
The Interferometer Fringe Reduction Program —  Version II 

B. G. Clark and C. M. Wade 

(April 1965)

PRINCIPLES OF OPERATION

Ihe mathmatical principles upon which the reduction lies are developed 

in References 1 and 2 and will not be discussed further here. The par­

ticular variant used Is the least squares fitting of a sine wave plus a 

constant, developed In the latter half of Reference 2.

1. Explanation of the Print-Out

a) The heading information for the baseline. Ihls lists the baseline 

constants h, B-l, B2 , B3 used for the reduction and the baseline number as 

well as tape number and date. It also lists the Bessel day numbers used for 

precessing the source table and the source table data card.

b) The heading for each source. This lists the apparent position of 

the source, precessed to the hour of observation, the Julian day number of 

the day upon which the source crosses the meridian, the local oscillator fre­

quency, which Is extended In the standard identification data (SID) block

by means of manually set switches, and the scan number. The differences 

between the antenna pointing and the true source position are calculated and 

printed out under the title ’’pointing corrections.” The coordinate encoders 

for antenna 1 are not connected, as of this writing, so the pointing cor­

rections for antenna 1 are not correct.

c) Ihe data print-out. There are 13 columns of data printed out for 

each minute’ s observation, as follows:
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(I)

(li)

(H i)

(Iv)

(v)

(vl)

( vll)

( vili 

and 

Ix)

(x)

(xl)

(xll

and

xlil)

Source number Is automatically prefaced with a 3C as most, 

but not all, of our sources appear In the 3C catalogue. They 

appear to 1 decimal place.

N Is a running Integer number for convenience In plotting.

It Is the number of minutes after the source appeared at 6*1 

east hour angle.

Hour angle = apparent sidereal time - apparent right ascension 

Apparent sidereal time

The amplitude of the least squares sine wave fitted to the 

data, In units of the nunlber of pulses per tenth second re­

ceived from the voltage to frequency converter.

The phase of this least squares sine wave, In degrees, taken 

to lie between -180 and 180°. The phase Is so defined that 

of two sources, the one with the most positive phase Is nearer 

the northeast pole of the Interferometer.

The fringe frequency In cycles/second

Tne parameters describing the location In the spaclal fre­

quency plane. The units are wavelengths, u Is the effective 

baseline length In the right ascension direction and v Is 

the effective baseline length In the declination direction.

The RMS deviation of the 600 points from the fitted sine wave, 

In counts per tenth second.

The constant component determined in the fitting of a sine 

wave plus constant.

The ALC feed-back voltages averaged over the minute. Mainly 

of engineering interest.
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d) Error messages

(I )  MB1 = B2 = Is not consistent with IB = . . . "  An

error was made In punching the baseline constants or base­

line number In the card Input. Exit Is called.

( I I )  "Date later than 30 June 1967” probably means that the date 

was punched In the wrong columns In the Input card. Exit Is 

Called.

(I l l )  ”Tape and card dates disagree.” This Is followed by the Julian 

day of the card and tape dates. The program will Ignore a 

one day difference. Three such messages result In a call 

to Exit, unless Sense Switch 2 Is depressed.

(Iv ) ’’Source not In table." The machine was unable to match the 

recorded antenna positions with the source table positions.

It then proceeds forward until It encounters the ending SID 

block, and tries again. I f  It can Identify the source from 

this block, It proceeds to reduce the data; If  not, It  Is 

lost.

(v) "Tilt, antenna 1 moved . . .  and antenna 2 moved . . .  minutes 

of arc" occurs I f  the ending SID positions disagree with the 

beginning SID positions by more than 1!5.

(vl) "Reduction repeated." The ending SID time differed from 

that predicted by the beginning SID. The beginning time 

was changed to fit  the second SID and the reduction was 

repeated, resulting In two sets of cards for this block of 

data.
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(vli) ’’Ending SID m issing.” A beginning SID record was encountered 

directly after a data record, with no ending SID between, 

(v ili) ’’Beginning SID does not appear where expected.” The record 

after a second SID was not a beginning SID. The machine 

scans ahead to the next SID. If  it Is an ending SID, Its 

Identification data are used to reduce the Intervening data.

If  it is a beginning SID, the data are lost.

(ix ) "Second SID disagrees with first . Cannot re-reduce." The 

record number In the ending SID Is unbelievably large, so 

the data are not re-reduced, although the time in the ending 

SID Is not that predicted by the beginning SID.

(x) "1-0 check. Return to execution." An 1-0 check Is probably 

a machine error, though It  is possible that the tape may 

contribute to the condition.

(xl) "...W ord  record encountered and Ignored.” Standard data

records are 601 words long. Shorter records are discarded 

with this message. I f  the record Is more than 12 words long, 

the machine checks to see If  It Is an SID record before 

discarding It.

(x li) ’’Record of length exceeding 601 words. Excess words ignored.”

e) The card output. The card deck punched by the program is headed 

by four cards, the first of which contains the tape number and baseline 

parameters, the second contains the clock error, and the third contains the 

last six digits of the Julian day. The fourth card carries two precession 

constants and four Bessel day numbers (M ,N ,A ,B ,C ,D ) in radians. Then 

comes the source table, which consists of cards containing source number,
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and the apparent RA and declination In radians. The source table Is 

terminated with a blank card and Is followed with data cards punched with 

the source number, H .A . , Amplitude, u, v, RMS, offset, and N, as explained 

under the description of the print-out. The last digit of the Julian day 

of meridian passage Is also punched.

2. Small Corrections to the Phase

The amplitudes are corrected for the Influence of Integration, by 

division by —, where A is the phase change during the 0 .1  second

integration interval, and several small corrections are made to the phase, 

immediately before output. All phase effects greather than 0V2 have been 

included.

a) The change of the Bessel day numbers with time. The aberrational 

Bessel day numbers sometimes change 0V35/day. Therefore, the Bessel day 

numbers are to be read in for 0*1 UT and extrapolated by the following formulae:

dA
~ .0000002674 radians/day 

(This is general precession only.)

dC
^  ~ .000001566 sin d radians/day,

where <£ is the angle the earth has traveled In Its orbit since the vernal 

equinox and

dD
2; -.0000017075 cos rf radians/day.

(These assume that the earth’ s orbit is circular.)
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These corrections are applied after every beginning SID Instead of every 

minute as the others are.

b) Refraction Is covered in Reference 3. The coefficient was as­

sumed to be 1.00028 ( I . e . ,  dew point ~ 0°C ).

c) The spherical term of refraction Is also covered In Reference 3, 

and the correction is applied to the data.

d) A term in the phase arises from the approximation of the Inter­

ferometer function by a sine wave. It  Is  derived as follows: The true 

Interferometer function, f (t )  Is (Reference 4)

f(t ) = A cos 2n(B1 cos 6 + B2 cos 6 cos t  + B3)

or approximately, in the vicinity of time tQ

f(t ) ~ A cos 2 ti(C  + R(t-tQ) + R-L(t-tQ) 2)

where

R = -B2 c o s  6 s i n  t

and

R1 = -Bs c o s  5 cos  t

f(t )  ~ A[cos 2tc(C + R(t-tQ)) -27iR1(t-t0) 2 sin 2ti(C + R(t-tQ))]

when fitted with the sine wave

Ac cos 2nR(t-t0) + Ag sin 2TiR(t-t0 )

(neglecting end effects), the result is
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A = A i- sin 2kC
S 12

iji2

2 7i —  R1 cos 
24

where T Is the Interval of observation which results In a phase

0?00042837 B2 cos 5  cos t  must be added to the observed phase.

e) Diurnal aberration. This is discussed in Reference 5. The dis­

placements in a and 6 derived there are

where p cos Is the distance to the axis of the earth compared to the 

equatorial radius. I f  these quantities are inserted In the equations of 

Reference 4, the phase changes by

6 sin H) const.

A6 - 2ti(B1 sin H sin 8 cos 8 + B2 sin h + B2 cos2 5  cos t sin H) . const

The second term Is constant for all H and 8 and so may be lumped with B3 .

