1COOJNMAFSo»LPULENTsDISKouinlIYswkiTe,PLUT
IPCENT=IFCENT%*100
JPLENT=1C*1C0
LOUu  FURMAT(LIXsI191XeI2e5(1XyL1))
1100 FURMATUYINMAPS s IPCENT s DISKyDIRTIY o mRiTEPLUT!,/)
c
CCCC REALC *CLEAN' CARUD>
Du <u I=14NMAPS
REAL (94520001 Sf\ANE'RA10EC,PFLAL}.AYlNIQBNUKM'TMAXQHLO’MHIQNLUQNHl
+ JBMAL s BMINPASNITIPERCIPUNs IBLAMs MAP o nUBEAMy NUMAP
PRINT 13CC
louy  FURMAT(LIH )
MKITE(692000) SNAME JRAPDECyPFLAG)AY AT g ONJRMy TMAXyMLO o MHL g NLUpiNH
+ IDMAL'BMINJ’AyN[TyPERC,PUN'IBCAM’NAPoNUuEAM.NUMAP
200U FPUKMAT (LX3A89R12e2951celo X lobiAasbrdeloingl2ELlDeaGs/y
+ llasI2) 220X 3U1XoFTel) e/ vl sinsbDeastRhebla/ralor/)
<l
H’(NMAPS.EC.‘&.AI\D.MUD(le) QEUO U eANUVe oNUT.PFLALY U TU 66U
TNUKRM{T)=TFAX/BNOKM
CCC READ DISK

LUC=NUMAP+8
AF{UIRTY) LCC=MAP+g



cCC

CcLc

O & ay

v
wCC

4UCu

i1
) P4
CLC

S50uv

l4
1o
2V
l4uv

.
CumpPA

140
e
Ce

L=1 k(’*’*‘l-f’n:i 2 S

K=1l
IFLL GT. 2) K=2
LuCP CN EBLCCKS
0L 9 Jd=1y14
READ(LO'LCC+J) BLOCK
PO 9 Jl=1.4
N=4%(u—-1)+Jl
LF(PFLAG) GC TC 7
DU 6 M=1,56
LPLUT(M)=ROWS(M+32,41)7100
SIXI{MyNgK)=RCWS (M+32,J1)
Gu TLU 9
PULARIZED MAP
VU 8 M=1,60
SPAPLL sMyNyK)=ROWS{M+32,41)
CUuNTINUE
IFtanuT. PFLAG) GO TU 1O
IF(L .EQ. 2) GC TO 10
LOC=LUC+32
L=<£
Gu Tu 5
CUunTiiNUE
PLuT CUT MAPS
IFtenhuTe FLLCT) GC TU 20
PRINT 400C
FURMAT {40Xy YAMPLITULDE NGRMALLLEU TU TMAA/ZLuO ')
PRINT 140Cy I4(NMyM=1,D0)
wu L2 NC=MLCLNHI
N=NLU+NHI-NO
DU L1 M=]l,50
IFlenGT e PFLAG) TPLUTIMI=SIXTI(MsineNI/ vl
1F(PFLAG) IPLCT(MI=CABSICMPLAGLOPAP (L oMaiy
+KIt0e) o (SPXP(29s¥8sNyKitU) )1/ 10ua
CUNT aNUE
PrinT 14CC, N,oIPLQT
PLUT PCOSITICN ANGLE PULARILcU MAP
IF({eNLTe. PFLAG) GO Tu <0
PRINT 5C0C
FURMAT (40Xe* PCSITIUON ANOGLE {(uslouvd In TENS OF DEGREED>®)
bu Lo NC=NLCyNHI
N=NLLFNHI-NC
DU 14 M=l,5¢
TEMP=6G4/23.1415G%ATANZC(SPAPILamtanioRIFUed 9o (SPAXPLLIMyNeK)+uaOLl))
IF(TEMP oL Te =0e5) TEMP=TEMP+ Lo,
IPLUT(M)=TENP+(.5
CUnTINUE
PRINT 14CCy N, IFLOT
CUNTINUE
FORMATI1XyI251Xe5012)
IF (NMAPS .NE. 2) GO TO 140

KISuN UF TwQ MAPS ONLY SET XBANu btwuAL TUu SBAND
ThurM{3)=TNORNM(1)
INURM(4)=TNORM{2)
CUNT 1NUE
inet CHANGE FOR HURIZUNTAL CLcAN
LuuP
PRINT 3001



DO lov JJ=NLGsNHI
LG 150 1I=MLO.MKI Qim,qp 3 (
J=Jd Jd

I=i1+(J-33)%PA

IFllelLTel) I=1

IF(1.GT.64) 1=¢€4

IF (NMAPS NE. 2) GU TO 141

SIAIATvde2)=S1IX1I{19drl)

SPAPL LI 9Js2)=5PXPLLlslvdsl)

SPAPL25I4J92)=SPXP(20¢10d:l)

141 CONT A NUE
IFCSIXI{I9Jel)eLELJPCENT) GU TU 12V
IFESLIXILI eJv2) e LE<JPCENT) GU Tu 12V
TEMPL=SPXP Ly Ledsl)
TEMP2=SPXP(2+1+J+1)+0.01
SPHS=ATANZ2(TENMP2,TEMPL)

