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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 so 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 (6HC1 through GHC6) each 23179 blocks and FREQS 4096 blocks are 

now allocable to users. I 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. 

c) 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. 



-2- 

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 is 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. 
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10. A sequence of maps at an equal frequency interval may be 

transposed into space-frequency maps. 

XI. Either RA-DEC or RA-frequency maps may be displayed as 

printed maps or on the ARDS display as profiles or contours, or 

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. 

ii)  through a common area "USER" which contains all the para¬ 

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

c) 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. 
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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 (512*16 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. 
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3. LOADING DATA ONTO DISK 

The line data is 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/O 

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. 
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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 block 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. 
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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: 

FOR EVERYTHING 
SOURCENAME 

CONTINUUM 
RX-SUMS 
BROAD-BAND 
RX-A 
PJC-AB 
RX-ABCD 

VECTOR 
COMPLEX 

AVERAGE 
n INT » LOOK ml m2 SCANS 

ml    A-SCAN 
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The verb is SCANS which drives the display over the given range. One 

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

Examples are: 

1)  FOR EVERYTHING 

CONTINUUM VECTOR LOOK 

3000 3024 SCANS 

prints amplitude and phase of continuum 

channels (1 line per record) 

2)  FOR NGC2403 

RX-SUMS VECTOR LOOK 

3000 3024 SCANS 

prints added line channels for NGC2403 from 

scan 3000 to 3024 (1 line per record) 

3) FOR EVERYTHING 

AVERAGE BROAD-BAND 

COMPLEX LOOK 

3124 3135 SCANS 

4) RX-CD VECTOR LOOK 

1560 1780 SCANS 

5) DUMP 1010  1050 

prints the scan-average as real and imaginary 

for both continuum and rx-sums 

prints the line data 8 pairs to a line 

for the (second) 96 frequency channels 

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: 

1)  FOR 
EVERYTHING 

SOURCENAME 

CONTINUUM 
RX-SUMS 
BROAD-BAND 

AMPL 
PHASE 

AVERAGE 
n INT = 

MONITOR ml m2 SCANS 
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2) 

Example 2: Plotted output 

0  30000  SCALE set scale 

FOR EVERYTHING 
SOURCENAME 

AMPL 
PHASE 

RX-AB 
RX-CD SPECTRAL-DENSITY ml ml    SCANS 

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

20 equal intervals which are printed as 0, blank, l,blank,2, ,9,blank. 

3) RX-AB 
RX-CD PROFS 1030   1400   SCANS Self-scaling amplitude and 

phase plot of scan averaged 
profile. 

4) 

PLOT 
PRINT 

REAL 
IMAG 
AMPL 
PHASE 
COMPLEX 
VECTOR 

CONTINUUM 
LINE-SUM 
RX-AB FREQ 10,15,16,17,20,* 

DISPLAY 1034 
A-SCAN 

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 

DELAYS prints three chosen amplitudes and phases versus delays in 

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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B)  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, 

PRINT 

PLOT 

REAL 

IMAG 

AMPL 

PHASE 

COMPLEX 

VECTOR 

PROFILES 
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5. CALIBRATION 

Five calibrations are envisaged: 

i) interferometer baseline 

ii) observing-frequency dependent instrumental phase 

iii) instrumental phase 

iv) shape of the IF passband 

v) instrumental gain 

i) Baseline Calibration 

BASES LOAD 

5 VARIABLES 

CONTINUUM 

CAL 3C48 100 

CAL 3C309.1 150 

CAL 3C418 170 

SOLVE 

200 

300 

270 

load program 

use continuum channels 

SCANS 

SCANS 

SCANS 

selects the sources to be 
used as baseline calibrations 

performs a single least squares 
iteration to the phase of the 
continuum data to improve the 
5 variables: phase center, 
Bx, By, Bz, K 

ii) Combined Fit 

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 

CAL  3C295    600   755  SCANS 

sources to be used as 
calibrators 

SOLVE performs a least squares iteration to the phase of the 

continuum or line-sum channels to improve 0o, Bx, By, Bz, K, d4>/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 

"n" BANDWIDTH 

BASE-COR  600   700  SCANS 

applies the stored baseline 
corrections to all bandwidths 

corrects the data for bandwidth 
"n" 1=10 MHz thru 9=39 KHz 
n-0 is the default value 

An initial guess may, and should, be entered if there exists a lobe 

ambiguity 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. 

corrects all B/W's for initial 
values of all 6 variables, <j>o, 
ABx, ABy, ABz, AK, d(J>/df. units: 
millilobes, X/1000 and millilobes 
per MHz respectively 

0 0 0 0 0 0 B12 

0 0 0 0 0 1413 B13 

0 0 0 0 0 -121 B23 

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 

CAL  3C309.1 100 300 SCANS 

determine instrumental phase from 
these calibrators 

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 
is 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 
(Optional) 

RECIPROCAL-GAINS  1000 9000 SCANS 

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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50 INTO 4 STORE 

DATA   144  A-SCAN 

store the value 50 into word 4 
of data records 

RX-A  DELETE J.40 150 SCANS  flags line receiver "bad" 

C0R-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 

144 170 SCANS 

RX-AB 50 ADD-PHASE 

144 170 SCANS 

B) Phase Corrections 

CLOCK-COR 

POSITION-COR 

PHASE-COR 

multiplies data by 500/1000 

add 50 degrees of phase to 
RX-AB 

Examples 

FOR EVERYTHING 

PHASE-COR 140 5260 SCANS 

10 CLOCK-COR 5260 5400 SCANS 

FOR 3C286 

130 40 POSITION-COR 

500 5000 SCANS 

corrects for atmospheric 
phase effects 

adds the given correction 
(ms) to the clock 

Adds corrections 130 x 1/100 sees 
of time in RA, 40 x 1/10 sees arc 
in DEC to positon 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. 

C) Fixups 

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, d- 

d?  and d. 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 

//FTOSFOOl and write on //FT04F001. 

TAPES LOAD 

10 NU » TELESCOPE-TAPE* 

10 NU - 500 

500 

500 

500 

500 

500 

2700 OBSERVER-TAPE* 

2700 WRITE-NINE 

2700 LOAD-NINE 

2700 1 BAND-WIDTH 

2700 COPY-NINE 

7000 TAPE-INDEX 

load program 

transfers the telescope-tape data to 
a catalogued disk data set 

transfers given scan range on back-up 
tape to disk data set 

writes a scan sequential 9 track 
tape from disk for scans 500 2700 

loads the 9 track tape (written 
by above) 

as IX)AD-NINE but loads only the 
10 MHz Bandwidth data(2 = 5 MHz, 
  9 £ 39 kHz,).  This allows sorting 
the data by bandwidth 
copies 9 track tapes 

list 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 = xl, 2 = x.l, 3 = x.01, 1 = x.001) E.g. 

GAINS 0032   scales BL12 and BL13 by xl 

scales BL14 (autocorrelator) by x.01 

and scales BL23        by x.l 

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 

The mapping process has two stages: 

1) Imaging the data for the desired source, correlators and base¬ 

lines into a gridded u-v plane. 

2) Fourier inverting the u-v plane to obtain a map of the brightness 

distribution in 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 

Examples 

MAPS LOAD 

127  DIMENSION 

30   30    RESOLUTION 

3000 ARRAY » 
CONTINUUM 

RX-SUMS 

DIMENSION 

RESOLUTION 

CONTINUUM 

RX-SUMS 

LINE-FREQ 

ONE-FREQ 

SHORT 

IMAGE 

MAP 

PLANE 

READMAP 

TRANSFORM 

1  9  ONE-FREQ 

load program 

T>ft ~ TOO o^^« (this is the default and iZo x izo array ^, . ,  -. J      the maximum value) 

3" arc per cell in sky 

starting address for map on disk 
(128 blocks per map) 
use continuum correlators 
use correlator sums 

u-v plane to be made from 
1 v9 g" 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 
AMPL 

PHASE 
REAL 
IMAG 
TRANSFORM 

SCALE 
MAP 

PLANE 

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 

0 10000 SCALE re-set scale 

44 76 45 77 OUTER-AREA 

50 70 60 70 INNER-AREA 

REAL READ-MAP 

IMAG READ-MAP 

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 

MDLT-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 LOW - 
3000 INTO 3128 BEAM 

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

adds 1st map into 2nd 

multiplies 1st map into 2nd 

divides 1st 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. 

Example 1 

UV 3000 GET 

TRANSFORM 

1000 100  SQUEEZE 

MAP 

4000 PUT 

SECOND MAP 

4032 PUT 

UV 
SKY 
GET 
BEAM 
GRADE 
SQUEEZE 
FLOAT 
TRANSFORM 
MAP 
PLOT 
SECOND MAP 
PUT 
TRANSPOSE 

move into core the u-v plane stored at 
block 3000 on disk 

Fourier transform  
condense to integer maps(divide real 
imaginary parts by 1000 and 100 
respectively)  
1 digit printout of real map as contours 

store integer map starting at block 4000 

imaginary map printout 

store integer map (32 blocks per map) 

* See overpage 
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Example 2:  Grading 

30 30 RESOLUTION 

UV     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 

4000 GET 

FLOAT 

TRANSFORM 

100 100 SQUEEZE 

PLOT 

SECOND PLOT 

"SKY" specifies an Integer map. 

Move integer map into core 

"FLOAT" converts to floating point. 

Re-transform sky map to u-v plane. 

Scale back into integer maps. 

Plot real part in 2 digit numbers. 

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 uncallbrated 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     DEFINE EVERYTHING 

110 GAINS 0000  INCLUDE 3C20 

FLUSH 

500 28000 DUAL-FREQ loads 9 track tapes 

written by the dual 

frequency system 

Display of Data Options 

S-BAND RR 1       1 
LL AVERAGE VECTOR LOOK 500 28000 SCANS 

X-BAND RL 
LR 

n INT« COMPLEX 1050 A-SCANS Displays the scan- 
' averaged correlators 

AMPL 
PHASE 

MONITOR Also DUMP, HEX-DUMP 

and other relevant 

displays work on 

dual-frequency data. 

Editing and Calibrating Options 

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 

0 100  SCALE 

1x1 arc cell size in sky 
appropriate for X-BAND 
set scale for displays 

starting address of u-v plane. 3000  ARRAY* 

X-BAND 

S-BAND 

500 28000 IMAGE 3C20 

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

RR 
LL  500 28000 IMAGE 3C20 
RL 

Make gridded u-v plane for 
chosen band and correlator. 

AMPL 

PHASE 

REAL 

IMAG 

MAP 

PLANE 

'MAP" gives a 1 digit display of the whole u-v plam 

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

RR 

LL 

RL 

SHORT 

are defined to give maps from 

the 2-3 baseline only. 

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 partition. 

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 (IX, A8, R12.2, S12.1, IX, LI, IX, F7.1, IX, 2E15.4) 

SOURCE source name 
RA ra 
DEC dec 
POL N-FLAG T for polarized otherwise F. 
XYINT Grid size in arcseconds used 
BEAMMAX 7 for map (as set in making u-v 
MAPMAX J plane by RESOLUTION) maxima 

printed out by INVERSION program. 
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Card 2 

Format (4(1X, 12), 20X, 3(1X, F7.1)) 

XLO 
XHI 
YLO 
YHI 

BMAJ 
BMIN 

PA 

Cleaning area in units (1 to 64) 

printed on borders of maps printed maps. 

Half-widths (in arcseconds) of Gaussian clean 
beam used t6 convolve clean map 

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 (14, IX, F5.3, IX, LI) 

NIT maximum number of iterations to be used 

PERC 

PUNCH T for punched output otherwise F. 

smallest source to be subtracted, as 
percentage of original maximum. 

Card 4 

Format (4(1X, 15)) 

BEAM 
MAP 

NUBEAM 
NUMAP 

Card 5 

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

locations to be used for storing clean 
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. 