The remainder is

Ajzf = 2n sin H cos 8 (B-l sin 6 + B2 cos 8 cos t ) . const

2 tc • const =0?0003289

This quantity is added to the observed phase.

Aa = S0213 p cos cos H sec 6

A5 = 7320 p cos jzf1 sin H sin 8

A ^  = 2 n ( B-l cos  8  s i n  H s i n  6 + B2 c o s  8 s i n  t  c o s  H s e c  8 -B2 cos  t  s i n 2
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11 - 0PERATING instructions

1. Card Formats

a) Input cards

i ) Baseline parameter card

A) In columns 1-10 the hour angle of the southwest pole 

of the Interferometer, in hours, minutes, seconds and 

fractions, written with a decimal point after the seconds 

and no internal spaces.

B) B-l in columns 11-19 with a decimal point. In wavelengths.

C) B2 in columns 20-28 in wavelengths, with a decimal point.

D) B3 in columns 29-37 in fractions of a revolution with 

a decimal point.

E) The baseline number in column 41 

il) Day card

A) Columns 3-8 YYMMDD where YY is the year, MM is the month, 

and DD the day. No Internal spaces permitted.

B) Columns 11-13 tape number. While tape numbers are less 

than 100 they appear In columns 12-13.

C) Columns 14-23, 24-33, 34-43 and 44-53 contain the 4 

Bessel day numbers for Oh V.T. on the date specified 

in columns 3-8. In seconds of arc, with sign and 

decimal point.

D) Column 54-59 clock error with sign (- = slow + = fast) 

and decimal point.

Ill ) Source table date in columns 2-7 allows source table to

be identified without processing the positions back to 1950.
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Thls card should be updated every time the source table Is 

modified.

iv) Source table. For each source prepare a card containing:

A) Columns 1-7; the source number with decimal point.

B) Columns 8-21; right ascension In hours, minutes, 

seconds and fractions, with a decimal point after the 

seconds, and no internal spaces.

C) Columns 22-35; declination in degrees, minutes, and 

seconds, with a decimal point after the seconds and a 

sign In front of degrees. No Internal spaces.

Ihe source table Is terminated with a blank card. It may 

contain at most 50 cards. If  it has exactly 50 sources, the 

blank card should be omitted,

b) Output cards

I) Parameter card

A) Tape number 14, columns 13-16

B) h. 13, 12, F5.2 hours, minutes and seconds In columns 

19-21, 24-25, and 28-32

C) B-l In columns 42-49* F8.2

D) B2 in columns 58-65 F8.2

E) B3 in columns 74-79 F6.2

Other columns than those listed may have alphabetic characters.

II) Clock error card. Clock error In columns 1-6, F6.2

II I )  Date card. The last 6 digits of the Julian day in columns 1-6. 

Iv) Precession constant card. Constants M and N In radians

In columns 1-12 and 13-24 respectively. F12.10. The Bessel



day numbers, also In radians, appear In columns 25-36, 37-48, 

49-60, and 60-72, respectively, in E format E12.5.

Iv) The punched source table. The source number is punched in 

columns 3-7, with 1 decimal place, F5 .1 , the apparent R.A. 

of date in radians In columns 13-24, the apparent declination 

In radians In columns 25-36, both with format F12.8. The 

source table is terminated with a blank card.

v) The data cards.

A) Source number in columns 1-5 F5.1

B) H.A. sign in column 8, hours In column 9, minutes In 11-12,

seconds in 14-17. Decimal point In 16

C) Amplitude In columns 18-27. Decimal point In column 25

D) Phase In columns 28-37. Phase In degrees, decimal point

In column 34

E) u and v In columns 38-45 and 46 to 53. Decimal points

In columns 45 and 53

F) RMS deviation In columns 54-61. Decimal point in columns

58

G) DC offset in columns 62-72. Decimal point In column 70

H) Last digit of Julian day of meridian transit Is punched

In column 74.

X) The running number N Is punched In columns 75-80.

2. Normal Operating Procedure

a) The baseline parameters are first estimated from the survey list 

of Reference 6, or they are eventually taken from the posltlon-calibratlon 

program operating on observations of several point sources.
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b) The date, tape numbers, Bessel day numbers and clock error must 

be punched in the format described above. The Bessel day numbers must be 

for 0*1 U.T. on the date punched.

c) As many stacks of data cards as desired may be stacked one behind 

the other, separated only by the blank card terminating each source table. 

The computer operator should be told to put on the tapes in the order cor­

responding to that of the day cards.

d) The card decks should be filed, marked with the date of reduction 

and the first card interpreted. The bad cards should then be edited out of 

this deck before It Is placed on tape.
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THE INTERFEROMETER FRINGE REDUCTION PROGRAM. VERSION II.

B. G. Clark and C. M. Wade

III. A  Programmers Guide to the Interferometer
Fringe Reduction Program_____________________

1. Flow Chart
A  greatly simplified flow chart is given in the follow­

ing pages.

2. Fortran Program Listing

3. Subroutine Listings and Explanations

a) JD(NY, M, ND) is an arithmetic statement function in 
the main fringe reduction program vfaich converts from 
years (NY), months (M), and days (ND) to Julian days.

b) RADI (RA, DEC, ALPH^, DELTA) converts right ascension 
(RA) and declination (DEC) from format with hours 
(or degrees), minutes, seconds, and fractions read 
as a single floating point number into radians 
(ALPHA, D ELTA). It is permissible to CALL RADI
(RA, DEC, RA, D EC), in which case the answers are 
stored in the input words.

c) BCDCNV (IW, IPS, IPO, IPI, IP2, IP3, IP4, IP5, IP6) 
decodes a BCD coded word with the following format:

byte
1 2 3 4 5 6

1 IPS — I PI —

2 I]PO — I P2 —

3 — ~ I P3 —

4 I P4 —

5 — - I P5 —

6 I P 6 —

d) RAD2 (IPS, IPI, IP2, IP3, IP4, IP5, IP6, DEC) when pre­
ceded b y  a call to BCDCNV unfolds the declination word 
from the tape SID and converts to radians, storing in 
DEC.
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e) RAD3 (IPO, IP1, IP2, IP3, IP4, IP5, IP6, RA) unfolds 
a right ascension word from a tape SID, and again 
connects to radians.

f) RAD4 (IPS, IP1, IP2, IP3, IP4, IP5, IP6, RA) unfolds 
on hour angle word from a tape SID, and converts to 
radians.

g) RADOUT (ANGLE, ND, NM, FS) converts from an angle in 
radians (ANGLE) to degrees (ND) (with proper sign), 
minutes (NM), and seconds (FS).

h) NOCNV (IW, IP1, IP2, IP3) converts a tape data word 
(IW) with the following format:

byte

i 1
2
3

4

5

6

IP1 + IP2

(BCD)

xrj b inary;
,L .1.... 1,

6 «-bit

i) FCNV (IW, IFREQ) converts a BCD word with the 8 digit 
format used for SID frequency notation into binary.

j) TREAD (NOTAPE, IW, IFLGWD, NWDS) reads up to 602 words 
from tape unit NOTAPE (Fortran 1-4. Fortran 0 cor­
responds to NOTAPE = 10) into memory area IW. The 
four least significant bits of IFLGWD, from the right, 
mean redundancy check, end-of-file, end-of-tape, and 
1-0 check, respectively, NWDS is the number of words 
read from the tape into IW.

k) BSP (NOREC, NOTAPE) backspaces tape NOTAPE b y  NOREC 
records. Backspacing should not be done with Fortran 
BACKSPACE statements.