IFISPHSLT.0e) SPHS=5PHS+2.%P1
SPUL=CMPLX{TEMPL,TEMP2)*TNURM{ )
TEMPL=SPXP{ly1eds2])
TEMPc=SPXP(2+19J92) %0401
XPHO=ATANZ(TENPZTEMPL)
IF(APRSLT.Ce ) XPHS=XPHS+Z.%Pl
APUL=CNFLX(TENMPL,TEMP2)*TNURMI4)
SINT=SIXI(LeJdel)*¥TNURM(L)
XINT=SIXI{IsJds2)¥TNURM{3)
ALPHA=XINT/SINT

ALPHA=ALCG (ABS{ALPHA))/CUNZ2
SPERC=CABS(SPCL)/SINT
XPeRL=CABS{XPCL)/XINT
RPULN=CABS{XPLL)/CABS(SPUL)
DPUL=SPERC/XPERC
SPA=5T7.3%5FHS/2

XPA=5T.3%XPHS /2
RPA=5SPA-XPA

KPAL=KPA+1 30,

KPAc=RPA~-180.

RM=RPA/S5T.3/CCN1L
KML=RPAL1/57.3/CCN1

KM= PA2/57.3/CCN1L
PINT=XPA+57.3%RPA*(UN3
PINTL=XPA+57,3*%*RPAL*CUNS3
PINTZ=XPA+5T 3% RPAZ*¥LUNS
PRINT 30009Js I o ALPHAySPERCIXPERC ¢nPULNJUPUL sSPAIXPAIRPAWRPALIRPAL,

* RMeRNMLyRM2 4 PUINT»PINT LoPsnTL
IFISTAR) PRINT 3603
1l5v CunT INUE
PRINT 3002
100 CUNT L NUE
VIV FURMATILX 214 9FEele4FGe394FTavurlariFrieuld
LYVIVE S FURMAT(*- J I ALPHA SPEKL APERC KPOLN OPUL
*S5PA XPA RPA RPA+igy RPA-L0u KM KM+iosy RM—igul,

¥ PUnT PINT+ PINT-'/)
2002 FURMAT(1X)
2603 FURMAT (%%t )
U Tu 2

6uv PRINT 1600



160U FORMAT(///7+" MAPS
KeTUKN
S0U STLP
END
1/G0.FTUusFuul CO *

220 T FFT

3C°ol Vv
21 39 20 H5J
2950 v.llu F
2ucdo dUddeo

3Co.l vy
21 39 <v >V
Z90 JeULU F
20438 LdUscv

4 24
3Co.1 (V]¥]
29 31 2o 39
150 veULU F
20032 <c0vLU

3C°-L (FYV]
29 34 ¢o 39
L5u veuvlu F
£0U32 ZuiLoe

3Co.l yuJ
29 34 <«b 1Y
150 vaUliU F
ZUlou Zullo

3C0el ($1V]
29 31 26 39
Zb‘l U.ULU F
L0L0ou <2Uive

4/7FTLuFUVL

TFEFT

13 34,30 +79

20188 2C€156

13 34.30 +79

20718¢& 2C820

13 34.3C +79

20532 20500

13 34.30 +79

20832z 205¢4

13 34.30 +7y

20660 20628

13 34,30 +79y

20660 20¢52

GUT OF ORDER'.///7) '
' [PrmAP] 4\
00 ll.0 F wuuuir.3 28246000E+01 Tilevwliuve+00
Jel eV —0eH
(VY9) 11.0 T VIVIVIVI .} 3620@000E*02 360.uvVVE+CC
Je ded =05
VO 110 F wUlUuioeu 38le7UuuU0ETQL 304.2000E+01
LVeu iveU -0e5
VU 1le0 T Uuuuilaev 281l IU0VE+V2 165.0U0vJE+CQO
Lueu ddeu =Ued
v 11.0 F vuuu3eu LaBe4uulE+Q1 292.00UuE+CO
Lue.v luev ~Uebd
UU 110 T uuuuiseu L4B.40UVE*QL Ldes00VEHQ]
YY" FYV IRV’ -Jad

CC DSNANE=MOUREUHCZDioP=3nKs VUL=PRIVATE



l1IPriLJl Judg L2US P 909 0@t anKiorilsrioutleveEL =L LLADO=L
14 cAhee FURTGCLGy ERRCR=E
J/FinRTe>Y>4w OC *

[l i W 2l @

iy

iluuu
luui

39
35

A PubaniZeD LINE FLOT.
S5=CALTce LINE MAPS

wCALF8 SNAME ¢y RA,DEC

LuMirLEX FCL(G644c4) s fPUL(D9y04)
LubliaLl FUNsPFLAG

InTeoeR%¥2 ARRAY(E1lcsnZ)elBllddricol

KEAL# G INTLO4 04 )P inNT {Oasoiriundilicu) sl MPlods04)
LiiTe OER%¥2  LERC/Q/
Luvteal CISK
Luuvilal FUNJPFLAG

LuwitLAL CFLAG

CUMMUN KA LUEC yAHsALs YHe YL AY IinT yunA ey ANGRUT
cwuivaALENCE (ARRAY{seadslollsdd)
cWwUs vaALENCE (TPCL Ly L) »THP(Llyl)saraY{lsl))
vEFLline FILE 10 {(2330cusdSurlrlul

(v‘zLdo o/jol‘flbg

ncAuw THE CONTRCL CARU. 4=PULUT ot The exTENDITY uislYe.
PULAKIcED INTENSITYS. 3=PJLul LF TulAar InNlcedITY, PULAKIZcu Indendl]Y ANC
+=zPULARIccy wine PusT unN TUTAL InNTeinsilY.