Blank. This card is used by TAU. 
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Figure 3.      CLEANING AREA 

A)    CJ-B'ft/OF 
/H17 

Xt-o -tP^YJ-o - «/iW) 

b)     CL£/UJ H 

I    ft        letntx '<H + Pft^(yHi_^r.v 

yto 
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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. In 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 
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- EDITS LOAD  editing 

— 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 

c) 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 
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APPENDIX 2 

H-LINE FORTH DICTIONARY 

a) Common "/USER/" 

THETA 

Fl 

NF 

DF 

RES (4) 

NS 

LIST  (38) 

LOW 

HIGH 

INT 

C 

SCAN 

RECORD 

NU 

P 

SOURCE 

ARRAY 

K 

ARG (3) 

Y-DIM 

Kl 

NR 

ENTRY 

USE 

rotation of array 

starting frequency 

number of frequencies 

interval between frequencies 

A , A , A , A 
x  y  u  v 

count of items in List 

Lists of scans and frequencies 

Lower Limit 

Upper Limit 

number of records integrated 

correlator posiiton 

scan # 

record # 

frequency 

polarization 

used in disk index 

statting block # for map 

used for real imag, etc. 

multiply used for parameter passing 

used in retangular FT 

entry point in "INTER" 

# of repitions of "SCANS" loop 

entry point in subroutines 
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b) Words used to set parameters 

INCLUDE 

GAINS 

DEFINE 

AVAIL 

INNER-AREA 

OUTER-AREA 

A-RECORD 

DATA 

HEAD 

EVERY 

REAL 

IMAG 

AMPL 

PHASE 

COMPLEX 

VECTOR 

RX-A 

RX-B 

RX-C 

RX-D 

RX-AB 

RX-CD 

RX-ABCD 

RESOLUTION 

BASELINES 

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 A , A , A , A for mapping x  y  u'  v      rr © 

printout baselines 
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LOOK 

HEADER 

FREQ 

SCAN-LIST 

DUMP 

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 

list 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 

MAP 

READ-MAP 

ERASE-SOURCE 

ERASE-ARRAY 

SCANS 

A-SCAN 

TELESCOPE-TAPE 

OBSERVER-TAPE 

DUAL-FREQ 

LOAD-NINE 

WRITE-NINE 

COPY-NINE 

TAPE-INDEX 

ADD-MAP 

IMAGE 

GENERATE 

CAL 

GET 

PUT 

BEAM 

GRADE 

PLOT 

PLANE 

SQUEEZE 

FLOAT 

TRANSFORM 

moves included sources to disk 

a printed contour map 

a numerical printout of map 

erase disk source indices 

zero array on disk 

a loop through scan #s 

a single scan 

load 7 track tape onto disk 

load 9 track observer tape 

load dual frequency data onto disk 

load 9 track tape onto disk 

write a 9 track tape 

copy a 9 track tape 

index a 9 track tape 

add arrays together 

make a gridded u-v plane 

make a specified map 

use source as calibrator 

move into core 

store onto disk 

add 1000 j into u-v plane 

grade u-v plane 

2 digit plot of integer map 

"  "    "  " floating-point u-v plane 

scale floating-point to integers 

FLOAT integer map 

an FFT routine using disk access 
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APPENDIX 3 

To Add A Fortran Subroutine To H-Line 

1) Code the subroutine accepting all input through common 

/USER/.  Compile it as a r*itmW of "MOORE-MODS". 

2) Recompile subroutine "INTER" with a call to your subroutine. 

3) Add your subroutine to an overlay statement with similar 

subroutines in the "LINK-EDIT" deck. 

4) Addia Fortran definition of your subroutine to the "FORTH" 

deck, and/or a suitably memonic definition in the "FORTH" 

definitions. 
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AFPENDIX 4 

H-LINE RECORD FORMAT 
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neaaer tormat 

29 October 

Word 

1 
2 
3 
4 
5-6 

7-10 
11-12 

13-14 
15 

Content (units) Unused fields 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29-30 
31-32 
33-34 

35-36 
37-38 

39-40 
41-42 
43-44 

45-46 
47-48 
49-50 
51-52 

53-54 
55-56 
57-58 
59-60 

61-62 
63-64 
65-66 
67-68 

integer 1 (identifies header) 
scan no. (0 - 32767) 

360: no. of data records 
Greenwich sidereal days since 2424832 
LST 116: BCD (.Is) 

360: integer (.Is) 
source name (8 ANSI letters, even parity) 
RA (rev) 116: 30-place fraction 

360: REAL*4 
Dec (rev) " 
return code: 0 

1 
2 
3 
4 
5 
6 

start LST (10s) 
stop LST (10s) 
mode 
system 
observer (2 ANSI letters) 
operator     " 

no. of phase corrections applied 

"  clock 
"  position  " 

85-1 Dec (1/4 rev, 15-place 
HA fraction) 

85-2 " 
85-3 " 

line-of-sight standard-of-rest velocity (c) 
116: 30-place fraction 
360: REAL*4 
synthesizer frequency (Hz, integer) 
Z12 baseline (1/1024 cycle) 116: integer 

360: REAL*4 

;i3 
;23 
'14 

13 

'23 
L14 

;i3 
;23 
14 

k 12 

13 
k23 
HA 
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69      source scaling divisor 
70-100 
101-512 



data format 
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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 (.I8) 

360: integer (.Is) 
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 ns, integer) 
23-24 signal power, channels 1-48 
25-26 49-92 
27-28 93-144 
29-30 "            145-192 
31-38 signal + noise power   " 

correlator words 1572-158? 
39-42 bandwidth code, channels 1-48, etc. 
43 mode 
44 noise tube state 
45 gain modulator code 
46 switches ^f 
47 switching rate code 
48 clipper test 
49 digital test 
50 
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55 1-2 continuum, real 
56 imaginary 
57 baseline #1 116: offset 
58 RMS: 0 or negative - ignore < lata 
59-62 1-3   "             (#2) 
63-66 2-3   "             (#3) 
67-70 1-4   "             (#4) 

360 format 116 format 

71-74 first receiver, real 71-72 first, real 
Imaginary 73-74 imaginary « 

(2~7* RMS)* baseline 75-76 
RMS 77-82 second   " 

75-78 second   " 83-88 third 
79-82 third 89-94 fourth.   " 
83-86 fourth 95-134 A/D channels 24-63 
87 135-150 correlator.words 
88 1588-1603 

A/D channels 24-63 15|-256 
89 85-1 R if monitor 257-258 channel 1, real 
90 II L   II 259-260 Imaginary 
91-92 85-2 261-264 channel 2  " 
93-94 85-3 265-1024 channels 3-192 
95-96 42 • 

97-104 "  sync detector 
105 microwave I phase 
106 If               Q       .1 

107 
108 temperature ( C) 
109 dew point (0C) 
110 barometric pressure (mm) 
111 cable pressure (?) 
112 85-1 water vapor (?/K) 
113 85-2 
114 85-3 
115 
116-118 "  box temperature (?) 
119-125 
126 42* water vapor (?/K) 
127-128 

129-130 channel 1, real 
imaginary 

131-132 channel 2  " 
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Word formats 

Word  Use 

8    receiver baselines 

10    correlator gains 

11    if selected 

12    computer control 

13    lock 

Bit  Use 

1-4 RX-A 
5-8 B 
9-12 C 
13-16 D 

1-2 1-2 RR 00 multiplied by 1. 
3-4 
5-8 

LL 
1-3 10 multiplied by .1 

9-12 1-4 11 .01 
13-16 2-3 

1-3 85-1 001 XR-SL 
4-6 2 010 XR-XL 
7-9 3 100 SR-SL 
10 water vapor cal on 

1 85-1 
2 2 
3 3 
4 85-1 receiver 
5 2  " 
6 3 
7 85-1 delay 
8 2  " 
9 3 
10 1-2 correlator gain 
11 1-3 
12 polarization and focus motors 
13 1-4 correlator gain 
14 2-3 
15 2-4 
16 3-4 

10 42'      out of lock 
11 master lo tf 

12 85-1 lo if 

13 2 " 
14 3 
15 



-45- 

14    range 

15    faults 

1 85-1 lo phase unlocked 
2 2 
3 3 
4 421 

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«  » 

1 85-1 box temperature out of range 
2 2 
3 3 
4 
5 85-1 SR receiver fault 
6 2 SL  " 
7 XR  " 
8 XL  " 
9-12 85-2 " 
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Disk Layout 

Block 

0 

1 

2 

99 

100 

101 

102 

109 

110 

I 
159 

160 

I 

APPENDIX 5 

} 

} 

) 

) 

} 

Content 

Empty 

Empty 

Forth program 

Name index 

Calibrations 

Scan index 

Source index 

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 



uc 160 DEFINE AVAIL 
^^22 INCLUCE 3C46 
^22 INCLUDE 3C*.73 
2^22 INCLUCE 3L2oO 
^222 INCLUCE 3L2/V 
^22 INCLUCE JCJ09REF 
2222 INCLUDE 3C^J9.1 
uuOO INCLUCE FKtti 

//fREU        JUd    (203,D,l,l»i),oHC<ttMSGLtVt4_=i.,ULA^ = D 
//   tAcC   PbM=HLI^E,CC^0=6VENfACCT=b 
//^TtPLio   uQ   0SNA(>'E=NCCRE.JOcii>tUISP=irlK 
//FIUJFUUI      CD      DSN = EACK-uPfDlSH=DLDtU^iT=TAHtf«QL=Sfck=i:^92 
//MJ^I-UUI      DO     DSN^BACK-UPt Ji^P=NcWfU.\Al=lAFctVUL=SEf<=167>,LAt>tL=2t 
// OLO=(KECF^ = VSB,Lf<EUL=lU2<i,bLKSiZ.c=2uov/) 
//DISK   OU   uiNAf'E=^OORE.GHC^,JlSH=ULO 
//FTuorUul UD SVSCUT=A 
//REAutK ULl * 
c LUAO 
H-LIwc LUAu 
TAPES LUAU 
ERA^t-SUUKcc   160 DEFINE AVAIL   0 JtFifoc tVfcKYTHING 
ilu   oAI.^ 
111 bAiftS 
112 bAi.45 
113 OMi^5 
114 bAi.VO 
11^   GAlt^S 
ilo   uAiNS 
117   oAAi>i5 
FLUbH 
10   1*0^= 
i^l^j   1^37^   CBSERVER-TAPt 
I-ING   AVAIL   . 
tUilo   LUAU 
i   Pfl  PAS^-OANO   ;     :   E8   Rx-AbCD   EDlT-6A^u   ; 
:   AS  A-^UAN   ;      :   P   PRCFS   ; 
i   UP  KA-Ad  ACC-PH4SE   ;      :   LP     RX-CU     AuU-PriASt   ; 
i    ii> - i»tAi>*-LlST    ; 
:   5   SUAN^   ; 
^5   UP   i^i^t^   AS 
12!»   uP   i<il<t*   AS 
-i^U  UP   izj.^7   12160   S 
-13   UP   i.^i.0^   12165   S 
id   UP   l^loo   12168   S 
9b  CP   i^iu^   12171   S 
-3^   4.P   i^lHV    AS 
12J   LP   i.215v>    12152   S 
-oS   LP   i^lj->   12154   S 
142   cP   12iD5   AS 
Pb   12J^O   AS   E8   12226   1232o   S 
Pb   l^^i   AS   E3   1222^   123J>1   S 
fb   12->.><*   Ai   Ed   12232   123^4   S 
F6   1233/   A3   EB   12335    123^7   S 
Pb   iZ-^O   A^    EB   12338    1I34J   S 
fb   1Z3^J   Ao   Ed   12341   123*3   S 
fb   1Z:J4O   A^    EB   12244    123HO   S 
Pb   1^4^   AS   EB   12347   1234^   S 
5S   i^l**^,l^l55tl2152,    INTO   1J0Q   STACK 
SS   12^i3tl2zlBf1222lf12224,    iNTU   luOl   ^IAUK 
S5   t^^Z/, i.^^3Ct 12232,122^6,    il^TG   lUO*.   OIAUK 
SS   122^^, 1^.^42,12245,122*5,    INTC   LuQj   ilA^K 
iS   l<L<Lt>Hf izz57, 1226C, 122t;->,    INTU   luU*   ^JAUN 

SS   IZ^Oo^^zbS,    INTO   1C0:>   STALK 
SS   lZJ<Lt>t 1ZJ29, 12232,123^5,1233o»    INfu   XUJO   SfAuK 
SS      L4L2**L ,i.z344, 1234 i , 12JDU,    l.^iu   lov>7   ilAoi\ 
SS    1<_WOJ, i^j 56* 12339,    INTO   UCb   STACis 
SS   I^JOS, 1^68,12371 ,    INfU   lJu9   STACK 
5    GO   J.UUU   i.JlQ   S    ; 