1) FLOT (IW, DATA, IAGC1, IAGC2, IGAIN) takes the first 
601 words in IW, ignores the first two, and treats 
the others as follows: The word is treated as 3 
binary numbers. The first twelve bits is extracted, 
floated and stored in the DATA array. The second twelve 
bits is considered AGC information, and these numbers 
are summed, separate sums being kept for odd seconds



(IAGC1) and even seconds (IAGC2). IGAIN is 1 or 10 
depending on wehther bit 25 is a 0 or 1 respectively. 
The last twelve bits are discarded.
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m) SUMS (CDEL, SDEL, DATA, 
the 599 word array DATA

599

SAVG *  Y.
i=l

599 

SUMSQ = Y, 
i=l

2yy
CFT = y

i=-299

CFT, SFT, SAVG, SUMSQ) takes 
and generates

DATA.
i

(DATAi-DATA ) 2

(DATA0+300-DATA) cos ( i A )

299 _____

SFT = £  (DATAi+300‘“DATA  ̂ Sin 

i=-299

sin A  = SDEL and cos A  = CDEL must be supplied.

4. Glossary of Variable N a m e s .

This listing does not include such things as the rapid­
ly varying DO parameters, intermediate quantities used 
for printout only, and the intermediate variables used in 
decoding BCD words.

Amplitude of the fitted sine wave 
Cosine component of this amplitude

Intermediate steps in precessing right ascension

Right ascension of source under reduction 
Altitude difference between elements of the 
interferometer
Phase of point source at given position 
Sine component of fitted sine wave

Bessel day numbers, in seconds of arc

A
AC
ALFO
ALFl
ALF2
ALF3.
ALPHA
ALT

ARG
AS
BESA 
BE SB 
BESC 
BESD
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CERR
CFT
CHA
COSA
COSP

Bessel day numbers, in radians

See ref. 4

for Bessel star constants 
for Bessel star constants

A, = phase change between subsequent 
integrations 
Clock error in seconds 
Cosine sum - see SUMS subroutine 
cos H
Cosine of azimuth of baseline 
Intermediate, paralactic, term in spherical 
term refraction 
Cosine of zenith distance
Longitude correction to sidereal time, in seconds 
Longitude correction for all 6 baselines 
Central readout time, in radians 
Civil time, in fractions of a day (approximate) 
cos X
Civil time of meridian passage of the source 
Date in fractions of a year (approximate)
The floated correlator outputs

Declination pointing corrections

Amount telescopes have moved in declination 
between beginning and ending SID's.
Corrections to bring the Bessel day numbers 
to the time of observation

Source table declinations
Declination from source table cards
A  = phase change between subsequent integrations

Derivatives of the Bessel day numbers

Declination of source under reduction 
Determinant for the determination of least 
squares sine wave
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DLTO
DLT1
DLT2
DLT3
DPHI

ENDT
FI

FREQ
GAIN
H

HA
HOLDl
HOLD2

HP
IAGC1
IAGC2
IBADDT

IBASE
IBCODE
IDATE

IFLGWD
IFREQ
IGAIN
IGOON

ITAPE
ITBDAT

Intermediate steps in processing declination

Zenith phase rotation (in degrees) due to 
plane term of refraction
Coefficient of spherical term of refraction

Pointing corrections in right ascension

Amount telescopes have moved in right 
ascension between beginning and ending SID's 
Total amount telescopes have moved between 
beginning and ending SID's
Ending hours of sidereal time from ending SID 
Ending minutes of sidereal time from ending SID 
Predicted ending time, in minutes = STARTT 
+ RECNO + 1
Ending time in minutes of sidereal time 
Phase of fitted sine wave, referred to center 
of minute 
LO frequency
1 or 10, according t o  gain indicator bit 
Hour angle of south-west baseline pole, in 
hours, minutes, seconds 
Hour angle H
Antenna 2, declination read from beginning SID 
Antenna 2, right ascension read from beginning 
SID
Hour angle of north-east baseline pole, in radians 

ALC feedback levels

Number of times tape date has disagreed with 
card data 
Baseline number 
Observer's code
Card date. Read and printed as YYMMDD, then 
converted to Julian days 
Flag word from TREAD 
LO frequency
1 or 10 according to gain indicator bit
= 1 if SS2 set, continues reduction even though
dates disagree
Telescope tape number
Source table date
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IW(602)
JD

JDATE
JSRCE
KDATE
KSID

KTAG
M
N

ND
NREC
NSCAN
NWDS
NY
OBJECT
OFFSET
P
PHI

PRECM
PRECN

Q
R
RA(50)
RA50
RECNO
RMS

SAB
SAVG
SDB
SDEC
SDEL

SFT
SHA
SIDDC1
SIDDC2
SIDHA1
SIDH2
SIDRA1
SIDRA2

Buffer holding raw data read from tape 
Arithmetic statement function which converts 
to Julian days 
Tape date (Julian days)
Number of sources in source table 
Julian day of meridian passage 
= 1 if source table was searched with no r e ­
sult, 0 otherwise 
= 0 if tape at load point 
Months, in dates
Running number-number of minutes since object 
appeared at 6*1 east H.A.
Days, in dates 
Record number
Scan number read from tape
Number of words read from tape b y  READ
Years, in dates
Source under reduction
Constant term fitted with sine wave
End effect term (see ref. 2)
Phase of fitted sine wave relative to point 
source at given position

The general precession constants M  and N

End effect term (see ref. 2)
Fringe rate in cycles/sec 
Source table right ascensions 
Right ascension read from source table cards 
Record number
rms deviation of data points from least squares 
sine wave
sin<2t for Bessel star constants 
Sum of the data points 
sin S for Bessel star constants 
sin <5
sin A, A  = phase change between subsequent inte­

grations
Sine sum. See SUMS subroutine 
sin H
c  \

°  Antenna positions read from beginning SID.
SIDRA2 and SIDDC2 may 6e replaced b y  the 

^  ) antenna 1 coordinates during the searching 
of the source table
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SID2D1
SID2D2
SID2R1
SID2R2
SINA
SRCE (50)
STARTH
STARTM
STARTT
STAU
SUMSQ

TAU
TDB
TH
T M
U
V

6

cC
Ending SID antenna positions

Sine of baseline azimuth
Source numbers for source table
gtarting sidereal time - hours
Starting sidereal time - minutes
Starting sidereal time expressed in minutes
sin 7 (ref. 4)
Sum of squares of deviations of data points 
from mean 
?  (ref. 4)
tan for Bessel star constants 
Hours of time of record 
Minutes of time of record 
u (ref. 4) 
v (ref. 4)

References

1. C. M. Wade. "A Method for Finding the Phase and
Amplitude of Interferometer Fringe Patterns," 
NRAO Internal Report, November 1964

2. B. G. Clark, "On the Reduction of Digital Interferometer
Records," NRAO Internal Report, December 1964

3* B. G. Clark, "Refraction," EERAO Internal Report, December 
1964

4. C. M. Wade and G. W. Swenson, "Geometrical Aspects of
Interferometry," NRAO Internal Report, December
1964

5. Explanatory Supplement American Ephemeris and Nautical
Almanac, p. 49.

6 . C. M. Wade, "Interferometer Constants Predicted from
the Survey D a t a , " NRAO Internal Report, January
1965



PROGRAM SECTION 6 
PREPARATORY OPERATIONS
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PROCESSING «ID* ■





PROGRAM SECTION IS 
REDUCTION FOR AMPLITUDE AND PHASE
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3 I B F T C  I F R P  D E C K  , L I ST *REF
I N T E R F E R O M E T E R  F R I N G E  R E D U C T I O N  P R O G R A M  I F R P  I I / l *  1 F E B  1 9 6 3 .

P R O G R A M  S E C T I O N  0 0 5 .  P R E P A R A T O R Y  O P E R A T I O N S .

J U L I A N  D A Y  A R I T H M E T I C  S T A T E M E N T  F U N C T I O N

R E A L  JD
J D (N Y , M , N D ) = (NY*146097) /40 0+( M*30f>7 ) / 100 + ND+ ( ( 5 - M / 3 )/ 5 ) * ( 2- ( 4-MOD ( 

1 N Y , 4))/ 4 + ( l O O - M O D (NY » 100) )/100-(400- M O D (NY>4C0 ) )/ 4 0 0 )+ 1721028

P R I N T  M E S S A G E  —  L O A D  D A T A  T A P E  O N  T A P E  D R I V E  4. P L A C E  T H E  F O L ­
L O W I N G  C A R D S  IN T H E  C A R D  R E A D E R .