KeAUu (o9 LOCIYEND=90U) 1TYPE)AnOrUT sulOK
PRInT 1CUly TTYPEyAnNORUT yLLSHK
FurnmaT(ILlyFLOalslayl)
FURMAT{LIX eIl oFlOeleblarenlld
vu JTu (1C092CCe10usiuueduliTrre

PPcoT 1

Z=PLUE utr THE

KeAUlD935) SNAMEWNCIIsUVMAAPAYINT st AP g DA lLE o MLUy AR sl L g kL

FURKMAT (2X sA e L X 20 tAsruedies3llAagrtadlloallaelod

' KkcAv Tric LATA

32
EYY

34

TPl iel)=d.0

CALL mUOVE (IMP{Ll 1) s TMP(20l)vloouu]
Kkeaotoe31) ((TMP(Jsl) gh=mMLupiHl ) yu=niLuenni )
VU we N=1,64

I=nN

Du 3¢ K=1l,54

JEuo=K

Indfus I)=TMP{N,r]}

Fuktal (26F3.0)

akilci6oy34) SNAME

rukMal (lhl,A4)

MAs=uve

NAL=0y

C RecAv Thic CONTCURS

Reaotoaelu2)d) NCLelCUNTLLI ) sl=19iel)
kil (ce2010) (CUNTLLIL)el=leninl)
Renaw (5+184C) CKRA,vuUCL

wklTce (6+2300) LRAyUULL

C LaLtl THo FLOTITING RJuTlint

LALL UNTFLT (.TRUEe. svthlyNRHiganamcsivbegLoind Lo INT yPLNT)

wlkiToe (1Z2,4011)
wrliTe (12y40l2)
vu fu 1V

- wcau IThe INTENSTITY CATA
luu LFLuloK) G8 TO Lol

C Kbauvlnu CAKLS

ReaulDslCLJd) SNAMe skAs DEC o PFLAUVIAY LNT g SivuKM e XH s AL e YHo YLy MLU» MLy

FEVERY)

i

+

wbupintil o TV AX g XCHEyALLLy YUl YLLU
FURMATIAZ ) RLZ el 1S bcetsl sl isdonrrvessbAarc blecedr/y
4F felyalD9Ellete/ yatialid



- jRead Th CATA
} M‘l’MAJ\EO. PpLOT—

REAL(5+1329) ((TMPUJs L) s l=Miuriiril ) e Jd= e Nil)
UU 4uv N=NLCONFI
I=iv
UU «9uJ K=M¥LCyMHI
J=K
Gev Lini (U e 1 )=THMPINK)
lu2u rurmAaT(26F3,0)
wu lu 192
c KeAw CISK
Lur cuinTanUE
KecAL{291030) SNAMEWRASUECIPRLAGeAY LinT sL1eUn My TMAAKyMLU pMHL o NLUyHIL
+ so0tAL s 3MINIPAINITy PERL s PUNy I BCAMy MAP givusE AMy NUMAP
Wwellclb9432)
93¢ FukMAT (1dl)
Wkl le(6+41030) SNAME srA UELsPFLAGIAY LT goivu My TMAK yMLU 9 MHL o NLUpNH L
+ sOMAL 9 SMINIPAINIT e PeRU s PUNY LB Ay MAP pivUOC AMy NUMAP
du3u FURMAT L LX)AGsR1I2e293icebolAgyblyaAslbrlobyaAscbloedy/y
+ qllAasl2)+920X 230 LlXsrTaa) s/ vidraAnetredgargibe/ vaiy/)
MLU=1L
NLU=Q
MHit=oua
NRL=0u-+
AH=3*XYINT
AL=E=AH
Y= At
YL=AL
ALRLI=(MHI-33) # XY NI
ALLU=(MLLC=-33) #xY INT
YORL={NHI=-33) # XY INT
YLLu=LINLU=-32) % XY INT
LMAP=nNUMAF+ L
ReAulLOYIMAF) ARRAY
Uu auvs N=l,04
VU by M=l 4
Ldo divltmaN)=13(M+324N+02)
iue Luinl LlE
C Rehusmar I Ze 0ATA TCO Luv
Tine=I MAX/3NORM
Ju 420 J=NLCyNRI
VU 1240 IsMLGyNMHI
Lig R (ITMAXLLTASSEINT (A 1)) ) THMAA= il UL 4
l3u  cuwi INUE
TMAA=TMAX/10C.
Ou 140 J=nLCyNHI
Ju i40 [=MLU,VHI
La4d  INTLJsy DI=INT(Jy 1)/ THAAKR
Te=INLETMAX
UVLCLL=\JQC
TAPER=0.0
- wrile THE INPLT CATA
wREIE(6:2330) SNAMEr kA DELIANURUT gAY aNT I NLy AHP ALy YHy YL
pAvIY: FCRMAT (/7 920X "TuTAL anwlbtnoslY uATA FUR "3A097/792A
+ CRAY sR1IZ 295X 0l 9510l rluay®tal RulAlT cUYyFlai o/ /
+ JuAas VINCREMENT Y9k 7l HURMACLchAlLUNY s 0oty
+ ' BLULNLERIES Y yuF /ol )
st {1 JYPEEQes) GU Tu <cuu
[ KnocAv e CULNTCUKS
KeAutS»G3L) NCLolLunTLlLld =Ll