I^UR   cVtRYThiNG 
BRUAIJ-OAI>*L   vECTCR   LOCK   GO 
RA-Ab   PRu^i   GO 



PAGE 
PX-LU   PKuFS   GO 
TAPES   LUAU 
FOK   tVfcKYTHiNG 
/UU   123/3   WKITE-NINE 
PISCARU 
GiiUUby 



//FiitU     JOb   (234fP,6t4t3) trtLlNE,MSbLcrfc4- = i,ULASi-C 
//   EXEC   Pi,M=HLINE,CGNC=EVEN,ACCT=G 
//jTcPLlb   uu   DSNAfE*NCCRt.JCbSf DISP^oriK 
//UiSK   JO   uiNAHE = MOORE*01SK,DIiP = ULUtVuc=PKiVAli: 
//MuoFuul   DD   SYSCUT=A 
//RfcAUck uu * 
c LCAD 
h-Llftfc   LUAU 
tL»lTS   LOAD 
FOR   f-Rcu 
^X-Ab  -1J»4   ACC-PHASE 

7^73   A-^CAN 
RX-Cii  -2^   Ai^C-PFASE 
7i)73   A-SCAN 
RX-AB -b2    ADC-PHASE 
e091 A-SCAN 
KX-Cu  o5    ACD-FHASE 
oU91 A-ScAN 
KX-AB  -bo ADO-FHASE 
CUS>2   A-SCAN 
ftX-CU     4J ACC-PHASE 
OU92   A-SLAi\ 
«X-Ab -7Z ACC-PHASE 
b294   A-SCAN 
RX-Cu     35 ADC-FHASE 
i294  A-^UAN 
SCAN-Li^T 2216,3367,4535,4ooo,^Z37t      ^391, 
INTO   ixjou   STACK 
SCAf^-LlST 6641,6o44,73 74,7s/-», ou^^,o^^4f 

INTO   Uul   STACK 
SCAN-LiST   AUCCIOCI,    INTO   10J3   STACK 
2   GO   loou   VJGO   SCANS   ; 
PAGE 
RX-Ab   PKUFS   GO 
PAoE 
RX-Cu   PRuFS   GO 
FOR  JL4>4«3 
:   GO  iouz  A-SCAN   ; 
SCAN-LliT ^^15,5256,6640,7376, INTU xvO*.   ^IACJV 
PAGc 
RX-Ao PKUFS GO 
PAGt 
UX-CC PKUFS GO 
UlSCAKU  ouuCBY 



//HUNt   JOb    (224,P,6,4,4J ,625KHZ,WSGLcVcL=i.»GLA3S=C 
//   EXtC   Po«-HLlNE,CCNO=EVtN,ACCT=G 
//^TcPLib   00   DS^A^E=^CCRE.JGbS,OISP=inR 
//FTsioFoOi   UD   SYSCUT = A 
//UISK   JO   USN=f'CCPE.GHC4,01SP=0LD 
//REAUfcR UU * 
c LUAU 
fc-LlNt LUAU 
tOITS LuAL 
:UU i.<tou o^ll SCANS ; 

: RGAINS BRUAC-EAND RECIPROCAL-GAINS t 
FOK RAU^U 6000 STORE-FLUX GO 
FOR 3U343 7JC0 STCRE-FLUA GO 
FOR :>C^5 3*00 STCRE-FLLA GO 
FOR ->0*o6 XDZOC   STORE-FLUX GO 
FOR 3G3oO 1*400 SIORE-FLUX GO 
FuR tVfcRYThlNG 
AVtRAGc 
BKOAU-bANG VECTCR LCCK GO 
RGA1N:> bO 
F1NC AVAIL 160 - 
uiSCARU 
GUOObY 



//CYGAj   JOb   l234,P,6,13,4i,OiSK,HSGLcVc4. = ifCLA^S=F 
//   Extc   PGrt=HLINE,CCNC=EVfcN,ACCT=G 
y/STLPLib   JU   0SNAfE=^CCRE.JObStOlSP=iriK 
//DISK   Uu .u:>fSAME=MGORE.DiSK,uISP=OLO 
//fTuoFuul 00 SYSCUT=A 
//KtAUER OL * 
c LOAD 
H-LINt LUAO 
MAPS  LUAu 
iu  3J  K6S0LUTICN 
RtS 2( ? 
C 100Ju SCALE 
i  L  i  L1NE-FREC  1300  6500  IMAGt 
ARRAY <J   •  AMPL  PLANE  ARRAY #   12b*  ARRAY*  i 
JO 20 UNt-FREQ 
lUOwu ARKAY= 1300 85C0 IMAGE CYGA-U 
4MPL PLANt 
PHASE PLANt 
lul2d AKRAY= 
5 L CYGA-u 
7 L GYuA-U 
9 L CYuA-0 

01SCARO 
GOODbY 



//CYbAD JOb (234,P,6,13,4J,MAPS,MSGLcWc4- = i,ULA^=L 
//LINK tXtU PGM=I£V»L»PARM=,LcT,MAP,Li^r»,AucT=«- 
//SYSLIb Uu CSNAME=SYSl.FOKTLlB,OlSP=irtK 
// DO OiNA(nt = SYSl.GPSLMOu,01SP=SHR 
//SYSUTi uu UNIT=2314,SPACc=(UYL,(2,2ii 
//SY^PKINT   UO   SYSCUT=A,DCb=<KECrM=FbA,LKtUL=i.^At6LKSI2fc = 3509i 
//MODS   uJ  USNA^E=^OORE.MuUS,OISP=SHR 
//JCbS uU uSNAfE=^OORE.JUBS,OISP=SHR 
//SYSLMuU UO OSNAME=6£TEHP(MAiN),01SP=4ut*,pA^Si, 
•/ UN1T=0ISK,SPACE=(CYL,(J,2»1)) 
//SYSLIN Ou * 
INCLOUE JObSiFORTHF) 
ENTRY DtoiN 
INCLOOt   MuuS(INTER,CAIC) 
INCLOOc MUUS(EXPI,M0VE) 
iNCLOOt MUuSCPIGS) 

// EXtC PuM=*-LINK.SYSLMOO,Cu^U=EVfcN,Av.cT=o 
//STtPLlb uu 0SNA^E=MGCRt-JOBS,UlSP=^ttR 
y/UlSK Ou UaNAME=MOCRE.OiSK,OiSP=OLO 
//FTOoFuul UD SYSCUT^A 
//REAOER Uu * 
£ LOAO H-LINE LCAO INVERT LUAu UV 
luuuu ofcT btAM TRANSFORM luOOO 100 3*GfccZc PLuT 
16032 POT 
SECOIMO PLOT 
lOuUJ PUT 
UV 
lul2o otT 
IRANSfbnrt IUOOO 1000C SQOEtZE PLUT 
16Uc4 PuT StCCNO PLOT 
16U9O PUT 
UV 
102^0 otT TKANSFORM 10000 10U00 SQOtcZc PLuT 
1O12O POT SfcCCNO PLOT 
i6i6U POT 
01SCARO 
GOOCbY 



//CLEAN   JOB   C234,P,6,13,4)»CYGA-0,MSv*LcVtL = ifGLASS-F 
//      fcXtU     PbM^CLEANH 
//STEPLlb     UD     CSN=MCCRE.J08S,01SP=SrtK   . 

OSNAME=MUOKfc,01SKtOloP=i«K,VUL=PRiVArfc 
SYSCUT=A 
SYSCLT=B 

DO 
DO 
DO 
DO 

57  44*50   +4U   35   46*7   F 

//FTiUFuOi 
//FTUtoFuul 
//FTO/Fuoi 
//FIw5F00i 
CYGAURtF 19 
lo 52 2 7 *0 
250 O.Ulu F 
l600w i.ooJ2 19000 19332 

70    20  73-125    -7b.7 
CYGAuu^  i* 57 44.50 +40 33 46.7 
16 3^ 27 4u 
230 U.JiU F 
16000 loJo* 19C0C 19064 

3     1  78.125   -7o.7 
CYGAOOo  19 57 44.50 •►40 ^5 46.7 
16 :>^ 2/ *u 
230 u.ulO F 
160U0 loU9o 19000 19096 

o 1      73.125 -76.7 

uuuu3.u 5bO.UOGO£+01 
iD.u i.>.u 0.4 

uuuu^.J jdG.OGGuE+Ul 
i^.u i^.J 0.4 

UUUUD.J 3b0.G0G0£+0i 
i^.u A3.J 0.4 

379.90uut+Cl 

473.3GU0E+01 

49^.^0uut*Cl 



//CYt»AA JOB   (234,C,1,1, 1) ,0 iiK, Mii,Lc¥cL=l , GLASS^E 

//   EXtC   Puh=HLINE,CCNO=EVEN,ACCT=b 
//STtPLlb   uu   OSNAME=MCCRfc.JUbS,OlSP=^HK 
//FTuoFuOl   00   SYSaUT=A 
//OiSK   UU   UiNAME=MOORE.OiSK,OISP-UL0 
//RfcAutR   UU   * 
C   LUAU 
H-LIftc   LUAU 
HERE   • 
FIND AVAIL . 
MAPS LUAO 
50  3U  Rfc^uLUTION 
C iOOuu  SCALE 
7U00  AKKAy^ 
6  20  UNc-FREO 
1300  osJU  IMAGE  CYGA-A 
AMPL  PLANt 
PHASE  PLANt 
i      L  5  LlNE-FREQ  1300  d5u0  IMAoc 
ARRAY ai . AMPL PLANE ARRAY d 12b> AKRAY= , 
71Zb ARRAY= 
2o L LYuA-A 
2u L LYuA-A 
40 L CYbA-A 
30 L CYOA-A 
60 L LYGA-A 
IU L GYOA-A 
bU  L  LYbA-A 



//UYOAA JCB   (203,0,1,1,1),MAPi,rtooLcVtL=x,CLASS=L 
//LINK   tAtU   PG^lcwL.PARM^* LtT,riApfLi jT- ,AV.CT=L 

i/SYSLIo   OU   OSNAME=SYSl.FuRTLlb,OiiP=JriK 
//    00   OSwAiit=SYSl.GPSLMOu,Jl^P=irtR 
//SYoUli   uU   UNir=2314,SPACt=lCYL,l2,2)i 
//SY^PRi^T u0 SYSCUT=A,0ub=4KECFM=FbA,LKtuL=i^j.,bLKSI2E = ^3b9l 
//MLUO UU uSNAM€=f00PE.MuJ5,UlSP=SrtK 
//JUD^ UU UiNA«E=^0CRE.Jubi,0iSP=SHR 
//SYSL.'lUU   OU   OS>lAM&=£aTEMPiMMl^> ,OISP=4,4t^,pAoi) , 
//   u»viT = UASK,SPACE=<CYL,4-»,^, ii J 
//SYoLliv   uu   * 

l»<CL00t   JUoS(FCRTHF) 
tNTisY   btulN 
INCLOOt   rtUuS(INrtR,OAIC) 
iNCLuut   ^^uS(fcXPI,MCvE) 
iNCLUut   rtuUSiPIGS) 

//   tXcU   ^oK-*.LINK.SYSLMUu,UuNO=tVfcN,AbuT = v» 
//STcPLib   uu   OSN^Mfc = HCCRt.Jut>StuiiP=ortK 
i/Ui^K   uu   uoNAPE=PCURE.GriLl,UISP=uLO 
//FTubFuui   00   SYSOUT^A 
//KtAUEK    0U    * 
E   LUAU     H-LiNE   LOAD 
INVEKT LuAu 
UV 
JOUJ  bt I 

BEAM 
li\Ai^Fui\rt      xOJOO     IOC      SwUttz.t 
PLOT 

^o^^    Pul 
StGUNO      PLOT 
5uJu      PJl 
UV 
<l2fc>     u£T 
iHAi^^ru^M      lOCOC     10CC0     ^wOctZE 
FLUT 
90c4      PuT 
StUb^U      PLuT 
9J^o      PUT 
UV 
723u     btT 
TKAi\5^UK.-^      LOOOQ      1GC00      SvJOttZt 
PLuT 
Si.-b     PuT 
StbL»\U       PLUi 
9loo     PuT 
UV 
l^o*     btT 
TRANoi-uKM      lOOOC      10C00     SQUEEZE 
FLuT 
^1^2      PuT 
StCC.vJ      PLbT 
9z24     PuT 
UV 
/:>!*:     ocJ 
TRAN^FuKil      100C0      100QO     S^OEfcZE 
fLUT 
S23o      PUT 
Stbuuu      PLUT 
S^oo      Pul 
UV 