1. B A S E  L I N E  C O N S T A N T S .
2. D A T E *  T A P E  N O . ,  B E S S E L  D A Y  N O S . *  C L O C K  E R R O R .
3. S O U R C E  P O S I T I O N  T A B L E .

D I MENS.I O N  I W ( 6 0 2  ) * D A T  A ( 5 9 9 )  > S R C E  ( 5 0 ) * R A ( 5 0 ) , D E C  ( 50 ) > C R L N G  ( 6 )
5 0 7  toRITE ( 6 , 1 0 0 5 )

1 0 0 5  F O R M A T ( 1 H  » 3 1 H L O A D  D A T A  T A P E  O N  T A P E  D R I V E  4 . / 1 H  , 4 5 h P L A C E  T H E  F O L  
1L O W  I N O C A R D S  IN T H E  C A R D  R E A D E R . / 6 X »2 3 H 1 . B A S E L I N E  C O N S T A N T S . / 6 X , 
2 4 9 H 2 .  D A T E *  T A P E  N O . *  B t S S E L  D A Y  N O S . *  C L O C K  E R R O R . / 6 X * 2 fan;. S O U  
3 R C E  P O S I T I O N  T A B L E . )
W R I T E ( 6 * 2 0 0 5 )

2 0 0 5  F O R M A T ( 1 H 1 / 1H )
R E W I N D  0
C A L L  T Y P E ( 1 * 3 Q H L O A D  T A P E  O N  A 4 »  L O W  D E N S I T Y .  )
I B A D D T  = G
R E A D ( 5 » 3 0  0 5 ) H * B 1 > B 2 » B 3 » I  B A S E  

3 0 0 5  F O R M A T ( F 1 0 . 2 * 3 F 9 . 2 * I 4 )

V E R I F Y  C O N S I S T E N C Y  O F  C O N S T A N T S  A N D  S P E C I F I E D  B A S E L I N E .

I F (A B S ( B l - 1 0 1 5 . * F L O A T ( I S A S E + 3 ) ) . G T . 3 0 . )G O  T O 5 0 8  
I F ( A B S ( b 2 - 2 4 9 c i . * F L 0 A T (  I 6 A S E  + 3) ) . G T . 3 0 .  ) G O  T O 5 0 8  
G O  T O  5*: 9

5 0 8  W R I T E ( 6 , 8 0 0 5 )  B 1 * B 2 * I B A S E
8 0 0 5  F O R M A T ( 1 H 0 * 4 m B1  = F 9 . 2 *5 X * 4 H B 2  = F 9 . 2 * 3 2 H  IS N O T  C O N S I S T E N T  W I T H  IB 

1 A S E  = I 3 , 1 8 H .  J O B  T E R M I N A T E D . )
C A L L  E X I T

D E T E R M I N E  L O N G I T U D E  C O R R E C T I O N  IN S E C O N D S  O F  T I M E .

5 0 9  C R L N G ( I ) = - 0 . 2 7 1  
C R L N G ( 2 ) = - 0 . 6 2 8  
C R L N G ( 3 ) = - 0 . 9 6 4  
C R L N G C 4 ) = - 1 . 3 4 1  
C R L N G t 5 ) = - 1 . 6 9 6  
C R L N G ( 6 ) = - 2 . 0 5 2  
C R L = C R L N G { I B A S E )

R E A D  D A Y  D A T A .  D E T E R M I N E  D E R I V A T I V E S  O F  B E S S E L  D A Y  N O S .

R E A D (5 *4 0 0 5 ) I D A T E  * I T A P E  *B E S A ,B E S B * B E S C * B E S D * C E R R
4 0 05 F O R M A T ( I 8 * I 5 * 4 F 1 0 . 3 * F 6 . 2 )

NY = I D A T E / 1 0 0 0  0 
M = I D A T E / l O u  - N Y * 1 0 C  
N D = M O D ( I D A T E * 1 00)
D A T  = (J D ( 1 9 0 0 + N Y , M , N D )  - 2 4 3 8 7 6 2 . ) / 3 6 5 . 2 4 2 5  
D A T  = A M O D ( D A T  * 1 . 0 )
D E L A  = 2 . 6 7 4 E - 7



DELC = 1 .5 6 6 4 E - 6 * C 0 S ( 6 .2 8 3 1 9  ( DAT-0.4 7 1 2 ) )
D E L D  = 1 • 7 0 7 5 E - 6  * C O S ( 6 . 2 8 3 1 9 *  ( D A T - 0 . 7 2 8 3 ) )

C
C R E A D  IN S O U R C E  T A B L E  W I T H  1 9 5 0 - 0  M E A N  P O S I T I O N S .  C O N V E R T  TO
C A P P A R E N T  P O S I T I O N S  F O R  D A T E  O F  O B S E R V A T I O N S ?  IN R A D I A N S .
C

I F ( I D A T E . G T . 6 5 0 6 3 0 )G O T O  5 0 1  
P R E C M = 4 6 . 1 0 1 / 1 3 7 5 0 . 9 8 7  
P R E C N = 2  0 . 0 4 2 / 1 3 7  5 0 . 9 8 7  
G O  T O  5 0 4

50 1 I F ( I D A T E . G T . 6 6 0 6 3 0 ) G O  T O  5 0 2  
P R E C M = 4 9 .  1 7 5 / 1 3 7 5 0 . 9 8  7 
P R E C N = 2 1 . 3 7 8 / 1 3 7 5 0 . 9 8 7
G O  T O  5 0 4

5 0 2 I F ( I D A T E . G T . 6 7 0 6 3 0 )GO T O  5 0 3  
P R E C M = 5 2 . 2 4 8 / 1 3 7 5 0 . 9 8 7
P R E C N = 2 2 . 7 1 4 / 1 3 7 5 0 . 9 8 7  
G O  T O  5 0 4  

5 03 w R  I T E (6 5 5 005)
5 0 0 5  F O R M A T ( 1 H 0 * 4 7 H  D A T E  L A T E R  T H A N  30 J U N E  1 9 6 7 .  J O B  T E R M I N A T E D . )

C A L L  E X I T
5 0 4  B O S A = B E S A / 2 C 6 2 6 4 . 8 1  

B O S B = B E S B / 2  0 6 2  6 4 . 8 1  
B O S C = B E S C / 2 0 6 2 6 4 . 8 1  
B C S D = B E S D / 2 0 6 2 6 4 . 8 1  
R E A D ( 5 > 1 2 0 0 5 )  I T B D A T

12 0 0 5  F O R M A T (17)
D O  5 C 5 J = l , 5 0
R E A D (5 >60 0 5 ) S R C E  ( J ) * R A 5  0 , D E C 5  0 

6 0 0 5  F O R M A T ( F 7 . 1 » F 1 4 . 2 * F 1 4 . 1 )
I F ( S R C E ( J ) . L E . O . )G O  T O  5 0 6  
C A L L  R A D I ( R A 5 0 » D E C 5 0 > A L F 0 * D L T 0 )
ALF1 =ALF0+PRECM+PRECN*S1 N ( ALFO ) *SIN ( DLTO ) /COS ( DLTO ) 
DLT1=DLT0+PRECN*CCS(ALFO)
A L F 2 = 0 . 5 * ( A L F 0 + A L F 1 )
D L T 2 = 0 . 5 * ( D L T 0 + D L T 1  )
ALF3=ALF0+PRECM+PKECN*SIN(ALF2)*SIN(D L T 2 )/ C O S (D L T 2 ) 
DLT3=DLT0+PRECN*C0S(A L F 2 )
S A B = S I N ( A L F 3 )
C A B = C O S ( A L F 3 )
S D B = S I N ( D L T 3 )
C Q 6  = C 0 S (D L T  3)
T D B  = S D B / C D B
R A (J ) = A L F 3 + B 0 S A * (2. 3 0 0 3 9 + S A B * T D B )+ B O S B * C A b * T D B  + B O S C * C A B / C D B  + B O S D * S  