Av3i
&vlv
lvuu

ZuoJ
C “

4uls
4uic

PAVIV
CCo

¢ K

luay

FUKMATLIZy LAy 2cdF3eU) PPAO/

WRATE (6920100 (CONTL(ID)pi=Lrni) {

3

FuRMAT(1lbh=lUXy *CUNTUUR LEVELS 3/ LiArcutrdel)
REALES5s10dl) CRAyuOEC
FURMAT(F3.309lXsF3eu)
wxiTe(€492CE0) CRA,uUUEL
rUuRMAT{LIH *GRID LNCREMENRT Y yirdavsdAsFoeu)
ALl Ie PLOCTTING ROuTINE
CALL CNTPLT{ o TRUES ydHLyNHIsOMNAE sive L g LUNT Lo EINTWPINT)
niicll2y,a4ll)
wkife(lZ2,40l2)
tukMAT('ERER )
FurmaT('END ')
iF(LIYPELEGQLL) GO TU Ly
IFCLTYPELEQCL3) GO Tu 2uu
WA wukK CN THE FCLARIcED UATA
iF(uadSK) oL TC 201
KL AD CARDS
KEAU (S s1CLU) SNAME yRAyUECsPFLAGIAY diil sovuURMy AHs AL s YHe YLy MLULsMHL
abUoivHI s TMAXy XCHIgALLUe YUHL oYL UL
TAPch=0,.0
uvlett=0.40
TNe=TMAX/3INORY
cau I CATA
REAULS591340) (LTPCLULJy L) sl=MLusriria ) sd=iniugHL )
runimaT(26F2.0)
vu Juu MN=hLCy NHI
L=N
ud ouu K=MLC,MHI
JEN

S5Uu PLLLG 1)=TPCLIN,K)

2Vl
cLL

vu Tu 206

vund ENUE

ncAL  CISK

ntadt oy 3u23) SNAMES KA sUECsPFLAGysAY LinT puivun™M e TMAKs MLUsyiMMRdl g NLU s AL
+ 0rAL ¢ BMINSPAIZNITy PeRUsPUNS I B AM s MAP yivbL Ay WUMA P

whlit {693032) SNAML srasULUsPFLAULsAY anNTyOnU My THAA yMLU s MRl o NLU g v
+ 2oMAL o BMINSPASNITY PLAL W PUINy A BCAri s AP sinuuC AMy niUMA P

buJU "'UK!"A] (lXQAd’RlzoZledQLQ lA'LL' LA"’I‘L' Adny Ctl;’o‘f’/’

LCL

2us

PAVE)
Lol

+ alanrlZ)escOAv2llXsirdasd s/ rvitoansiVesssnslag/r4ion/i
MLU=1
MLUS]
MHI=Oa
nNhi=oa
Keau ANL STORE KREAL MAP
IMAP =NUMAP+]
ncAut 1OV IVAP )} ARRAY
Du cul J=1+04%
Uu cvd l=lyo4
PUL“’J)"CPPLX(OO!U:)
bu «u3 Jd=1lyr04
UL «u3 I=1y04
Re=1is(1+32,0+32)
Pubtisd)=PLl I J)+CMPLA(REC V)
KECAw IMAGINARY AP
sMAP=TVAP+ 42
KtAL (1O IMAP) ARRAY
Ul cud J=1+64
LU <«u4 l=1ly04
ALM=3B(1+32,J422)



204 PULGLsJ)=PCLUT,J)+CMPLALUG.,AEMID —
209 LunT aNUE PPLO T 4

THAA=0.
KeNuRMALIZE FCLN LATA 70 JRVIV.
VU ¢20 J=NLUOyNHI
Uu 240 I=MLCyMRI
PINTLI»I1)=CABSIFCL(Jsl))
Sl IFLTMAKLTPINT I yLdd TMAX=PLINTlueld)
23V LunT LNUE
TMAA=TMAX/100.
WU 240 J=NLCoNHI
vu <40 [=MLO,MHI
PuLiJel)=PCL(Jy1)/THHAA
29u  PLIoT(Jd»[)=PINT(Joid/TMAX
INeg=TN2#%# TMAX
C wikiTc Trik CATA
wRITE (692315 ) SNAMEsRAYUELsAlNORUT s AX LT o TN2sAHAL  YH, YL
2ul> FurtanT (/77777 20Xy FuUl @ INnTEnoLEY ualA FrUuR Y A8/ /7 054y
+  YKAY W RL2.295Xe 0L yol3elrluasPinrP nulalcUsFilole//y
+ Luas VINCKEMENT Yy fely? NURMALL AT s Lti? s Geay
+ ' BCUNCRIES Y34t 7.1
LF(ITYPELEG.4) GO 1L 30V
Cc ReAvu Tric CCNTCURS
KeAaut591031) NCLytLunTid{ldlyi=aonua)d
kil l642020) (CUNTLGEded=donid
duéu FURMAT(iF 420F2.0)
Keal (5,103C) CRALUEL
wRklic(6420E0) LCRrRAyUUEC
PLul Yre PULARIZED INTenSIETY

[ o]
(@]
g

-
LALL CNTPLT({oaTRUEeyrihisnnHIpSarcotveasLuNE Lo P LinTy inT)
nllic(lZyacll)
wxkllfe(l2y4012)