36*0  GtT 
TRANSFUKM  ICOOC  1CCCC  SguttZE 
FLuT 
il^O      PuT 
^tCOiW  PLUT 
93^2  PuT 
UV 
77oo  btT 
iKANSFUkh  iOOCC  10COO  SgOtfcZE 
PLuT 
S3o4  PUT 
StCUNO  PLUT 
94lo  PUT 
LV 
7o^o  utT 
TRANSFUKM  10000  10000  SQUEEZE 
PLUT 
S *4 o  PuT 
SECUIMU     PLUT 
94bO     PuT 
OISCAKU uuuuBY 



//GRAOtU JCB   (202,0, 1,1,1),MAPS,M5bLtVtL = i.,CLASS=L 
//LINK   tAtb   PGP = IEfcL,PARrt=«LtT,MAP,LiiT« tAbUT = i- 
//SYSLla   Ou   DSNAME=SYSl.FUKTLib,uISP=SrtR 
//    DO   uSt4AMt=SYSl.GPSLM00,Ji^P = SHR 
//SYSUli   uu   UNIT = 2314,SPACt = (CYL,(2,<:)) 
//SY^PKiNI   uD   SYSCUT = A,0Cb=(KtLFM=FaA,LKLUL=4.^i»BLKSl2t=^5O9) 
//M0u5   uu   u5NAME=MOORt.MuOS,UlSP=ShK 
//oUb^   uu   u^NAME=yG0Rc.Jub5,JI^P=SHK 
//SY^Lrtuu UO OSNA^E=&&TEcnP(MAl^) ,UlSP=i«\tw»PA3i) i 
// UNlT=uiSK,SPACE=(CYL,(3,2,l)) 
//SY^LiN 00 * 
iNGLuut JudS(FCRTHF) 
ENTRY btbiN 
INCLuut »4uuS(INTER,CAI0) 
INLLuUt I-IUJS(EAPI,MGVE) 
INCLUUC MuuS(PIGS) 

// EXtC Poh=*.LINK.SY$LMuu,CuNO=tVfcN»AOOT=b 
y/STtPLio uu OSNA»vE=KCCRt.JuiiS,uiSP=^riR 
//Ol^K uu uSNAME=yCCRE.0i5K,UlSP=bL0 
Z/fTuui-uuX UD SYSCUT=A 
//RtAutK uu * 
t LUAO  H-LiNE LOAD 
INVtRT LuAu 
130 i^u KtSuLUTICN 
UV 4uuu otl 
ELAM TKANSFURM 1000 100 SUUEtZt 
MAP 
iuOu PuT 
SfcCUNU MAP 
/032 PUT 
LV 4u0u Ghl 
EfcAM   UJ uisAOb 
iKANiFbKM  iOCO 100 SCUEEZt 
MAP 
4064 Pbl 
SECLJW MAP 
iU9b PUl 
UV 4uuu btT 
EtAf  9u UKAOE 
TKAN^FuRM  iOOO 100 SCUbtZc 
MAP 
Tl^ti Pbl 
SECUuu HAP 
llou Pbl 
UIOCAKU ubbudY 



CD 
//POLN     JOB   (202,D,l,l,l),3C244f.4SGLtVcL=itCLAj3«F 
//   fcXtb   PGH=HLINt,CCNO=EVEN,ACCT-b 
//STtPLlb   00   DSNAME=PCCRE.JUbS,01SP=SnK 
//OISK   uu   uSNAME=fOORE.GHC2,OiSP=SHRf VUL=PiiiVATc 
//PTuoFOOl   UD   SYSCUT=A 
//fT03Fuul   OD   UMT=TAPE,V0L=SER-954,uiNAttt-tOFrt54tOlSP=UL0> 

//KtAutR   uO   * 
c   LGAO 
H-LINt   LUAU 
TAPES   LUAO 
ERASt-SOUKCt 160   DEFINE   AVAIL        O  UtFiNt   tVtKYTHlNb 
AlU   bAluS   OUOO   INCLUCE   3C244.1 
All   GAINS   uuOO   INCLUCE   3C27 
FLUSH 
53U 3U0U0 UUAL-FREQ 
FIND AVAIL 
f.APS LuAu 
X-bANO 
RL 
VECTOR LJUK  550 600 SCANS 
MAPS LUAO 
30 3u KtSGLUTICN 
S-BANU 
RR 
lluUU  AKKAY= 
55U tVioj   IMAGE 3C244.1 
O ibU iUALb 
AMPL PLANt 
PHASt PtAut 
RL 
1112o  AKKAY= 
350 ^9lo-» IMAGE 3C244.1 
O 10 SCALE 
AMPL PLANt 
PHASt PLANt 
LL 
117oo  ARRAY- 
550 4*loJ   IMAGE 3C244.1 
0  iuu  SCALE 
AMPL  PLANt 
PnASt PLANE 
X-bANO 
RR  StiuKT 
112^o  ARRAY= 
55u ^9io^ IMAGE 3C244.1 
0 100 SGALt 
AMPL PLANE 
PHASt PLANt 
RL  SHORT 
113o4  ARRAYS 
550 2^io3 IMAGE 3C244.1 
O 10 SbALE 
AMPL PLANt 
PHAat PLANE 
X-BANU 
10  10  RESULUTICN 
RR 
1151^  ARRAY= 
550 4:9i.Oj IMAGE- 3C244.1 



CD 

Q      10  SCALE 
AMPL  PLANc 
PHASt  PLANt 
RL 
llo4J  AKRAY= 
5J>U Z9io3 IMAGE 3C244.1 
U  10  SGALt 
AMPL  PLANt 
PHASt  PLANt 
F1N0 AVAIL • 
FLUSH GUuubY 



//FOLNMAPS    JOB (203,0,1,1,1) , 3C244,rt^«L*.VtL=l , CLASS=L 
//LINK EXtC PGM=ItWL,PARM=,LtT,MAP,Li^Tl,AbGT=L 
//SYSLlb   Uu   DSNAME=SYSi.FbRTLlB,UlSP=irtR 
//   00  0SNArtt=SYSl.GPSLM0u,OlSP=SHR 
//SYiUTi   GO   UNIT=23l4,SPACt=(CYL,(2,^i) 
//SYSPR1NT   00   SYSCUT=A,DCB=(RECFM=FbA,LRtCL=l4iif BLKS 12E=3509i 
//MUU5   Uu   u^NAHE=^OORe.MuOS,OlSP=SHR 
//JOBS 00 uSNAME=MaCRE.JubS,OlSP=SHR 
//SYSLMUO LU 0SNAM£=£&TEMP(MAiN),0iSP=lNcrt,PA3^J, 
// bNlT=0iSK,SPACE=(CYL,(j>t2,l)) 
//SYSLIN Ou * 
INCLUUt JJDS(FORTHF) 
ENTRY btGlN 
INCLUUt MUuS(INTER,CAIO) 
INCLuDt MbUS(EXPl,MOVE) 
INCLUUt MUOS(PIGS) 

// EXtC PbM=*.LINK.SYSLMUO,CONO=fcVtN,AbuT=o 
//FTuoFuul uD SYSCUT=A 
//OiSK 00 USNAM£=NOGRt.Gnb2fOiSP=SHR 
//REAOtR UO * 
t LUAU 
H-Li«^t LUAO 
INVERT LUAu 
UV 
11000  GtT 
BEAM 
TKANSFURM  lOO  100  SCUEEZE 
PLOT 
120uu  PUT 
SELLNO PLOT 
12UJZ  PUI 
uv 
lll^o  GtT 
TKAN^hukM  10   10   SCUEEZE 
PLOT 
l<:Gt4 POT 
StCLNO PLOT 
12U90 PUT 
UV 
11236 btT 
BEAM 
TRAN6FURM 
PLbT 
l^i2b PUT 
SELLNU PLUT 
12160 PUT 
UV 
113fa4 GtT 
TRANSFuRM 
FLUT 
12192 PUT 
SECCNO PLuT 
12224 PUT 
uv 
11312 GET 
BEAM 
TRAi\SFUKM 
PLOT 
1^23o PUT 

100  100  SCUEEZE 

i.0   10   SCUttZE 

100  100  SQUEEZE 



122bo  PUT 
UV 
11640  GET 
TRANSFURM  1  1 SQUEEZE 
PLOT 
12320  PUT 
StCLuU PLOT 
12352  PUT 
UV 
117ob  GET 
BEAM 
TRANSFuRM  100 100 scu 
PLOT 
123a4  POT 
SECUNO PLuT 
1^4lo  POT 



APPENDIX 7 

Utility and Other Programs 



//bHG3   JUb   (203,P,l,1,14),uUMP,MSbLEVtL-ifbLASS=0 
//   EXtb   Pi,M=OUMP 
//STtPLiu   uu   0ISP=SHR,CSNAMt=M0uRt.JuoS 
//FTuoFuUi   UO   SYSCUT = A,DGb=(RtCFM = FBA,LKtuL=i-»j, BLKS IZt = 343bi 
//FTOxFjul   uD   DISP=SFR,0SNAMfc=MUORt.ui^N 
//FTuZFJul   uD   UMT=TAPE,OGb = 4RtCFM=l-o,LKtUL=iu2*,BLKSIZE= 10240) • 
// Uli>P=NtH ,0SNAME = GhCl,VUL0Mt = StR=^^uo,LAOtL=3 
//FTo5FuOi   uD   * 
9-TRAGK   UOMP 

lOOOu   ^^379 



//HLINE6  JUR (173«C,6,7,14),wRITE,MSGLEVEL=l,CLASS=B 
//ST0RE7  EXEC  PGMSTCRE7 
//STEPLIB  00  nSN=f'CGRF.J0bS,0ISP=SHP 
//FT04F0J1 OH DSN=6ACK-UP,DI$P=M0D,UNIT=TAPE, 
// VOL=(,RETAIN,SEP=?491), 
//    OLb=(RECFM=vSe,LRECL=2C52,BLKSI7E=4108) 
//FT06F0G1  00  SYSPUT^A 
//OOPllb  00  !JNlT=TAPE7,DSN=INTERF.CDP116,rCB=(,0EN=1),OISP=OLO, 
// LAbEL=(2,BLP>tVCL=SER=05C0 
//INDEX  EXEC  PGVsTAPEINOX 
//SYSPRINT  01  SYSHUTsA 
//TAPE  00  U^IT=TAPE.OISP=(ULD,KEEPI♦LABELS,RLP)t 
//    VUL=StR=24Tl 

HASP-H JOB STATISTICS — 13 CARDS READ — 7B LINES PRIM! 

cOF 
40. HORS=   134 
NU. UATA=   897 
>I0. A/0=     0 
NU. MSG=     •) 

NO. 100 WORO CAT A RECORPS^ 
MO. IJ24 wORO CATA QECOWOS^ 

0 
897 

VOL 12491  0 

HDR1BACK-UP 2491  0G010001 

^0R2V04108o2 052 3 3HLINE6  /ST0RE7 

NRAO 

7127C 000030033000 

297l> BLCCKS 

E0F1BACK-UP 2491  00010001 

EOF2V04103G2^e52 30HLlNE6  /STORE 7 

72013 0000)0002875 



//LIST It,      JOB    Cl73,(.,6,7,14)twRtT£,MSGLEVf=L = ] ,CLASS=B 
//      EXEC      PG^L!ST7 
//STEPLirt      GO      nSN=MrrPF.JOBS,OISP=SHR 
//FT06FC01      00      SYSrUT=A 
//O0P116      00      liNTT=TAPF7,0SN=INTf.RF.CCP116,rCB = ( ,06^=1) .3IS^=0L0, 
//   LAbEL=(2,P.LP) ,VCL = SEP = 05vu 



//   EXEC  Pr,M=LIST9 
//STEPLIB  00  CSN=MCOPE.J0BS,0ISP=SHR 
//FTC3Fu01  HO  OS^=BACK-UP,OISP=OLO,UMT=TAPE. 
//    VUL=StP=?482 
//FT06F;C1  00  SYSCLT=A 
//*  KEAOS SCAN QANGe (15,IX,15) 
//FTC3F001  00  * 
2735 2B25 



//PMAP  JOo  (203,P,6,6,4),MELVYN,MSGLfcVtL=ifCLASS=C 
// EXtC FURTGCLG 
//FCRT.SlT^lM 00 * 
C 
c 
c 
C 
C 
c 
c 
C 
c 
c 