1 A B / C D B
D E C  ( J ) = D L T 3 + B O S A * C A B - B O S b * S A B + B O S C *  ( 0 . 4 3 3 6 5 # C D B - S A b * S D B  ) + 6 0 S D * C A b *  

1 S D B
5 0 5  C O N T I N U E  

J = 51
5 0 6  J S R C E = J  - 1

C
C C O N V E R T  H T O  R A D I A N S *  F O R  N O R T H - E A S T  P O L E .
C

C A L L  R A D I ( H * 0 . »H P * D U M M Y )
H P = H P - 3 . 1 4 1 5 9 2 6 5

C
C F I N D  R E F R A C T I O N  C O N S T A N T S
C

A L T  = 0 . 6 2 1 5 2 4 4 * 8 1  + 0 . 7 8 3 3 9 4 8 * B 2 * C O S (H P )
D P H I  = 3 6 0 . * 0 . 0 0 0 2 8 * A L T
D P  H O  = O . H 5 * F L O A T ( 3 * I b A S E  + 9)



C O S  A = R 1 / ( u . 7 3 3 4 * S Q R T ( B 1 * B 1 + B 2 * B 2  ) )
S I ,\ A = SQRT ( 1 . -COSA*COSA )

c

C P R I N T  C O N S T A N T S .
C

W R I T E ( 6 > 7 G 0 5 ) I T A P E » I D A T E > F 1 j B 1 » B 2 » 6 3 » I B A S E * B E S A * B E S B » B E S C » d E S l' » C L R k  
1 > I T B D A T

7 0 0 5  F 0 R M A T ( 1 H  * 4 H T  A P E  I 5 > 5X > I 7 / 1H *4H H = F 9 . 2 / 1 H  , 4 H B 1  = F 9 . 2 / 1 H  * 4 H B 2  = 
1 F 9 . 2 / 1 H  ♦4 H B 3 = F 9 . 2 / 1 H  , 8 H B A S E L I N E I  2 / 1H , 2 2 H B E S S E L  D A Y  N O S .  A = 
2 F 1 0 . 3 / 2 0 X  , 3 H B  = F 1 0 . 3 / 2 0 X * 3 H C  = F 1 0 . 3 / 2 C X  * 3 H D  = F 1 0 . 3 / 1 H  , 1 1 H C L 0 C K  ER  
3 R O R F 7 . 2 / 1 H  , 1 7 H S 0 U R C E  T A B L E  D A T  E 1 7 / 1H , 6 8 H  R E C O R D S  M A R K E D  * W E R E  R 
4 E A D  F R O M  T E L E S C O P E  T A P E  W I T H  A P A R I T Y  E R R O R . )
W R I T  E (6 » 2 0 0 5 )
I D A T E  = J D ( N Y + 1 9 0 0 * M » N D )

C
C P U N C H  C O N S T A N T S .
C

IH = H /  1 0 0 0 0 .
I M = A B S ( H / 1 G C . )
IM = I M - I A B S ( I H ) * 1 0 0  
S = A M  0  D ( A B S ( H )* 1 0 0.  )
WRIT E (7 > 900 5)I TAPE »IH >IM > S » B 1 * B2 »B 3 » CERR >I DA TE »PRECM » P R EC N, B O S A ,BO 

1 SB > BOSC 9 BOSD
9 0 0 5  F 0 R M A T ( 8 X * 4 H T A P E I 4 » 2 H H = I 3 > 2 H H I 2 * 2 H M  F 5 . 2 * 1 H S * 5X , 3 H B 1  = F 8 . 2 > 5 X , 3 H B 2  

1 = F 8 . 2 » 5 X > 3 H B 3 = F 7 . 3 / F 6 . 2 / I 6 / 2 F 1 2 . 1 0 » 4 E 1 2 . 5 )
DO 5 1 0  I = i * J S R C E

5 1 0  WR I T £•( 7 > 1 0 0 0  5 ) S R C E  ( I ) > R A ( I ) j D E C ( I )

1 0 0 0 5  F O R M A T ( 2 X , F 5 . 1 » 5 X , 2 F 1 2 . 8 )
W R I T E (7, 1 1 0 0 5 )

1 1 0 0 5  F O R M A T ( 1 H  )
C
c
C P R O G R A M  S E C T I O N  0 1 0 .  L O C A T I O N  O F  F I R S T  S I D  A N D  E X T R A C T I O N  O F  S I D
C D A T A .
C
C S F A P C H  F O R  F I R S T  S I D .
C

K T A G  = 0
10 0 1 C A L L  T R E A D ( 4 j I W » I F L G W D > N W D S )

IF ( I F L G W D . G E . 8) W R I T E  ( 6 * 6 0 1 5 )
IF ( I F L G W D . G E . 8) I F L G W D  = I F L G W D - 8  
IF ( I F L G W D . G E . 2 ) G O  T O  1 5 0 5 
K T A G  = K T A G  + 1
I K K I  A G .  E G . l . A N D . I F L G W D . E G . 1) K T A G  = K T A G  + 3
IF ( K T A G  . E G . 4) C A L L  T Y P E (1 , 3 6 H S E T  A 4  T O  L O W  D E N S I T Y .  P R E S S  S T A R T .  

1 )

I F (K T A G . E Q . 4 )  G O  T O  1 0 G 1
K T A G  = 1
IF ( N W D S . L E . 12) W R I T E  ( 6 , 7 0 1 5 )  N W D S  
IF ( N W D S . L E . 12) G O  T O  1 0 0 1  
C A L L  N 0 C N V ( I W (2) » I P 1 , I P 2 * I P 3)
IF ( I P 3 . N E . 0 ) G 0  T O 1 0 1 1

1 0 1 7  A S S I G N  1 5 0 6  T O  K K  
A S S I G N  1 5 0 4  T O  L L

C
C S C A N  N U M B E R  > O B S E R V E R  C O D E  ? A N D  F R E Q U E N C Y
C
1 0 0 9  N S C A N  - IP2

C A L L  R C D C N V ( I W ( 3) * i P S » I PC » I P 1 * I P 2 » IP 3 * I P 4 » IP5 * I P 6 ) 
I R C O D E = I P 6 + 1 0 * I P 5 + 1 0 0 * I P 4 + 1 0 0 0 * IP3 + 1 0 0 0 0 * 1 P 2  + 1 0 0 0 0 0 * 1  PI 
C A L L  F C N V ( I W ( 6 ) » I F R E Q )
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1010

1C 0 8

F R E G  = I P k  E Q  * 2  + 2 6 0  0  0  0  0  0  0  0  

E X T R A C T  A N D  C H E C K  D A T E .

C A L L  B C D C N V ( 1 W(  4  ) .» I P S  ? I P C  9 I P I  ? 1 P 2  * I P 3 , I P 4  , i P 5 » I P 6  )

JDATE =  J D ( 1 9 0 0  +  1 0  *  I P  1 +  I P 2 * 1 0 * 1 P 3  + I P 4 , 1 0 * 1 P 3 + I P 6 )

I F ( I A B S ( J D A T E - I  D A T  t ) • L E • 1 ) G O  T O  1 0 C 2  

W R I T E ( 6 ? l U i r ) I D A T E  * J D A T E

F O R M A T  ( 1 H  0  ? 4  3 H T A P E  A N D  C A R D  D A T E S  D I S A G R E E .  C A R D  D A T E  

1 1 5 H .  T A P E  D A T E  = , 1 9 )

I B A D D T  = I P A D  D T +  1 

C A L L  S S W  T CIH ( 2 ? I G O O  I'm )

IF- ( I B A D D T . G E . 3 .  A N D .  I G U O N . N E .  1 ) C A L L  E X I T  

G O  T O  1 0 0  2

F I N D  H O U R S  A N D  M I N U T E S  O F  S I D  T I P E .