C

IFELIYPELECL2) GU TU 1w
C PLUT e LINE PCLARIZATIuiv PLUT
30y KteAutS5elu3l) NCLeytCuNTLl L) e2=0 ot
WRLITEe(6,2010) (COCNTL (1) el=dyniLa)
heAautS5y100ld) CRAyuucl
wkiTo(642C80) LRAyuUUEL
C VU Thne TOTAL INTENSITY vLuUT
CALL CNTPLT{aTRUEe saHL giitil g SNaric g Lo LUNT Ly INT P INT)
wRITe(6s3J00)
3uuy FuwraT(lt1e/7)
THMAA=TNZ/TNL
C o6V uUP aARR2YS FUR THE L INE PLOT
vu 520 J=NLL,NHIE
vl 339 I=vLO,MHI
IFLLABSIPCLIJ ) )enNceval) INT{dsta=aTanclalMac(iPuLldal)i,
+ KeAL(PLLOJy 1)) ) *ueD
3vd LunTiNUE
CALL CNTPLT(oFALSt.yMHl,Nﬁl,SNﬂME'NMLQMUN‘l’PINrylNT)
wRilc(les4o0ll)
wkiTclidrqullld
vu Tu 10U
ydu wrRilTe(l1l2,5000)
SUuu  FURMAT(ISTOP?)
siup
ENU
C ovrudl ANE CNTPLT



C

lyvu

QUSKULUITINE UNIPLIGFLAGos LA Y souunleyive s CUNT 9B ITORL s PANU)
LuviGCAL FLAG
uiMenwSICN BITCRL{oc4soud e PANGIwasud) suinT L 2U)
KeAL* 8 SCURCE.
CUMMUN FAZWOEC 1 XFsALy YHeYLyAY InT yuAyuuevy ANGRUT
Kcal*8 RA,CEC
iNITiACL I LE
IFl«nUT.FLAG) GO TO cyU
akRlTec(12,1300) SCURLE
FusrAaT{'JOB 'e2Xvnoi

C kulaTec mAP

luus

luiv

YV PV

vt
c

J Y]
lu39

Llu4v
<. v

FRVIV)
ludbu

wklTE(L1241005)
FURMAT(*ANGL 180. 100.')
AMEin=0.
AMAA=TX-1
ALint=1a.
"‘1‘1‘:0.
YMAA=1Y-1
Yint=1e
ASLALL=%44C
YoLALe=4.0
XUU=AMAX/XSCALE =50
YUU=10
AardTe(laeslIlU) XSULALEWYSCALEsAUUIYJUsAMLINeAINL s XMAX,
+ YMAN,YI'\C,YNAX

FURMAT (ST LX PyaFoUscibFlueurrsedsriveull
wdllc(12y14320)

rUuRdAaT(*ARAY CoCS5 uelT L < 1%)
wikkTeE(12y7C7)

FunMAT (YARAY ¢, i 64 i o4t}

nile UATA
VU iy J=lyea
whilc(les LCOOM{BITORLGI L) v l=0r0al)
FurRtAT((YARAY 'y,5ulaen92Xd)
axt (E(L12,1C40)
rukMaT ("BENDY)
JuwTuus LEVELS
bu 1uv0 I=1,HC
akdiTe(1leyLUS0) CCHTC(T)
FuRMaAaT(*LEYV 'y FS.l9d9Xe%1Y)
axilocl{l2ya32l?)
Labl GRIUC(RAYOECsANsAL e ThHoeYLoAY T yUunrAsuIECI AMAX s YMAK)
KeTurN

C DeTeaMinE THEPOLARZIATIUN LINE Pould

LUV
451 (

alklTE(Lleeall )
FURMAT{YFLCT *)
LYy=1Y-2
laa=1A=2
vu <15 J=3,1Y
Y=d-—-1
Du 2fiu 1=3,1IX
A=l—4
S12e=BITCRL{JyI)/1u0.
PANLLE=PANULG{Jyl )—AnuRUTIFVeld3u/O0Va
UA=21ZE*COS{PANGLE)
DA==UA
VY=o L ZE*SIN(PANGLE)
Vol =aBSICX*DX4LY¥*pY)
Vi owun T{VLT)

CUT uFF 1w POLARIZED LINe PLUT

PPLoT &




C

[ o)

4313
214
<l

Ir(ve «LT.C.125) GO Tu 2¢u —
AL=a+DX prioT G

Ad=A=-DX

Yl=Y+0Y

Ye=xy—-DY

ARITelLl2s9318) XlsYoeAcrY2

rurmaT('LINE L¥yaFoeldyldnyt L)

Cuind A NUE

Ll ANUE

CALL GRIC(RAJUGECsAH XL YH YL IAY AT syURASUIECIAMAX s YMAX )
reTurN

1Y)

SUOKUUTINE GRICIRAyubtLsAh XL oY He YL s AYLinl g UKAyuUEL I AMAAYyY MAKX)
REAL®8 RAZOECyRAMAAs KAMINsUELMAAsuELMIng L Ll UNESFR
UATA CNE/L1.uDUO/

KeAL*8 ZERC/0.0D0/

IF(URA¥CCEC.EQ.Qe) KETURN
CLaToe14153265/180.7/50000

vcLiMAX=LEC+YF2C1]

DECMAN=VECHYL*C]

FOR=ulUS{J O {UECMARSUECMINID )