THE FRCGRA* 

PROGRAM TO CALCULATE APPROPRIATE NUMbtRS FROM THE PUNCHED OUTPUT uF THE 
GLEAN PROGRAM., CR FROM DISK 

EXPECTS ALL FUuR MAPS Tu BE ENTERED: 
INTENSITY 
POLARIZATION 
INTENSITY 
POLARIZATION 

1 
2 
3 
4 

S 
S 
X 
X 

BAND 
BANC 
BANC 
BAND 

CC 

CC 
C 

i 

C 
CCC 
C 

POINTS talTH S £ X BAND INTENSITIES > D±  ARE FLAGGED BY ** ON THE OUTPUT 

lNTEGtR*2 IFLGT(56i 
RtML*8 SNAME,RA,DtC 
COMPLEX SPCL,XFCL 
OIMENSICN TN0RP(4) 
lNTEbtR*2 SiXI(56,56,21/6272*0/,^PAPiZt5of36t2)/12544*0/ 
lNTtbtR*2 BL0CK(5L2),RGhSU<td,4) 
LOGICAL STAR,PLCT,PFLAb,PONfOI^K,uiRTY,nRlTt,PHASE 
DATA P1/3.141593/,C0Nl,C0N2,C0N^/.UiU/31U,l.096012,.0013090/ 
EUOiVALENCE (BLGCKil),RGwS(ltlJi 

DEFINE FILE 10 (23360,256,U,10) 

PRINT 1 
FORMAT(• 

*T40,'i BAND 
*T40,,X BAND 

TFE ORDER OF THE 
INTENSiTY«//T4u,,S 
INTENS1TY,//T40,*X 

MAPS   SHUULU   BE:', 
bAi«u   PULARIZATIUN'// 
OA.^U   PULARIZATIUN1// 

iNTtN^lTlES   >   1PCENT«,//) 

1000 
1100 

c 
cccc 

jcto"**"    INDICATES   BOTH   S   &   X OANU 

RtAO  CCNTROL   CAPO 

RtAO(3,10CO,END=900)   NMAPS, I PCtNT,Ui;>K,DARTYt ^RiTE,PLOT 
PRINT   1100 
PRINT   lCOO,NMAFS,lPCENT,01SK,ulKTY,ttiUTt,PLGT 
IPCtNT*IFCENT*100 

JPCENT=1C*1C0 
hURMAT(lX,ll,lX,I2,5(lX,Ll)) 
FURMAT(•1NWAPS,IPGENT,01SK,01KTY,WRITE,PLOT1,/) 

READ "CLEAN1 CARDS 
OU ^U 1=1,NMAPS 
RtAu(3,2000) SNAHE,RA,OEG,PFLAbtAYlNT,bNURM,TMAX,MLO,MHI,NLU,Nrtl 

+ ,bMAL,BMIN,PA,NIT,PERU,PON,1BtAM,MAP•NObtAM,NOMAP 
PRINT 130C 

1300  FORMAT(1H ) 
MRITt 4 6,2000) SNAMt,RA,OtC,PFLAb,A)riNT,bNJRM,TMAX,MLO,MHl,NLU,NHl 

+ ,bMAL,BMIN,PA,NIT,PtRC,PUN,IBtAM,MAP,NuutAM,NUMAP 
2000 FORMAT(IX ,Aa,R12.2,312.1,IX,Li,iA,F/.I,iA,2E15.4,/, 

+  ^4iA,I2),20X,3(lX,F7.1),/,14,iA,F3.^tiX,Ll,/,4Io,/) 
GC 

CCC 
C 

iF(NMAPS.EC.4.AND.MU0(1,2) 
TNURM(I)=TWAX/BNORM 

READ DISK 

LUC=NuMAP+8 
IFiOiRTY) LCC=MAP+b 

Ey. ANU. .NOT.PFLAG) GU TO 6u0 



L=l 
K«l 
IFd   .GT.   2)   K=2 

CCC LOOP     CN      ELCCKS 
5 00   9   J=l,14 

RtAOiiO'LCC-fJ)    BLOCK 
00   9  Jl=l,4 
N*4*4J-1)*J1 
iF(PFLAG)   GC   TC   7 
OU   6  M=l,56 
lPLbT4M)-POWS(M+32,Ji>/100 

O SlXi(M,N,K)=RCWS(M+32,Jl) 
GU TO 9 

CCC     POLARIZED  MAP 
7 UU b M=l,60 
6 SPXP(L,M,N,K)=R0US4M+32,J1) 
9 CONTINUE 

1F4.NGT. PFLAG) GO TO 10 
IFiL .EQ. 2) GC TO 10 
LGC=LUC*32 
L=2 
GU Tu 5 

10 CONTINUE 
CCC      PLuT  CUT  MAPS 

IF 4.NUT. FLCT) GC TU 20 
PRINT 400C 

40Cu FURMAT(40X, •AMPLITUDE   NCRMALIZEU    TO    TMAX/IOO •) 
PRINT   140C,   I,(P,M=1,56) 
UU   1Z   NC^NLCNHI 

N=NL0+NHI-N0 
OU   li   M=l,56 
1F4.NGT.   PFLAG)    IPLOT (M) = SiXl 4M,N, Ki/i.uO 
1F4PFLAG)      IPLCT(M) = CA8S4CMPLX4 4^PXP4X,M9N, 

♦KJ+O.),(SPXP(2t^,N,Kl+0.)))/10w. 
11 CONTINUE 
12 PRINT 14CC, N,IPLOT 

CCC    PLUT  POSITION  ANGLE  POLARlZtU  MAP 
IFI.NbT. PFLAG) GO TO 20 
PRINT 5CCC 

500u FORMAT(40X,« PCSIT10N  ANGLE (U,iouJ IN TtNS OF DEGREES*) 
Ou 13 NC=NLC,NHl 
N=NLU+NHI-NC 
OU 14 M=l,56 

TtMP=S./3.14159*ATAN2(4SPXP4 2,M,N,Ki+u.i,4SPXP41,M,N,K)+u.01i) 
lF4TtMP .LT. -C.5) TtMP=TEMP+io. 
IPLGT4M)=TE^P+C.5 

14 CONTINUE 
l-> PRINT 14CC, N, IPLOT 
2u CONTINUE 

140U  FORMAT{IX,12,IX,5612) 
IF (NMAPS .NE. 2) GO TO 140 

G 
COMPARISON UF TWO MAPS ONLY SET XBANu tttUAL Tu SBANO 

TNURM(3)=TN0RM(1) 
TNURM(4)=TN0RM(2) 

140   CGNTiNUE 
GC     NttO CHANGE  FOR  HORIZONTAL  CLtAN 
CC   LOOP 

PRINT 3001 



DO 160 JJ=NLC,NH1 
UO 130 II=HLO,MhI 
J=JJ 
l*il+4J-33)*PA 
IFii.LT.l) 1=1 
lF(i.GT.64) 1=64 
IF (NMAPS .NE. 2) GO TO 141 
SlX14I,J,2)=SlXI(i,J,l) 
SPXP41,I»Jt2)=SPXP(l,I,J,l) 
SPxP42,l,J,2)=SPXP42,ltJ,l) 

141   C0NT1N0E 
iFtSlXI(I,J,l).LE.JPCENT) GO TU i^O 
lF4SiXI(I,Jt2).LE.JPCtNT) GU TU i.^0 
STAR=.TRUE. 
IF4SIXI( I,J,l).LT.lPCENT)STAR=.FALst. 
lF4SiXI(I,J,2).LT.IPCENT)STAR=.FALSt. 
TEMP1=SPXP(1,I,J,1) 
TEMP2=SPXP(2,I,J,11+0.01 
SPHS=ATAN2(TEf'P2,TEMPI) 

IF4SPHS.LT.0.)   SPHS=SPHS+2.*P1 
SPUL=CMPLX(TEMP1,TEMP2)*TN0RM4 2) 
TtMPl=SPXP(l,I»J,2) 
TEMPz = SPXP(2,I,J,2)«-0.Gl 
XPHS=ATAN2(TEPP2,TtMPi) 

1F(XPHS.LT.C.)      XPHS=XPHS+2.*Pi 
XPuL=CNPLX(TEPPl,TEMP2)*TNGRM4 4) 
SINT=SIXI(i,J,l)*TNURM4i) 
XINT=SIXI(I,J,2)*TNURM43) 
ALPHA=XINT/SINT 
ALPHA=ALCG(ABS(ALPHA))/C0N2 
SPERC=CABS(SPCL)/SINT 
XPtRL=CABS(XPCL)/XlNT 
RP0LN=CAaS(XPCL)/CAbS4SP0L) 
DPOL=SPERC/XPEPC 
SPA=37.3*SPHS/2 
XPA=37.3*XPHS/2 

RPA=SPA-XPA 
KPAi=RPA+iaO. 
KPAz=RPA-180. 
RM=RPA/57.3/CCM 
KMl=RPAl/57.3/CCNl 
RM2=RPA2/57.3/CCNl 
PiNT=XPA+5 7.3*PPA*CuN3 
PiNTl=XPA+57.3*FPAl*CUN3 
P1NT2=XPA*57.3*PPA2*C0N3 

PRINT   3000,J,I,ALPHA,SPERC,XPERb,KPuLN,uPuL,SPA,XPA,RPA,RPAi,RPA2, 
* RM,RM,RM2,PlNT,PINTi,PiNT2 

IF4STAR)   PRINT   3003 
130 CuNTINUE 

PRINT 3002 
160    CGNTiNUE 
3000   FuRMAT(lX,2I4,F£.2,4F9.3,4F7.u,lA,7F/.ui 
iUOl        FURMAT(«-     J I ALPHA :>PtKC APtRC RPOLN OPUL 

♦SPA XPA RPA      RPA+lbO   RPA-iou        KM     KM+lbO   RM-ibO1, 
*•      PINT        PINT+     PINT-1/) 

.3002        FORMAT (IX) 
i003        FURMAT(«+**«) 

bU   Tu   2 
C 

600        PRINT    1600 



1600        F0RMAT(///,«   MAPS   OUT   OF   OROERS///i 
RETURN 

900        STOP 
END 

//G0.FT03Fu0l     CO     * 
2   20   T   F   F   T 
3C6.1 OU   13   34.30   +79  00   11.0   F  bOUul.3 
27   39 20  50 ->-u 
25C   U.Olb  F 
2u^bt}   20256   20788   2C756 

j>b2.6U00E+01 
►O -0.5 

711.OOOUt+00 

3Co.l uu   13  34.30  +79  00  11.0  T  Ouuui.3 
27   39  zu  50 J.U 
25G   0.010   F 
202db   2U^u   2C786  2C820 

362.60GGE+02 
J -0.5 

366.UUOUE+0C 

4   20   T  F   F   T 
3C6.1 00   13  34.30  +79  00  11.0  F  uOOuo.O 
29  37  2o 39 lu.u 
150  U.OlO  F 
2U032  20G0U   20532  20500 

10 
3dl.7000E+01 
.0 -0.5 

3ol.20uOE+01 

3C6.1 00   13   34.30  479  00   11.0   T  uuUu3.U 
29   3/   26   39 1U.U 10. 
15u  u.ulO   F 
20032   20C64   20532   20564 

^bl.70OOE't-O2 
U -0.3 

765.0OUUE+00 

3Co.i 00   13   34.30  +79  UO   11.0   F  UUuu3.0 
29   37   ^6  39 lu.u 10. 
150  0.010   F 
201ou  20126   20660  20628 

1*6.40OOE+Ql 
U -0.5 

392.0000E+G0 

3C6.1 Ou   13   34.30  +79   00   11.0   T  UOOUJ.U 
29   3/   26  39 lu.u 10 
230   u.UlU   F 
20iou   ZU192   2C660   20692 

i4b.40G0fc+02 
U -0.3 

ld.3000£+01 

//FTluFOOl      DC     DSNA^E=M00RE.GHC2,DidP=^liK,VUL=PRlVATE 



11 r rcu t uuu        * C.KJ~> , r , v#, « , -t « , nrviu>n • , r* «>^«_& ¥ t4_ — A., UUMOO — 4. 