C A L L  B C D C N V  ( I W  ( 3 ) * I P S  » 1 P ^  . I P  1 9 I P 2  ? I P 3 * I P 4 » I P 3 ? 1 P 6  )

S  T A R T Hi = 1 0  *  I P 1 +  1 P 2 

S T A R T  ~ 1 0  *''• I P  3  +  I P 4

B 1 N D C I V I L  T I M E

C T  =  S T  A R T H  /  2 4 .  +  S  T A R T P . /  1.4 4 0  .  - ' C B k R / 8 6 4 0 0  * - D A T  + . 7 3  3 b 7

C T  = C T - O . 9 9 7 2 7

I F  ( C T .  L T .  0  .  ) C T = C T + 1 .

J. r ( C T .  G  T .  1 .  ) C T = C T - 1 .

C T  = C T  +  F L O A T ( J D A T E - i D A T E )

F I N D  C O R R E C T I O N S  T O  b E S S S E E  D A Y  N U M B E R S

B E B A  = D E L A * C T  

B H' B C  = D E L C * C T

B E  P D  = D F L D  *  C  T

j- v ; T R A C T  S I D  C O O R D I N A T E S  F O k  A N T F ; , . \ A  1 .

k s  i o  - ;■

C A E L  P. C D  C i W  ( I W ( 7 ) ? I P S  ? I P  0 ? ± K 1 9 I P 2  9 I P 3  9 I P 4  9 I P 3 ? I r' b  5

C A L L  R A D 2  ( I P S  9 I P I  * I P 2  * I P 3  ? I P 4  9 I Pi> » I P 6  ? S I  D D C 1  )

C A L L  B C D C N V  ( I W ( 8  ) 9 I P S  9 I P C  9 I P I  9 I P 2  9 I P 3  9 I P 4  9 I P 3  9 I P'E >

C A L L K r  D 3 ( I P o 9 I P 1 ? I P 2 9 I P 3  ? I f- 4  9 i P  d  •> I P 6  9 S  I D R  A 1 )

C A L L  B C D C N V  ( I W ( 9 ) * I P S  9 I P .̂. 9 I !• I 9 I P 2 * I P 3 • I P 4  9 I P 3  9 I

C A L L  R A B 4  ( I P S  9 I P 1 9 I P 2 9 i P 3 • I E 4  9 B  ; P 6  9 S  I DPi A I }

E X T R A C T  S I D  C O O R D I N A T E S  P G R  A N T E N N A  2 .  S E A R C H  S O U R C E  T A

C A L L  B C D C N V ( I W ( 1 0 )  9 I P S  9 I P O j  I P I - 1 - B  9 I P 3 9 I P 4 9 I P 3 9 I P 6 )

C A L L  R A D 2  ( 1 P S  9 I P  1 9 I P 2  9 1 P 3  9 1 P 4  9 i Pi? 9 I P 6  5 S I  D D C 2  )

H O L D ! = S I D D C  2

C A L L  B C D C N V ( I W ( 1 1 ) 9  I P S  9 I P O  9 I P 1 * I P 2  9 I P 3 9 I P 4 , I P 3 ? 1 P 6 )

C A L L  R a D 3  ( I P O 9 I P 1 9 I P 2 9 I P 3 9 I P 4  9 T P 3 9 I t;6  - S  I D R  A 2 )

M O L D 2 - S I D R A 2

C A L L  B C D C N V ( I W ( 1 2 )  9 I P S  9 I P O  9 I P 1 9 I P 2  9 I P 3  9 1 P 4 , I P  3 9 I P  6 )

C A L L  R A D 4 (  I P S 9 I P 1 9 I P 2  9 I P 3 9 I P 4  9 I P 3  ? I P 6  9 S I D H A 2 )

D O  1 0 0 3  J “  1 9 J  S  R C  E

I F ( A B S  ( S I D R A 2 -  R A ( J  ) } .  G  T .  0  • 0  0  8 7 2 6 6 3  ) G O  T O  1 0 0 3  

I F ( A B S  ( S  I D D C 2 - D F C ( J ) ) . G T . 0 . C 0 8 7 2 6 6 5  ) G O  T O  1 0 0 3  

A L P  Hi A. — R A ( J  )

B E L T A = D E C ( J )

o b j e c t = s r c f :  ( j  )
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n

C O R R E C T  P O S I T I O N S  TO M E A N  F O R  D A Y

S A B  = S I N ( A L P H A )
C A B  = C O S ( A L P H A )
S D B  = S I N ( D E L T A )
C D B  = C O S ( D E L T A )
T D B  = S D B / C D B
A L P H A  = A L P H A + D E B A * ( 2 . 3 0 0 3 9 + S A B # T D B )+ D E B C * C A B / C D B + D E B D * S A B / C D B  
D E L T A  = D E L T A  + D E B A * C A B + D E B C * ( 0 . 4 3 3 6 5 * C D B - S A B * S D B )+ D E B D * C A B * $ D B
S D E C = 5 I N ( D E L T A )
C D E C = C O S ( D E L T A )
G O  T O  1 0 0 4

1 0 0 3  C O N T I N U E
C A L L  R A D O U T (H O L D  1 , N D , N M  *F S )
SI D R A 2 = H O L D 2  / 1 5 .
C A L L  R A D O U T ( S I D R A 2  , N D D »  N M M  * F S S )
I F ( K S I D . E G . l )  G O  T O  1 0 0 6  
K S I D = 1
S I D D C 2 - S I D D C 1
S I D R A2 = S I'DRA 1 
G O  T O  1 0 0 8

1 0 0 6  W R I T E ( 6 , 2 0 1 0 )  N D D ,N M M ,F S S > N D » N M ,F S
2 0 1 0  F O R M A T ( 1 H 0 , 2 4 H S O U R C E  N O T  IN T A B L E .  R AI  3 , I 3 » F 6 .2 *3 X * 3 H D E C I  4 > I 3 > F 4 .

1 0 )

G O  T O  1 0 1 2

F I N D  D A T E  O F  M E R I D I A N  P A S S A G E

1 0 0 4  H A = 1 0 0 0 0 . * S T A R T H + 1 0 0 . * S T A R T M + C R L - C E R R  
C A L L  R A D I ( H A , 0 . , H A , D U M M Y )
H A  = H A - A L P H A
IF ( H A . G T . 3 . 5 )  H A  = H A  - 6 . 2 8 3 1 8 5 3 1
I F ( H A . L T . - 3 . 5 )  H A  = H A  + 6 . 2  8 3 1 8 5 3 1
C T M  = C T  - H A / 6 . 2 6 3 1 6 5 3 1
M C T  = C T M  + 7 . 5
M C T  = M C T  - 7
K D A T E  = J D A T E  + M C T

P R I N T  S O U R C E  N A M E  A N D  A P P A R E N T  P O S I T I O N ,  A N D  R C V R  F R E Q U E N C Y

D U M M Y  = A L P H A / 1 5 .
C A L L  R A D O U T (D U M M Y ,N D ,N M ,F S )
C A L L  R A D O U T ( D E L T A , N D D ,N M M ,F S S )
W R I T E ( 6 , 3 0 1 0 ) O B J E C T , N D , N M * F S , N D D » N M M * F S S  

3 0 1 0  F O R M A T ( / / / 1 H 0 , 2 H 3 C F 6 • 1 , 6 H  R A = I 3 * I 3 ♦ F 7 . 3 > 8 H  D E C  = I 4 , I 3 > F 6 . 2 )  
W R I T E  (6*8.010) K D A T E  

8 0 1 0  F O R M A T  ( 6 H  D A T E  ,19)
F R E Q  = F R E Q / 1 0 0  0.
W R I T E  ( 6 , 7 0 1 0 )  F R E Q  

7 0 1 0  F O R M A T ( 1 1 X , 1 4 H L 0  F R E Q U E N C Y  =* F 1 0 . 1 *  5 H  K C / S )

D E T E R M I N E  P O I N T I N G  C O R R E C T I O N S .