RAMaA=RA+XF*C1/FSH

RaMlN=rRA+XL®C1/FSH

UK=URA#*15.%C 1L

Ju=uubkC*Cl

RUNLT=XY INT*C L/F5SH

vunt IT=XYINT*C 1

LU THE KA GRIL MARKS

19

4310

2v
vu

39

@V

[Temr=RAMAX /DR

Fr=LTEMPHDR
CunTinlUE
ALSLKAMAX-FR)/RUNIT

AL=AL

YiZue

Yi=UeD

aRITE(LZ2+43108) YleALl Y2942
FuriiAT{ 'L INE LYy aF9S.29194 %)
YLi=YMAX

Y&=‘ 1-005

WRITE(L294218) YLleAL Y9 X2
Fr=ran—0R

Ilr{FR «LTe RAMIN) w0 TU 2y
ou Tu 10

vuisT ANUE

Trnc LECLINATICN GKRIV
LF(UECHMINJLT JZERU) 1 TeMP=LTcMP~.
LTemP=CECHAIN/LC
F=1LTEMP*CL

rx=FrR +CC

IF{FRGTLOECMAX) LU Tu 4
Al=ve.

Ac=ued
YL=(FR-DECMIN)/DUNLT

Y=Y 1

ARLIc(Ll2+4218) YLeXLleYes X<
Al=AHAX

AL=AL=Ueb

akiTe(lee4213) YleAlsYer Al
ou lu 3¢

RETURN



Eot —
J/FTuofuul DD SYSOLT=A,DLo=(RECFM=rpAbLROLLE=133 y0UFNJ=1) PP“” ;

1/oUeFTluruul CU DSNAME=MUURE sLHCZy udab=dhne VUL=PRIVATE
J/GUFTieruul LCD DSNAMEzwWrIGhT sPuLARL punaT=0dony

// CISP=(NEWs PADO I s 3PACE=(LYLslcrcddy

1/ CCB=( RECFM=FByLRECL=0UsOLRIILE=0 V)

J/0La>YSInN D *

3 T
3C21 Uu 52 4480 +68 Ub U2eu F vuuuoey 2944, JUVUE+rUL 19veovuuc+02
20 21 21 o4 dov {av Vel

L)u UeuUliv f
lausd Leuuu 14532 14500

AU LUOt9utou+T0460+5044C+5U LU 10

lo. 3Ue
3L2d UJ 52 44.80C +60 VO UZeV T uulduaeu 294.0000E+0L PN P INIVIVEE 103}
&0 20 41 >4 dev 7.U Ual

lsv UOULU F
l4u3c l4vou4 14532 l4aSés

LU Luutgutou+TC+6C+5C+40+30+2U+l0

10. ove.
b  Sutiutou+3C+10

Lue 3V

E T

i VU 52 44,80 +60 o UleU F viduweu < Y9%euUDETUL Z6leavuuvie+01
2o 31 31 >4 {av leu Je 7

1oV veviv F
L4iouU 149lcu l4toJd 14€238

LU LLutyutou+1C+0C+50+40+30tcutlu

lue 50,
j‘a&] (V¥ 52 ‘{"'. SC +00 JVO UZQU T [VIVIVIVIE V| ‘94QOUUUE*UL &UD.OUU\)&*OI
o 31 51 o4 1.0 louv Ue 7

‘.DG DeVUiwvw
lelov Llalve 14660 14062

Lo Luut9u+rou+T7C+00+50+44C+30u+20+ 10
lu. >u.
95 wutrlu+rsu+3(+130
lU. 3\.).
J/kunTuun EXEC POGM=KCNTLUR
J/bTuaruutr DO UNIT=CISKhsoPALe=(CYblylauyivl)
J/rTuoruul DD SYSCLT=AyuLb={RieCEM=F0ADLNYLLES a0 bUFNU=1)
//FTudruul DD SYSCLT=B
J/PLUTTAPE uD SYSCUT=C.SPALE=(LYLs(392dshiok)
J/FToeobuus U0 DSN=WRIGHIPULARILIsUNLT=ulon,uis? =(ULUWDELETE)



J/CASA uub (234¢P 364134943 s' New TAUY yddoLevVEL= L9 LASS=C ’rf304 l

// EkEacl FORTCLG

J/FLnT OYSIN  CC #

C
¢

5

c

PRCGRAM TU FIND uPlitLAL uePTHS

IN HYuRGoEeN LINc AdounPT Lun
KcAL TNORM(2)
INTEGER#®2 IM(296494904) yARRAY(Dlcyucdslollcoylln)
cwUiIVALENCE (ARRAY( (Lo L) sIB8(Leld)
INTEGER#*2 INMAP(2) yuELK
INTEGER*2 MAP(Z)oeNUMAP(2)
CUMMUN/FFLAG/DISKsulr Y LMAP
LuviLAL FFLAG+PUNyulSKeLMAPynra TP uTry
LuvicvAbl DIRTY
CUMMUN/FEAJER/SNAMCy kA DEC o XYainT g bcAMy LU g MHL ¢ NLU g NH I
KeAL#%8 SNAME ,RA,DEC
LLUMMUN/ZINFC/TITYP,LCHAN ¢ NUHANDy O VEL

dUUu  FURMATIULIXeI19S(1XeLL1D)

luuis FURMAT(// 4" ITYPyUIOKeOIRTY gy alcoPLLl 7/ /)

lulv FURMAT(AByR12.2 '3).&-171A’LA;LJA!fO-L,UK.ElZ.‘t./’
+ 4t d.l04154E1l2.40/¢4FT7al)

Lula FURMAT(// 9 LlX1ACeRlcecsdicehsihoianaursFoes yOKk9EL2e% e/ ¢ thy
+ qrlel s4lvstl2.40v/91XKyaFTal)