//   EXtu   FUKTGCLG,ERRCR=E 

//FGnT.SYSiN   DC   * 
KtAL*8   SNAME,RA,DtC 
GUM^LEX   FCL(64,64),TPuL4ot,64i 

LUGIGAL   FLN,PFLAG 
lNTtbLR*2   ARRAY(51^,^2),IB(12b,i*.o) 
RtAL*4   INT(64,64),PiNr(64,o4),bU^Ti4<.U),rMP(64,o4) 
lNrtuER*2     ZEPC/Q/ 

LOoibAL   DISK 
LUblGAL   FUNfPFLAG 

LuoibAL   tFLAG 
CUMMbN   RA,GEC,XH,XL,YH,YL,XY1NT,URA,uutb,ANGRuT 

tyuiVALENCt   (ARRAY4x,i),Ib(1,1) ) 
tUUiwALENCE   ( TPCL(l,i),TaP41,l) tAiiKAY41tl) ) 
UtFiNt   FILE   10    (233bu,25a,0,10) 
Ci=AaO./2.14159 

C KcAO   TFE   CCNTFCL  CA^u.      i=PuLuT   uF   THt   i.-iTLNSlTY   ONLY.      Z=pLUT   ur   THE 
C PbLAKi^tD   INTENSIFY.      J=PULuT   LF   TUIAL   iNlciSITY,   PGLARIZcJ    INTCN^IIY   AND 
C        A   PuLAKlZED   LINE   PLOT.      4=PULARUCU   LiNt   PL^T   UN   TOTAL   iNrtN3iTY. 
4. 3=CALTtb   LINE   MAPS 
b 

lu   RtA0(^,lCC0,END = 90u)    I TYPE,ANoRuT,ui^K 
PKiNT   1CQ1,    ITYPE,ANuRUT,UiSK 

1O0U      FuKMATUltFlO.ltlXfLl) 
iuOi     FURMAT(IX,II,F10.1,lx,Ll) 

Gu   Tu    (lC0,2CC,10u,iuu,3u),ITl^t 
30   RtAO 4 :>,35)    SNAME ,NGH, UVMAA,XY l^T , i AptR, Sw4LE ,rtLU, ^Hi ,NLU, NH1 
33   i-UKMAi (2X,Ao, lX,I2,iA,Fo.i,34lA,F'*.i) ,*41A,13) i 

v.        RtAu   Trtt   CATA 
TrtP4i,l)=0.0 
CALL   4nOVE    ( (MPd,!) ,TMP(2,1) ,lo:>ou) 
RtAO43,21 )    ((TMPC J,Ii ,i = MLU,MHii,j = NLU,Nrtl) 
Ou   ->*.   N=l,64 
i=N 
OU   3^   K=l,64 
J=u3-K 

32   INT4J,I)=TMP(N,K) 

3i   FuRMAl(26F3.0) 
rtRifiL46,34) SNAME 

3H ^bRMAT (1H1,A4) 
Mhi=o** 
Nhi=o4 

C   RtAu THt CCNTCURS 
RtAu 4-», 103 J) NCltCCUNTKl ) ,l = i,^ull 
wRiit (6,2010) (CONTl(i),I=l,.Mwl) 
RtAu 45,1080) C^A,UUtG 
*RiTt (6,2060) CKA,UULU 

C   GALL THc FLGTIING PQuTlNE 
CALL uNTPLT ( .TRUE. ,ahl ,NHl , SNArtt »Nbi. ,bu»>4J 1 , INT ,P INT ) 
«RlTt (12,40111 
rtRITt (12,4012) 
bb lo 10 

G   RtAu Tht INTENSITY CATA 
lOu IFiJioK) GO TO 101 

C   RtAUl-Nb CARCS 
RtAu(5,lClJ) SNAMt,RA,OtC,PFLAu,AYiNT,bNuRM,XH,XL,YH,YL,MLU,Mrtif 

iNLU.Nrtl,T^AXtXCHI,AbLU,Ybhl,YGLU 
lUxO  f UKHAT (Ad,Ki2.2,Si<:. i, iX,Li, i-»A»ru. x ,OA,C L<L»<*t / $ 

♦  <♦?/. 1,415,E12.^,/ ,*tF /. 11 



G   RtAO Tht CATA 
TMAA=0. 
REAb45,ia20) ((TMP4J,I ) , I = MLU,MHi ) , J».*LUtNHl J 

UU 4uU N=NLC,NFI 
1=N 
UU HUJ K=f*LC,MHl 
J=K 

4CU iNT(J,I)=TMP(N,K) 
102U  FbRMAT(26F3.0) 

bu TU 102 
C      RtAu  OISK 

lUi uUNTiNUE 
Re AU 4 3,1030) SNAME,RA,uEC,PFLAu,AYii*I,bNUKM,TMAX»MLU,MHl,NLG,Nrti 

♦ •ortAL,3Mlr>i,PA,NIT, PtKb ,P0N , ibcAM,rtAp,NObt AM,NUMAP 
MKlTt(6,432) 

43Z FURMAT(lHl) 
*KlTt(6,lJ30)    SNAMt,KA,OEC,PFLAb,AYlNTfouuRM,TMAX,MLU,MHl,NLU,NHi 

+   ,bMAL,aMI^,PA,NIT, PtRC,PUN,ibcAM,MApfNUt>tAM,NUMAP 
103J   FURMAI(iX,Ad,R12.2,oi2.1,lX,Ll,iA,F7.i,LX,2tl3.4,/, 

♦ 4 ( IX, 12) ,20X,3( lX,l-7.i.),/,i'<»»i.A,r3.->,xA,i.i,/,tio,/) 
MLU=1 
NLU=1 
MHi=uH 
Ntti=u'* 
XH=3ii*XYINT 
XL=-AH 
YH=AH 

YL=AL 
XChI=4MHl-33)*XYINT 
AGLu=4MLC-32)*XYlNr 
YGHl=iNHI-33)*XYlNT 
YCLU=1NLC-33)*XY1NT 
iMAP=NUMAF+l 
RtAuIiO'IMAP)    4RRAY 
Ou   4.u->   N=l,b4 
Ou   lu^   N=l,c4 

1G;>   iNT4ii,N) = I3(M + 32,N+^2) 
102   CUNUNUE 

C        RtNUrtMALlZE   DATA    TG   luU 
TNi=TMAX/i3N0RM 
Uu   130   J^NLCNHI 
UU   iiO   l=.VLO,l*Hl 

liJ      lF4fMAX.LT.ABS( INT4J,1) ) )   TMAA= i.U 4 J , 1 J 
13J     Lu.WlNUE 

TMAA=TMAX/10C. 
OU   i^O   J^LCNHl 
Ou   1^0   l=MLOfVHI 

140      IN 14 J, I)=INT( J,n/TMAA 
TNi.-lNl*TMAX 

UVGtLL=O.G 
TAPtk=0.0 

G wRiTt   THE    INPUT   CATA 
wRi It (6,2 GOO)    SNAMt,RA,UtG,A(Mw»KuT , AY *NT , T Nl, XH,XL , YH, YL 

<:Ubu l-CRMAT(//,20X,'TuTAL   iNTt^^ilY   UAlA   i-UK   • ,Ab,// ,5A, 
+      •RA1 ,R13.2,5X, •Otb1 ,313.1, UA^iiAP   RuTAT CU* ,F /. i ,// , 
+      luA,' INCREMENT » ,F 7.1, •      NURIIALA^AI IUN* ,FO.**, 

+ • BCL^CRIES1t^F/.ii 
lF(irYPE.EC.4)   GO   Tu   2uu 

C        RtAu   Tht   CCNTGURS 
RtAU4 5,lG3i)    NCl,4GuNTl(il,i=i,Noii 



1U31  FURMAT(I2,1X,20F3.0) 
wKi It (6,2010) (CCNTUIl,i=l,Nwil 

^Ulu  FuHMAT(lh-,10X,'CuNTUUR LtVELo • ,/ iiA,<_ui-:> .01 
RtAu45,10dC) CBA,u0tC 

luou  FOKMAT(F3.u»lX,F3.0) 
MKiTt(6,2C&0) CRA,UutG 

20bJ  rORMATdH ,«GRID INCRtMtNT • ,F3. u tiX,F^.u) 
C   OALL THL PLOTTING POUTINE 

GALL CNTPLT(.TRUE. ,Mhi,NHI,SNArtt,Nui,GuuTi,1NT,PINT) 
*fUTt(12,4Jll) 
rtRlTt(12,4012) 

4Ull     f-uRMATf •BRGR" ) 
4Ui2      FURMAT(,EtMO   •) 

iF4iIYPt.EC.l) GO TU 10 
lF4iTYPE.Eu.3) GO Tu 20u 

C    Now wuRK CN THE FGLAR1ZE0 DATA 
2UU  lF4uiSK) GC TC 201 

CCG      READ  CARDS 
RtA0 4 5,lClJ) SNAMt,KAf0EC,PFLAU,AY1NT,ONURM,XH,XL,YH,YL,MLU,MH1, 

XNLU,IMHI ,THAX,XChI ,AGLU, YGril ,YGLU 
TAPtR=O.C 
UVGtLL=0.0 
TN^=TMAX/i3N0RM 

C RtAu Tht CATA 
KtAu4 5,104J) (4TPCL4J,I),i=MLU,Mrii),J=NLu,NH11 

1040  r-URMAT426F2.0) 
UU 3Uu N=NLC,NHI 
i=N 
UO 5UU K=MLC,^H1 
J = K 

50u PbL4J,I)=TPCL(N,K) 
bu Tu 20 9 

201 CONTINUE 
CCG KtAu      DISK 

KtA04^,3U3J)   SNAME,KA,OEC,PFLAU,AY INT ,.uuu*\M, TMAX, MLU ,Mrii , NLU,i^rti 
+    ,DMAL , BMIN, PA ,MT, PcRb,PUN,IbcArt,MAP,ubDCAM,NUMAP 

«RI Tt (6 ,3030)    SNAMt ,RM ,UtG ,PFLAU,AY 4NT , oi>.ui\/i» TMAX ,MLu,Mra ♦NLUj.ihi 
+    ,OMAL , BMIN, PA, NIT, HttNb,PUN, i bcMi'i,rtAp ,NUUC AM, WUMAP 

303u   FURMAI (lX,Ad,R12.2,Si^.l,iA,Li,LA,t-/.A,XA,^tlP.it,/, 
+   4( AA ,12) ,20Xff 3( lXfF7.i.),/ti4t*Ati-3.-*fi.AfLj.t/f<»lot/) 

MLU=1 
NLu=l 
MHi=ut 
NhA=uit 

CCC        RtAU      ANC      STCFE     REAL      MAP 
iMAp=NUMAP+l 
RtAUt lO1 WW)    ARRAY 
OU   *u2   J=l,64 
UU   *:u2    1 = 1,64 

202 PbL4 i, J)=^PLX(0.,u. ) 
OU   ^U3   J=l,64 
UU <.u3 1 = 1,64 
Rt=lb( 1 + 32,J + 32) 

^G3  PuL4i,J)=PCL( I,J)+bMPLX(Kt,0-.) 
CCG    RtAu  IMAGINARY  MAP 

iMAP^IMAP+32 
KEAullO*IMAP) ARRAY 
UU <:u4 J=:i,64 
UU ^u4 1=1,o4 
AiM=iB(1+32,J+22) 



204  PUL4i,J)=PCL(I,J)+CMPLX40.,AIM) 
209  buNTiNUE 

TMAA=0. 
GCC    RtNUKMALIZE  FCLN DATA  TO  luU 

OU ^-»0 J=NL0,NHI 
UO 2i0 I=>»LCtf»Hl 
PiNT4J,I)=CABS(PCL(J,l)l 

21u      IF4T«AX.LT.P1NT(J,111   TMAX=PiNT4u,11 
2->o   CONTINUE 

TMAA=TMAX/100. 
00   2^*0   J=NLC,NH1 
OU ^^0  I=MLO,MHI 
POL4J,n=PCL(J,i)/TMAX 

240  PirtT(J,I)=PINT(J,il/TMAX 
TN^=TN2*TMAX 

C   *RlTt THE CATA 
hRlTt(6,2C15)    SNArtt,RA,GtC,ANoKoT,AtflNT,TN2,AH,XL,YH,YL 

2ul^     FURMAT(//////,20X, •Put.      INTENSITY   uAlA   FUR   'jAbj/Z^X, 
+      •RA1 ,R12.2,5X,•OtG• ,ol3.1,IUA,'MAP   KuTATcO•,F7.1,//, 
+      lUX,' INCREMENT" ,F 7.1, •      NUt\MALi4.AT ibN« .Fb.**, 
■f • BCU>iCR lES1 ,^F7.1) 

lF4iTYPE.Et.4)   GO   TU   30U 
C        RtAO   Tht   CCNTCURS 

RtAui 5,1031)    NCi,tCuNTi( I) ,I = A.tNGii 
^RirL(6,2020)    (CCNIl(il,I=l,Nuli 