D R A 1 = 1 3 7 5 1 . * ( S I D R A 1 - A L P H A )
D R A 2 = 1 3 7 5 1 . * < H O L D 2 - A L P H A )
D D E C 1 = 3 4 3  7 . 7  5 * ( S I D D C 1 - D E L T A )
D D E C 2 = 3 4 3 7 . 7 5 * ( H O L D 1 - D E L T A )
W R I T E ( 6 , 5  0 1 0 ) I B C O D t ,D R A 1 >D D E C l ,N S C A N  » D R A 2 * D D E C 2  

5 0 1 0  F O R M A T ( 1H  , 1 4 H O B S E R V E R S  C O D E , I 7 , 1 9 X »2 9 H P O I N T  I N G  C O R R E C T I O N S .  D R A 1
1 = » F 6 . 1 , 8 H  S E C 0 N D S / 6 4 X  * 6 H D D E C 1 = *F 6 . 1 ♦ 8 H  M I N U I E S / I H  * 1 1 H S C A N  N U M B E R



2 * 1 6 *  4 6 X  * 6 H D R A 2  = * F 6 . 1 * 8 H  S E C O N D S / 6 4 X  * 6 H D D E C 2 S * F 6 .1 * 8 H  M I N U T E S )  

P R I N T  C O L U M N  H E A D I N G S .

W R I T E (6 * 4 0 1 0 )
4 0 1 0  F O R M A T ( 1 H 0 * 1 1 6 H  S O U R C E

1 P H A S E  F R E Q
2 )

G O  T O  K K  * ( 1 5 0 6  * 1 0 1 3 )

U
N H O U R  A N G L E  

V
T I M E  A M P

R M S  O F F S E T  A G C 1  A G C 2 /

F I R S T  S I D  N O T  P R O C E S S E D

1 0 1 1  W R I T E  ( 6 * 1 1 0 1 0 )
1 0 1 0  F O R M A T  (// 4 7 H  B E G I N N I N G  S I D  D O E S  N O T  A P P E A R  W H E R E  E X P E C T E D *  

G O  T O  1 0 1 8
1 0 1 2  C A L L  T R E A D ( 4 * , I W *  I F L G W D * N W D S )

C A L L  N O C N V ( I W {2 >* I Pi * I P 2 * I P 3 )
IF ( I F L G W D . G E . 8) I F L G W D  = I F L G W D - 8  
IF ( I F L G W D . G E . 2) G O  T O  1 5 0 5

1 0 1 8  IF ( N W D S . L E . 12) W R I T t ( 6 , 7 0 1 5 )  N W D S  
IF ( N W D S . L E . 12) G O  T O  1 0 1 2  
W R I T E  (0) IW, I F L G W D , N W D S  
C A L L  N O C N V ( I W ( 2 ) * I P 1 , I P 2 , I P 3 )
N R E C  = IP 3
IF ( I P 3 . E Q . 0 )  R E W I N D  0 
IF ( I P 3 . E Q . 0 )  G O  T O  1 0 1 7  
I F ( I P 1 . N E . 1 )  G O  T O 1 0 1 2  
R E W I N D  0
A S S I G N  1 0 1 3  T O  K K  
G O  T O  1 0 0 9

1 0 1 3  S T A R T M  = S T A R T M  - F L O A T  (NREC')- 1  •
IF ( S T A R T M . L T . 0.) S T A R I h  = S T A R T H  - 1.
IF ( S T A R T M . L T . 0.) S T A R T M  = S T A R T M  + 60 .
IF ( S T A R T H . L T .  0.) S T A R T H  = S T A R T H  + 2 4 .
A S S I G N  1 5 0 6  T O  K K

1 0 1 4  A S S I G N  1 0 1 4  T O  LL
R E A D  (0) IW , I F L G W D  * N W D S  
C A L L  N O C N V ( I W ( 2 )  * I Pi * I P 2 > I P 3 )
R E C N O  = IP3
IF ( I P 1 . N E . 1 ) G O  T O  1 5 0 9  
A S S I G N  1 5 0 4  T O  LL  
R E W I N D  0 
G O  T O  1 0 0 1  

1 0 1 6  W R I T E  ( 6 , 1 0 0 1 0 )
0 0 1 0  F O R M A T  ( 2 C H  E N D I N G  S I D  M I S S I N G .  )

G O  T O  1 0 0 9

E X T R A C T  2 N D  S I D  P O S I T I O N S  A N D  C O M P A R E  T H E M  W I T H  1 S T  S I D .

/ / )

1007 CALL BCDCNV(IW C7)>IPS*IPO,IP1,IP2*IP3* 
CALL RAD2(I PS,IP1,1P2 * I P3>IP4* IP5>IP6* 
CALL BCDCNV(IW(8)* I PS * I PO * IP1 *IP2* IP3* 
CALL RAD3( IPO*IPl*IP2 * IP3*IP4,IP5,IP6, 
CALL BCDCNV(IW(10)* I PS * IPO* I PI * IP2* IP3 
CALL RAD2(I PS * IP1,IP2* IP3* IP4* IP5* IP6* 
CALL BCDCNV(IW(11)* I PS * IPO* IP1 * IP2 * IP3 
CALL RAD3 ( IPO* IPl * IP2 * I P3* IP-4* IP5* IP6* 
DR1=ABS(SIDRA1-SID2R1) 
DD1=ABS(SIDDC1-SID2D1) 
DR2=ABS(HOLD2-SID2R2)
D D 2 = A B S (H O L D 1 - S I D 2 D 2 )

I P 4 * I P 5 * I P 6 )  
S I D 2 D 1 )  
I P 4 * I P 5 * I P 6 )  
S I D 2 R 1 )
* I P 4 , I P 5 * I P 6 ) 
S I D 2 D 2 )
* I P 4 * I P 5 * I P 6 )  
S I D 2 R 2 )



n
on

 
n 

n 
n 

n 
n 

n 
n 

n 
n 

n 
n

IF(DR1.LT.0.0005.AND.DR2.LT•0.0005.AND.DDl.LT•0.0005.AND.DD2.LT.0. 
10005) GO TO 1001 
D1=SQRT(DD1*DD1+CDEC*CDEC*DR1*DR1)*3437.75 
D2=SORT(DD2*DD2+CDEC*CDEC*DR2*DR2)*343 7.75 
WRITE(6,6010)D1,D2 

6010 FORMAT(1H0,5HTILT.//1H ♦ 15HANTENNA 1 MOVEDFIO•1 *20H AND ANTENNA 2 
1MOVEDF 10.1,40H MINUTES OF ARC DURING THIS OBSERVATION./.)
C A L L  B C D C N V ( I W ( 5 ) , I P S  * I P O , I P 1 , 1 P 2 , I P 3 , 1 P 4 * I P 5 * I P 6 )
E N D H  = 1 0 * I P 1  + IP 2
E N D M  = 1 0 * IP3 + I P 4
E N D T  = 6 0 • * E N D H  + E N D M
S T A R T T  = 6 0 . * S T  A R T H  + S T A R T M
E N D P T  = S T A R T T  + R E C N O  + 1.
IF ( E N D P T . G E .  1,440. ) E N D P T  = E N D P T  -  1 4 4 0 .
I F ( E N D P T . E Q . E N D T ) G O  T O  1 0 0 1  
N O R E C  = R E C N O
IF ( N O R E C . G E . 150) W R I T E  ( 6 , 1 2 0 1 0 )

1 2 0 1 0  F O R M A T ( 8 4 H  S E C O N D  S I D  D I S A G R E E S  W I T H  F I R S T .  C A N N O T  R E R E D U C E  B E C A U  
1 S E  O F  E R R O R S  IN S E C O N D  S I D .  )
IF ( N O R E C . G E . 150) G O  T O  1 0 0 1  
C A L L  B S P (N O R E C + 1 , 4 )
S T A R T H  = E N D H
S T A R T M  = E N D M  - R E C N O  - 1.
IF (S T A R T M . L T . O . ) S T A R T H  = S T A R T H  - 1.
IF ( S T A R T M . L T . O . ) S T A R T M  = S T A R T M  + 6 0 .
IF ( S T A R T H . L T .  0.) S T A R T H  = S T A R T H  + 2 4 .
W R I T E  ( 6 , 9 0 1 0 )

9 0 1 0  F O R M A T (// 4 2 H  R E D U C T I O N  R E P E A T E D .  R E M O V E  E X C E S S  C A R D S .  / / 1 0 ( 6 X »
1 1 H * ) / / )
G O  T O  1 5 0 4

P R O G R A M  S E C T I O N  0 1 5 .  D A T A  R E A D - I N ,  R E D U C T I O N  F O R  A M P L I T U D E  A N D  
P H A S E ,  O U T P U T  O F  R E S U L T S .