Ludu FURMAT (2¢13)

1 REAULDL 2 LOCIOHENC=S0U) LEYPDISKyuanTfynnile s PLUTFOL

PrINT LuCl
PRINT 1CCCy TTYP+DISKewIkTYynrileePiLulry

UEFEINE FILE 10 (2330us25%04Us1Us

L=1
2 PRINT 1002
Lduc FURMAT(1HL)
IF { «NJT. JISK) GU TU 1v
LMAP=,.TRUE.
REAL L9 1030 ,ENU=9C0U ) S‘\AME'RA'Utbof":..ﬁ\u.l\x“\lr,B«\URM,TMAI\,
+ML ot g NLo NH
+ oD’LAI”i'dMlN’PA,f\ITyPERC.PUNQIdCANaLMAP(Ll'-“UthM'NUMAP(L)
ki Tel6,41033) Sf\AME'RA'UﬁCQPFLAUpJ\YlNI'DN»JRMoTMAXyMLyMnyNLpl\H
+ sDEAMBMINGPA JNITyPERCIPUNy LBLAM LMAP L}y NUBLEAM, NUMAP (L)
V3V FURMAT {LXsAGy)R 12ecrdLcedy iAol Ly sAsrfasssAnycbEiDeby/,y
* alLAsI2) 920X 3(1XeFTerds/slasinsrvessiarle/salo)
MAPLL)=NUNAP(L)
IF(ulsTY) MAP(L)=1MmAP (L)
INGRM(L)=TMAX
REAULL1O"™AP(L )}+1) aAxrAY
VU o J=33,9¢
UUu D 1=32,6¢
D lilltel=32+4d-22)1=18B(1,yJ)
irtudnTY) PRINT 1ouy
IFLeNCTSCIRTY) PRINT iuly
lu0Yy FURMAT (1Xy*CCMPARLSUN Ul DIKTY Hars ')
1ol rukmal {1Xs*CCVPARISUN UF CLEAN MAP> %)
wu Tu 21
LV MabPlL)=L
Luv heAaul5,1CL L) Sr\AM'CQKAyL;ECQPFLAu,AIlNTpDNUKM,)\N,ALQYH,YL.MLU.:"H[,
AivbG el s TMAX  XCHIvALLUYYCHIZYCL U
PrinT 1311, Sf\ANEyr\A,ULC,PFLAG,AYLH"DNUN.“I’XHg)\LQYHpYL,NLL'NH"
ANLUsNHE s TMAX W XCRIgACLUsYLHTZYCLU




21
C

TNOKM(L)=TMAX -TAU 2

REAULS sy 102C+ERR=21) ((IMILolsd)si=ss0a)su=1r04)
MH=5334+XCFI/XYINT
ML=33+XCLO/XY INT
NH=o3+YCERT/XYINT
NL=23+YCLC/XYINT
IF(PLOTFG) CaLL PLUOT(OsL sMuPsiMsls0o4sl sy TNURMIL))

CALCULATE CENTRES OF CHANNELS

luav
luov
lvou
luviu

LI
CCe

1234

1i

[ P4

13 .

Y
SUJ

)

KEAULS+lUGIsEND=9CU) LLCHANYNCHAND yDweVEL
UNUUY==14.20405752/2 951530

CENTRE=(2*% [CHAN+NCHANS=1)/2.

DNU==8BW/G6.

v¥=uhlL/0ONUDY

VELLURN={ CENTRE=-49,., }*DV+vEL

wluTE=NCHANS*CY

FrEWSVEL*ONJOV-(CENTRE=494 ) *Dvuy

FaluTh=-NCHANS#CNU

PriinT 1CEQ

Prind 1040 ’ ICHAN s NCRRinogDA VEL

PRINT 1060

PRINT LCT7OGVELCENy nILTHyFREwerwiulH
FURMAT(LX 21 602X0cFLlued)

FukRMmaT{/7,' 1CHANynCRHAND sow {KiHe ) o veLULLITY (KMS) ', /)
FurMaT(/Z " MAP VELUCLITY wIuTH(AMI dorRewueNCY ywiUTHIRKHL)IY 4 /)
FurMAT{iX,10F1Je3)

lric «Cae 2) GC TQ <

UISPLAY  ALL MAPS wuveR KeEFtERcwirs AREA
MLu=ML

MHLI=MH

NLu=nNL

wnh 1 =ivH

L=<

bu Tu 2

CUNTLINUE

T au= TNCRM{2)/TRIRM(1)
THREE= ALOG{TNURACZ I/ TinURM( 1))
IF(ULInTY) Tal=1.
IFtVoixTY) THREE=0.
PRINT 1234y TWCoTHKkEE
FUrRMATI(//7,s% SCALING FALTUR FUR MAP wuUlitnT ' FlOewe/ /9 SULALLING FA

+LTur FOR LOG QUOTIeinNT'yFluea)

Ju oJu MN=NMNLCyNHI

UU buu N=NLCyMHI

bu Tu (71472473}, 1TYP

1M(d9N,N)=l~(Z.N’N)‘lp(lONQN)

bu Tu 5906
IMCasMaN)=(SatINM{29MyN)IFETWU/ (LMl LamianNdtuavl) *10vV

bu TL 500

1F (LM{LeMyN) oablEe U aURe IMlosmMann) obbe 9) LU TS 1170
IME2 e Mg NI=(ALCGGLIMIZ o MeNIFU =AUl dMIL o rig N) #+O )+ THREEDI®F (- Luu.)
vt Tu 5CQ

Ll cemye N} =569

CunfinNUE

LMaP=,FALSE .