2020     FuRMATdF    ,20F5.0) 
KtA045,lC3C)    CRA,0utG 
wRlIt(6,2060)    CRA.OUtC 

G PLuT   Tht   PGLARIZEC    INTtNSiTY 
GALL   CNTPLTI .TRUE. ,Mhi , NHl , Sf^AMt ,Ni.i.,bUNT I.PINT, INT) 
wRlTt(12,^Gll) 
wKirE(12,4J12) 

C 
1F4 iIYPE.£C;.2)   GO   TU   lu 

C PLUT   The   LINE   PCLAFIZAT1UN   PLUT 
30u      RtAul5,lC31)    NCI,IboNTiC ii ,i = i,Null 

WRiTt (6,2010)    (CCNTi.1 i) ,i = l,NGi) 
RtAU(5,10BG)    CPA,uutG 
wRiTt(6,2CdO)   £RA,uutb 

C        UO   The   TOTAL    INTENSITY   ^LuT 
LALL   CNTFLT( . TRUE. ,Hhl ,Nhl, SNArtt ,N^x ,bOi<T i , INT ,PINT) 
wRITt(6,300O) 

3bOO      FUKMATCIFI,//) 
TrtAA^TN2/TNi 

C otT   OP   ARRAYS   FCR   THt   LINE   PLOT 
uu   3^0   J=NLL,NHI 
UU   3^0   I=»VLG,MHI 
IF (GABS ( PCL( J, I )).Nt.u.)    INT4J,ii=ATAi*<i4A IMAb4PUL4J,i )i, 

♦      KCAL(PCL( J, I ) ) )*u.r> 
35J     LbNTlNUE 

bALL   CNTPLT( . FALSE. , MH 1 ,NHl , SNAMt ,.*ui. VCUN T 1 ,PiNT , INT ) 
rtRITc(12,40il) 
rtRlTt(i2,40l2J 
bu Tu 10 

*Gu «KlTt(12,5000) 
5UUJ FURMAT(•STaP•) 

STOP 
tNU 

C SUbKUUTiNE   CNTPLT 
C 



^UdKUUTINE   CNTPLT(FLAG,lA,IYf^uURGt,Nb,GuNT,blTGRL,PANbi 
LublbAL   FL/iG 
UiMtNSICN   8ITGRL(o4,o<t),PANb4i><»,o4) ,GuNIl20l 
KtAL*d   SCURCE 
GUMMuN   FA,OEC,XF,AL, YH, YL,XY INT ,utvA ,UUtb, ANbROT 
RtAL*8   RA,CEC 

C INITIALIZE 
1F4.NOT.FLAG)   GO   TO   <:UO 
*Rirt(12,lGOO)   SCORGt 

lUGu      FUKMATI^JOB   •,2X,Aol 
C        RUTATt   MAP 

WRiTt(12,1005) 
luUs      FuRMATCANGL       180.    loO.M 

AM iix=0. 
AMAA=IX-1 
AINL-1. 

YMIN=0. 
YMAA=IY-1 

Y1NG=1. 
XSGALt=4.C 
YSGALt=4.C 

XUO=AMAX/XSCALE   -5.0 
YGu=l. 
MRITt(12,1010)   XSuALt,Y3CALt,Auo»YJu,AMiN,AlNC,XMAX, 

+      YMiN,YINC,YMAX 
101U     #-bRhAT( •SIZX    ■ ,4F3.0,24Fiu.G,i-5.U,FxU.u)l 

MRilc(12,1020) 
iuzu     ruRMATCARAY      C.C5   u.C7 1 ^ l«i 

wRITtC 12, IQ1) 
7G7   FOKMATCARAY   •,» i        64 1        o**! 

C rtKilt   UATA 
OU   LU   J=1,64 

10        MRI 11 (12 , 1C30 ) ( ( BI TbKL ( J , I ) , 1= i,o<») ) 
lu30      FuRrtAT( ( 'ARAY    • , 5t l^t. J ,^Xi ) 

ARiTE(12,lC40) 
lu4U     roniMAT( ,riENO, ) 

C        bUNTUui\   LEVELS 
Ou   iuO   I=1,NC 

iOu      «Rlit(12,lb50)   CCNT(n 
1U3U      FURMATCLEV       • ,F5. 1,39X, • !• 1 

MKiTt(12,4317) 
bALL   GRiC(RA,OEC,Ah,AL,YH,YL,AYii«T,UKA,UjEC,XMAX,YMAXl 
RtTUnN 

C UtTtRMiNE  TFEPOLARZIATIUN  LINE   PLUT 

^Uu      rtRITt(12,4217) 
4317      FuRMATCFLCT* ) 

iYY=lY-2 
lXA=iA-2 
uu   ^75   J=3,IY 

Y=J-1 
OU   27U    1 = 3, IX 
A=l-A 

5lZt=BlTGRL( J tD/luO. 
PANoLE=PANb(J,I)-ANbRUT*o.2d34>/joU. 
OX=iIZE*CGS(PANGLEi 

UA=-OA 
UY=ilZE*SIN(PANGLfc) 

VuT   =MBS{CX*L)X-ICY*UY) 
VL=Sv,«T(VLT) 

COT   UFF    IN   POLARIZED   LINE   PLOT 



1I-4VL.LT.C.125) GO TO 27u 
X1=A+DX 
X2=A-DX 
Yl=Y+OY 
Y2=Y-DY 
»RiTt(12,42181 Xl,Yi,X^,Y2 

4313  FORMAT! 'LINE     1 • ,4P:>.2, 19A, • I9 1 
27U  GUNUNUE 
sLl?      ubNTiNUE 

GALL GRiD(RA,0£C,AH,XLtYH,YL,AYiNT,UKA,uOtC,XMAX,YMAX) 
RtTORN 
tNU 
SUbRuUTINE GRIC(RA,OtG,Ah,XL,Yh,YL,AYlNT,ORA,UOtG,XMAX,YMAXl 
RtAL*8   RA,C£C,RAMAX, RAMiN,OtGMAA,OtbMIi\i,ul,ONE,FR 
UATA   CNE/1.000/ 
RtAL*8   ZERC/0.GO0/ 
IF(URA*CCEC.EC.O.)   RETURN 
Gi.= J.lA159265/180./^o00. 
utbMAX=CcC+YF*Ci 
DtCMiN=uEC+YL*Cl 
FSh=uCGS(0.5*(UECMAX+UtGMlN)1 
RAMAA=RA+XF*C1/FSH 
KArtlN=RA+XL*Cl/FSh 
UR=URA*15.*C1 
Ou=UuEC*Cl 
RUNiT=XYINT*Cl/FSH 
UUNiT=XYINT*Cl 

;        GO   TttE   RA   GRIU   NARKS 
lTtrtP=RAMAX/OR 
FR=iTEMP*OR 

10   GONTli^UE 
Ai=4KAMAX-FR)/PUNlT 
X2=Xi 
Yl=u. 
Y2=u.5 
wRlTt(12,i31B) Yl,Ai,Y2,X2 

43 lo  FoKhAT ( 'LINE     I • , 4F3. 2 , 19X, • i.* ) 
Yi=YMAX 
Y2=Yl-0.5 
WRiTt(l2,431B)   Yl,Xi,Y*:,X2 

FK=rK-DR 
1F4FR   .LT.   RAMIN)   bu   TO   20 

bU   Tb   10 
2 J     CuNTiNUE 

; OU   Tht   uECLIMATICN   GRlO 
iF4UtCMIN.LT.ZERU)    1TtMP=iTtMP-i 
iTEMP=DECMIN/CC 
FK=iTEMP*CC 

30     FK=FR+CC 
iF(FR.GT.OECMAX)   bO   TU   40 
X1=U. 
X^=G.5 
Yl=4FR-0ECNIN)/DUNiT 
Y2=Yi 
wRnc(12,4il8) Yl,Xi,Y2,X2 
X1=AMAX 
AZ=Ai-0.5 
MRiTt(12,^318) Yi,Xi.,Y^,X2 
bb lu 30 

^U  RETURN 



tNU 
//FTuoFUul  OD 
Z/uU.FTiuFuul 
//GO.FTiZFbul 
// 
// 
//GG.SYSIN  UD 
3 T 

3C2 7 00 
2o   ^7   ->!   ^^ 
i^G   u.ulO   F 
1<*U.»2   i^uub   14532 

SYS0LT=A,DGb=4KECFM=FoA,bLKSi^t=133,bUFNJ=i) 
CO      0SNAMt=MUURE.uHC2, ui^P = Shi\, VUL=PR1 VATt 
CO   DSNAME=^KlbhT.?ULAKl ,UNlT=Uloi\, 
DlSP=(NEW,PA^oi,iPAGE=4bYL,4z,^ii , 
CCB=( ,RECrM=FB,LRtCL=ou,oLK^ii.t=oul 

52   -*4. 8C   +6b   Go   b2.0   F 

14500 

Uuuu^.O 
/•u 

>94.JOUOE+Oi 
>u 0.7 

195.9UuUt+02 

i.0   ibO+>u+uu + 7C + 60+50+4C+30*20+iO 
10.   3u. 
302/ uU   52   44. 8C   +6o   06   02.0   T   UUOu^.u 
<.Q   ->/   -»1   34 7.u 
15G   G.UlU   F 
14J32 l^uo^* 14532 14564 

594.G000E+01 
7.u     u.7 

^37.JJujt+01 

lo lJu+*u+ou+7C+6C+5C+40+30+2G+lG 
10. ->u. 
3  9u+7u+^u+3C+10 

IU. 3U. 
2 T 
3G27     UU 52 44.80 +6o uo OZ.O F uuUu^.u 
2b ->7 31 34 ?.o 
lJ>b J.biu F 
l4ioU i.«»i<.o 14660 14628 

<.94.UbU0t + Gi 
7.u 0.7 

<i61.UUUUt + 01 

10   lbU+*b+Ob+7C+aC+5C+40+3u+2u+lu 
10.   JU. 
3G27 Ou   52   44.8C   +6b   06   02.0   T   UuUu3.u ^94.0000E+01 
2b   37   ->i   jk-t 7.u 7.u 0.7 
i.5C   O.UiJ   I- 
141uu   IHI^^I   14660   14o92 

20^.6ouOE+01 

10 1UU+ 
lU. 30. 