CALL PLOT(ITYP oL MAP s 4MyMLGoMHL gixugnnnigde)



LF(wrn ITE) CALL CARDS{IM)
bu Tu 2 :i FF] 3

9Cu STuP -

eND
SUBRUUTINE PLOT(KyMAPNC 9MAPy IMyricus Ml Ll pinu o NHT s TNURN)
LuLlCAL CISKyCIRTYyarITEYZPFLAG
INTEGER*2 ICOMP({80)+1M(2064904) 9MAaP )
LUGALAL LMAP
CUMMUN/PFLAG/CISKsUIRTY 4LMAP
Kl=K+1l
wd Tu (21+,22+23424) s K1
Z1 PrINT 201, MAP(L)
bu Tu 15
2¢ PrRINT 232y MAP(2)4MAP({L)
vu TU 15
22 PRINT 203, MAP(Z2),MAP{L)
wu TU 15
24 PrRINT 234, MAP(2)sMAP(L)
vl FulkmAi (/7740 THE MAP ', ]los' REnwunMaLlitu TU MAX = 10UY,//)
V2 FummAT (/774 THE DIFFERINCE UF MAP'sdorlAar® ANU MAPY, 106,//)
U3 FUuRmMaT (/774" THEE QUUIALNT UF MAP Laied tu'sloslXetaNu MAPY 4 ]04/7)
ceU4 FunMarT (/774" THEE Luu GF @ulTlend ur MAP Y10 lAr?ANU MAPY 1040 = I
+u  TIiMES CPTICAL DcPTH.TAU'4/ /)
cuby FuRkMaillH )
206U FuRMAT(Lh 4 12,1Xe€412)
Lo PrinNl 2C3C
PRinT 206CyIslIvI=0iy04)
prinT 2C3C

LSCALe=10
Ir{uloK <ANDO. LMAP) LSCALE=LlUU
JFtuloK <ANCe LMAP JANUe BLIRTY) waCALE=TivuKN/ LD

DU ol N=1,64
64 lLuMPIN)=0
Vu 6c N=1,64
J=ob5=N
IFLJ .GT‘ N"I .GR. J .LT. ,\LU) LU Tu o«
vu o> I=MLOWMHI
ICOMPLT)I=INMIMAFNC I y9)/LSCALE
IFC LLCMPLT) LTe =9) 1LUMPll)= ~scumP(ll
65 CunTinNUE
PrlnT 2C6Cs Jy(ICCMPL{L)yl=1youl
62 LuniinUE
PRINT 20€Cy 19l IvI=1lr04)
~t T UKRN
EnU
SLORULTINE CARBS(IM)
INTEOER%2 IM(2y €4y b4)
CUMMUN/FEADER/SNAMEy RAJUEL s AYLINT yBEAMyMLU s MHT 9y NLU 9y NHI
KREAL*¥E8 SNANEZRA,DLC
CUNMMUN/INFC/ITYP, I CHANsNLRANSyomy VL
LUMMUnN/PFLAG/CISKyulnTr yLMAP
LULILAL CISKEInTYsLrab
TNURM=13C.
PuUuinLtr 4UCOsSNANMEyRAyOEC o ITYPoUIRTY sAY I Iy BEAMy INUKM s MLUy MHI
+NLU oint T o ICHAN s NCHANDS sy Oy VEL
Prlini 2439
PRINT 4000 oSNANE kA yucColTYPouiRIYyAY LT ) 3EAMs TNURMyMLUyMHI
+nLU et I 2o ICHAN s NCHANS s DA g VEL



UU 10 N=MLC,NHI —
bu LU M=MLC,MHI THU 4

IFLAM{2¢MeN)eCELLIUUY )} IMlcyMyivl=99 ———
LECIMU29MoN) oLTol ) IM{2eMen) =y
iv CuNT LNUE
Puntrl L300 (L IM{2yMeIN) oM=MLO sl o=l UgnHI )
lyuu FURMATI(2612)
2ulu  FuUKMAT (// % PUNCHED :—= *,/)
4UuuU FUREBAT (L X928 9R12.295912 b0 leglAsiasbAsclreeloF0ele2X24)09/
*lAsclv32X42F10.3)
fETUKN
END
F/6CeFTunFuul L[CD =%
351 r 1 F
CASAURKEF <3 21 06480 #50 32 40.9 F wuuisey 274.0000E+01L l3vevouukb+02
24 4y co 4“2 (V37 REVERVIVIVIUS, JV) Ve
AU Veuidd
3304 34lo 3t1€ 36(C8
CADAULL ¢35 21 06480 +50 32 4049 F Juuteu 37244duillc+yl Lldevysuut+C2
24 4Jd Lo 4l (V1 PAVERVIVIVE'S IV Ja0
1V veviv F
3304 o443 357¢ 3640
33 1 78.125 -4 8
CADSAULY <2 21 06680 450 02¢ 40e9 F Uuwidewv 272.00GCuc+Ul Lld.uq0uL+C2
29 4J <3 4¢ UtJded WUUULIeu Vel
lud U.Ulu "
2304 J4vou  351€ 2672
24 1 13.125 -40e0

1/60G.FliuFuul CC DSMNAME=MLUKE sLHLU Gy Ul dP=0HK svul=PRIVATL



THE END