5 *G+ 
10. 3J. 
//KGNTU 

//FTu^tF 
//FTubi- 
//FTu/^ 
//PLblT 
//FTCPF 

9G+oJ+7C*60+5G+4C+3u+20+10 

7u+DU+3C+iO 

tXEC      PGF=KCNTUUR 
00     UNIT=CISK,SPAGt=(CYL,4LU,iu)l 
DO      SYSCLT=A,UGb=4RtCFM=FoA,DLNSi^t=i.jj,bOFNU=l) 
DO  SYSCLT=B 

APE uD SYSCUT=C,SPAGt=lGYL,(3,^i,RLoti 
JUL   OD DSN=WRIGhT.PuLAKl,UNiT=uioN,UiSP=(OLO,DELETE) 

UK 
UJi 
bui 
uul 



//CASA  Jbb   4234,P,6,13,4) ♦•NEiii   TAU* trtSuLtVtL=i,uLASS=C 
//      EAtC        FORTCLG 
//FG*T.SY3iN     CC   * 
C PRCGRAM   TO   FIND  uPfibAt   UtPTHS 
C IN   HYURGGEN   LiNt  Ab^oRPTlOu 

REAL   TN0PM(2) 
INTtbtR«2   IM(2,64,o4) ,ARRAY45U ,-#^1 ,10 4 lZo,12bl 
EwOiVALENCE   (ARRAY(i,i),IB(i,li1 
lNTtbtR*2   IMAP(2),0EGK 
lNTEbER*2   MAP(2),N0MAP(2) 

CUMMON/FFLAG/DISK,U1KTY,LMAP 

LUbiGAL   FFLAG,PLN,UiiK,LMAP,rtRi TcPLuTFb 
LUGiuAL   DIRTY 

CUMMuN/FEAJER/SNAME,RAtOECtXYiNT»btAM,rtLU,MHl,NLO,NHl 
RtAL*8   SNAME,RA,OtC 
CGMMbN/INFC/IT Y P,I CHAN tNCHANS, on,Vtt 

G 
100U      FURMAT(1X,I1,5(1X,L11) 
lUOi      FURMATt//,'    nYP,JiSK,01RTY,^RiTt,PLbT»,//) 
1010 FGRMAT(A8,R12.2,S12.1,lA,Li.,i.^A,Fo.i,uX,E12.4,/v 

+      4F7.1,4I5,E12.4,/,4F7.1) 
10 li.   FoRMAT (//,lX,Ad,Rl^.^,Si2.1,iX,Li.,i.jA,Fu.i.,6X,E12.4,/,iX, 

+ 4F7.1,4l5,ti2.4,/,lX,4F7.1) 
1020 FuRMAT(26I3) 

1   RtAu(3,L0CO,ENC=90O) 1 IYP,01SK,ui*TY,rtKiTt,PLuTFG 
PKINT iOCl 

PRINT 1C0C, I TYP,DiSK,UlRTY,«Ri IC^LUTFU 

DEFINE FILE 10 (233oU,25o,U,IOi 

L=l 
2 PRINT 1002 

100*: FuRMAT (1H1) 
IF 4 .NOT. OISK) GO TO 10 
LMAP=.TRUE. 
RtAu4:>, l020,ENO=90u)    SNAMt, RA ,UtC ,PF«.Au ,AY INT ,BNORM,TMAA, 

+ML,Nh,NL,NH 
+   ,bLAw,dMIN,PA , NIT,Pt RC,PUN,IdtArt•iMAP(Li,NUbtAM,NUMAP 4 L i 
wRiTt(6,10 30)    SNAME,RA,OtC,PFLAu,AY iuT,ouuRM,TMAX,ML,Mtt,NL,NH 

+    ,DtAM,3MIN,PA ,i4lT,PEKb,PLN, IbtAh, irtAPCti, NUbtAM,NUMAP (Li 
1U3U   FURMAT(lX,Ad,Ri2.2,^i.^.i,iA,Ll,iA,r/.i.,xA,^ElP.4,/, 

+   H4iXffI2),2JX,3(lXfF7.i.J,/fl4fi.Affr3.jfi.AfLlt/f4loi 
MAP4L)=NUI«AP(L1 
IFCUiRTY)    MAP(L)=IMAP(L1 
TNGKMCD-TMAX 
REA0410,MAP(L)+1)   ARRAY 

OU   ^   J=33,56 
uu   3   1=32,96 

5   iH4L,I-32,J-32)=IB(i,J) 
IFIUikTY)   PRINT   10b9 
IF4.NCT.CIRTY)    PRINT    1019 

1U09   FURMAT(IX,•CCMPARISUN   UF   OiRTY   HAPS    •) 
lul9   FUKMATClXt'CCNPARISuN   uF   CLEAN  HAP3   •! 

GU   Tu   21 
iQ   MAP(LJ=L 

1UJ      R«_Au4 5,1C10)    SNAMt , RA, uEC , PFLAbtAi ANT I buuRM, Xh,XL, YH, YL, MLU, ^Hl , 
iNLu,Nhi,TMAX,XCHI,XbLU,YCHI,YCLu 

PRiNT    1011,    SNA^E,KA,UEC,PFLAG,AYAUT,DI>*U«\.M,XH,XL, YH, YL,MLG,MHi , 
XNLU,NHI,T^AX,XCFI,ACLU,YGHI,YCLU 



TNORMIDsT^AX 
RtAu4 5,102CtERR=21)    ( 4 iM(Lfl ,J i , i-i. ,64i „i = l,64) 
MH=33+XCFI/XYINT 
ML=33+XCL0/XYINT 
NH=->3 + YCFl/XYlNT 

NL=33+YCLC/XYINT 
2i IF(PLOTFG)   CALL   PLOT(0,L,MAP,iM,1,O4,1,o4,TNORM4L)) 

C 
CALCOLATt CtNTRES OF CHANNELS 

RtAG4 5,lO40,ENO=9GOi ICHAN,NChANi,bw,VtL 
UNuuV=-i4.2040 5752/2.9 9 7930 
C£NlRE=(2*ICHAN+NCHAN3-l)/2. 
0NU=-BW/S6. 
uV=uNL/ONUOV 
VtLbhN=(CENTRE-49.)*DV*VEL 
wIuTh=NCPANS*CV 
FKtu=VEL*DNU0V-(CtNTRE-49.)*0^U 
F«iluTH=-NCHANS*DNU 
PRiNT 1050 
PAINT 1040   ,        1 CHAN, NCriAiM^,b«, VtL 
PRINT 1060 
PRINT lC70,VELCFN,wIuTH,FREG,FrtluTH 

1U4U  FuRMAT(lX,2I6,2X,^FiU.3) 
lo3U  FuRrtATI//,1 IChAN,NGhANS,ow(Ki1^) , VtLbGlTY ( KMS) •,/) 
ibOU  Fu^MAT(/,• MAP VELUGITY,*I0TH4Krt^i,FKtwUtNCY.wiOTHlKHZl•,/1 
1U7U  FuKhAT(lX,10F10.3) 

C 
19 IF4L .EQ. 2) GC TO 20 

CCC DISPLAY ALL MAPS OVER REFERtNbt ARtA 
MLU=ML 
MHl=MH 
NLG=NL 
NHl=NH 
L=2 
GU TO 2 

2U UUNTINUE 
C 

TrtU=   TNCRM(2)/TU0RM(1) 
THRtt=    AL0G(TNuRM42)/TNURM(i)i 

lF(Ji«sTY) TW0 = 1. 
IF(OIKTY) TFREE=0. 
PRINT 123^, TWC,THREE 

123-4 FOKMAM//," SCALING FACTOR FOR MAP gUUT IENT • ,F10.4, //, ■ SCALING FA 
+GTuR FOR LOG CUQT UNT • ,FIG.*) 

C 
OU DUb N=NLC»NHI 
OU 5uu H=NLC,NFI 
bU Tu (71,J2,73), 1TYP 

7i iM(2,ri,N) = I^(2,N,N)-i>(l,M,N) 
bu Tu 500 

72 IM42,M,N)=(G.+IM(2,M,N1)*TwG/(iM4i,N,Ni+u.Ull *1G0 
Go TG 500 

73 IF (1P(1,M,N) .LE. 0 .OR. IMU,M,M .Lt. 0) Gu Tu 17J 
1M4 2,M,N) = (ALGG(IMi 2,M,N)+0.l-ALU^4iM4i,«,Nl+0.) +THREE 1*4-iuJ.) 
GO TO 500 

17^ iM(^,M,N)=S99 
^oo CONTINUE 

LMMP=.FALSE. 
2-» CALL PLOT(ITYP,L,MAP,iM,MLO,MHi ,.iLG,NHi,i. ) 



IFiwRlTE) CALL CARDSUM) 
Go To 2 

9CO STOP 
END 
SubRoUTINE PLOT(K,MAPNC,MAP, IM,rt4_u,MHi ,ULU ,NHI, TNURN) 
LUblCAL CISK,CIRTY,WRITE,PFLAG 
lNTEutR*2 ICOMP(80),lM(2,64,64i,MAPi^l 
LUbiGAL   Lf-AP 
CuMMGN/PFLAG/CISK,ulRTY,LMAP 
K1=K+1 
bO   TU   (21,22,23,241,   Kl 

21 PRINT 201, NAP(L) 
bu   Tu   15 

22   PKINT   202,   MAP(2),MAP(11 
bu   TO   15 

2^   PRINT    203,   *AP(2),MAP(1) 
bu   TU   15 

24   PRINT   204,   *AP(2),MAP(i) 
^.Ui   FORMAT (///,•      THE   MAH',^,*    RENuKrtALlZtu   TO   MAX  =   lOO1,//! 
202 FuKMAT(///,«    THE   OIFFERNCt   OF   MAP*,lo,iA,«AND   MAP-,16,//) 
203 FOKMAT(///,»    TFE   QUGTitNT   OF   MAP   TiMtS   iu',Io,lX,•AND   MAP",16,//) 
^.04   FOKMAT (///,•    TFE   Lou   OF   ^uUTItNT   uF   MAP • , io, 1A» • ANU   MAP', lo, •    ,=   1 

♦u      TIMES   CPTICJL   DEPTH,TAG-,//I 
2060   FORMATC1H    ) 
206J   FuRrtATdh   ,I2,iX,E4l2) 

ID   PKINT   2C8C 
PRINI 206G,I,( I,I = i,o4) 
PRINT 2C8C 

LSGALt=10 
IFCuISK .ANO. L^AP) LSCALE=1J0 
IFiul^K .ANC. LMAP .ANu. DIRTY) L^bALt=TNuRN/100 

DO ol N=l,64 
61 IGoMP4M = 0 

Do o<-   N=l,64 
J=o3-N 
IFCJ .GT. NFI .GR. J .LT. NLU1 bu TO o2 
UU o3 I=NL0,MHI 
1G0MP4I)=I^(MAFNC,I,J)/LSCALE 
iF4 IbCMP(I) .LT. -9i iGUMP(I)= -iGUMPill 

63 CONTINUE 
PRINT 2C60, J,(ICCMP(I),l=l,o4) 

62 CONTINUE 
PRiNT 206C,I,(I,I=l,o4) 
RtIOKN 
END 
SbbRUUTINE CARDS(IM) 
iNTtuER*2 iM(2, 6H, O4) 
GortMuN/FEAOER/SNAMt,RA,uEC,XYiNT,btAM,MLu,MHi,NLU,NHI 
REALMS   SNAWE,RA,DtC 
GGMMuN/INFC/ITYP,I CHAN,NCriANS,on,VtL 

GUMrtuN/PFLAG/CISH,uiKTY,LMAP 
LOuibAL   CISK,CIRTY,LMAP 
TNURM=10C. 
PUNbrt   40C0,SNANE,RA,utC,lTYP,uiKTY,XYl4MT,oEAM,TNuRM,MLG,MHi, 

+NLU,unI,ICHAN,NCHANb,b^.VEL 
PRINT   2000 
PRiNl 4000,SNANE,KA,ucC,ITYP,uiRlY,AYinT,BEAM,TNGRM,MLO,Mhl, 

♦ NLu»iN*hI , ICHAN , NCHANS, o« ,VEL 



00 10 N=hLC,NHI 
DO 10 P=PLC,MHi 
lF4iM(2,^,N).GE.luOO ) iM(2,M,Ni=^^^ 
iFiiM(2,Jtf,N).LT.l  ) iM(2,M,N)=u 

10    CuNTINUE 
PUNCH 10Q0,((^(2,M,N) ,M=MLO,^HiitN=NLU,NHIl 

lObU  FGKMAT(26I2) 
20Cu  FORMAT (//,• PUNChtO :- »,/) 
4GGU  FGisriAT(iX,A8,R12.2,S12.1,it,lA,Li.,lA,^F*t.l,F6.0,2X,4IOt/, 

+lA,^lo,2X,2F10.3) 
RETGRN 

END 
//G0.FTu3Fuul  CD  * 
3 I F T F 
CASAuRtF ^3 21 06.80 +56 32 4o.9 F UUJI^.J    ^72.0000E+01   130.uouuE+02 
24 4U ^3 ^2 LK^.u UUu4^.U      0.0 
100 O.UiJ F 
32o4  34io  3576  36C8 

I 12  78.125    -4b.b 
CASAO-o  ZJ 21 06.80 +5o 32 4o.9 F Juui3.u    372.0G00t+01   llb.94O0E+C2 
24 4J ^3 42 O^^.u UJU4^.J     0.0 
IbU U.uib F 
3304  J^^3  3576  3640 

3^     I  78.125    -4b.b 
CASA0-»4  4.^ 21 06.80 +56 ^2 46.9 F uuJx^.u    ^72.00GuE+0i   il4.u40ut + C2 
24 4J ^3 42 ot^.u uuu4^.u     U.O 
100 O.ulu F 
^3o4  JHOU  357E  2672 

34     1  78.125    -4o.6 
//bU.FTiuFuul  CO  DS^AME=MbGRE.GHC4,ui^P=oHR,VUL=PRlVATt 



THE END 