1 5 0 6  C O N T I N U E
1 5 0 4  C A L L  T R E A D ( 4 , I W , I F L G W D , N W D S )

I F ( I F L G W D . G E . 8 )  W R I T E ( 6 , 6 0 1 5 )
6 0 1 5  F O R M A T  ( 3 3 H  I- 0  C H E C K .  R E T U R N  T O  E X E C U T I O N . )

I F ( I F L G W D . G E . 8 )  I F L G W D  = I F L G W D - 8  
I F ( I F L G W D . G E . 2 ) G O  T O  1 5 0 5

T R A N S F E R  IF F I R S T  S I D .

C A L L  N O C N V ( I W ( 2 ) , I P 1 , I P 2 , I P 3)
R E C N O = I P  3
IF ( N W D S  . G T .  15) G O  T O  1 5 0 9  
I F ( I P 3 • E Q • 0 ) G O  T O 1 0 1 6

T R A N S F E R  IF S E C O N D  S I D .  C H E C K  R E C O R D  L E N G T H

I F ( I P I  . E Q . 1 ) G O  T O  1 0 0 7
1 5 0 9  I F (NW DS• L T • 6 0 1 )  WRI T E ( 6 , 7 0 1 5 )  NWDS

7 0 1 5  F O R M A T ( 1 H  , I 3 , 3 7 H  W O R D  R E C O R D  E N C O U N T E R E D  A N D  I G N O R E D .  )
IF ( N W D S . L T . 6 0 1 )  G O  T O  1 5 0 4  
IF ( N W D S . E Q . 6 0 2)  W R I T E (6 , 8 0 1 5 )

8 0 1 5  F O R M A T  ( 6 1 H  R E C O R D  O F  L E N G T H  E X C E E D I N G  6 0 1  W O R D S .  E X C E S S  W O R D S  IG 
1 N O R E D .  )

F I N D  C R O  T I M E  IN R A D I A N S .



n 
n 

o 
n

o
n

 
n 

n 
n 

n
o

o
n

 
o 

o
n

1 5 1 0  T M - S T A R T M + R E C N O
T H  = S T A R T H  + A I N T ( T M / 6 0 . )
I F ( T H . G E . 2 4 . )  T H = T H  -  2 4 .
T M  = A M O D ( T M , 6 0 . )

1501 CRO = 10000•* TH+100.*TM-CERR+CRL+29.94 
CALL RADI(CRO,0. >CR0 , DUMMY)

F I N D  H O U R  A N G L E  A N D  Q U A N T I T I E S  D E P E N D I N G  O N  IT.

H A = C R O - A L P H A
IF ( H A . G T . 3 . 5 )  H A  = H A  - 6 . 2 8 3 1 8 5 3 1  
I F ( H A  . LT . - 3 . 5  ) HA. = H A  + 6 . 2 8 3 1 8 5 3 1  
T A U = H A - H P  
S T A U  = S I N ( T A U )
C T A U = C O S ( T A U )
U = B 2 * S T A U
V = B 1 * C D E C - B 2 * S D E C * C T A U  
R = U * C D E C / 1 3 7 5 0 . 9 8 7  
D E L  = . 6 2 8 3 1 8 5 3 1 * R 
S D E L = S I N ( D E L )
C D E L  = C O S (D E L )
N = 2 2 9 . 1 8 3 1 1 8 * H A + 3 6 0 . 5

C O N V E R T  D A T A  A R R A Y  T O  F L O A T I N G  P O I N T  A N D  T R U N C A T E  T O  G I V E  C O R ­
R E L A T O R  O U T P U T  O N L Y .

C A L L  F L O T ( I W * D A T A , I A G C 1 , I A G C 2 * I G A I N )
G A I N  = I G A I N  
I A G C 1 = ( I A G C l + 1 5 0 ) / 3 0 0  
I A G C 2  = ( I A G C 2 + 1 4 9 )/ 2 9 9

F O R M  S U M S  F O R  R E D U C T I O N .

C A L L  S U M S ( C D E L , S D E L , D A T A , C F T  , S F T  ,. S A V G , S U M S Q )

F I N D  P H A S E  , A M P L I T U D E ,  R M S ,  O F F S E T .

P = S I N ( 5 9 9 . * D E L ) / ( 5 9 9 . * S D E L )
G = S I N ( 2 9 9 . 5 * D E L ) /< 5 9 9 . * S I N ( 0 . 5 * D E L  ) )
D E T  = 0.5-'M l . + P ) - Q * Q  
A C = C F T / ( 5 9 9 . * D E T )
A S = 2 . * S F T / ( ( l . - P ) * 5 9 9 . )
F I = A T A N 2 < A S , A C )
A = S Q R T ( A C * A C + A S * A S )
A = A * D E L / ( 2 . * S I N ( D E L / 2 . ))
R M S = S O R T ( ( S U M S Q  - A C * C F T - A S * S F T )/ 5 9 9 .  )
O F F S  t T = (S A V G - G * C F T / D E T ) / 5 9 9 .
A R G = B 1 * S D E C + B 2 * C D E C # C T A U + B 3
P H I  = 5 7 . 2 9 5 8 * F ‘I - 3 6 0 . * A M O D (  A R G * 1 .  )

C O R R E C T  F O R  R E F R A C T I O N  A N D  F R I N G E  R A T E  C H A N G E

S H A  = S I N ( H A )
C H A  = C O S ( H A )
C O S Z  = 0 . 6 2 1 5 2 4 4 * S D E C  + 0 . 7 8 3 3 9 4 8 * C D E C # C H A
C O S P  = ( C . 7 8 3 3 9 4 8 * S D E C - 0 . 6 2 1 5 2 4 4 * C D E C * C H A ) * C O S A + C D E C * S H A * S I N A  
P H I  = PH I + D P H O * C O S P / ( C O S Z * C O S Z )  + 4 . 2 8 3 6 8 2 5 E - 4  * B 2 * C D E C * C T A U  

1 + 0 . 0  0 0  3 2 8 9 * C D E C * S H A # A R G  
P H I  = P HI  - D P H I / C O S Z  

1 5 0 3  I F ( P H I  . G T . 1 8 0 . ) P H I = P H 1 - 3 6 0 .
I F (P H  I • L T . - 1 8 0 . ) P H I = P H I + 3 6 0 .



n
n

n
 

n 
n

o
n

I F ( A B S ( P H I ) . G T . 1 8 0 . ) G O  T O  1 5 0 3  

O U T P U T  O F  R E S U L T S .

H A H A  = H A / 1 5  .
C A L L  R A D O U T ( H A H A , L 1 , L 2 , Z )
H O H O = C R O / 15 .
C A L L  R A D O U T (H O H O , L l l , L 2 2 , Z Z )
A = A * G A I N  
R M S  = R M S * G A I N  
O F F S E T  = 0 F F S E T * G A I N  
I F ( I F L G W D . E Q . l )  G O T O  1 5 0 7  
W R I T E ( 6 , 1 0 1 5 ) 0 B J E C T , N , L 1 , L 2 * Z  

1 , I A G C 1, I A G C 2
1 0 1 5  F O R M A  T ( 1H ,2 H 3 C F 6 . 1 , I 5 , I 4 , I 3,

1 0 , F 1 1 . 2 , F 8 . 1 , 2 I 5 )
G O  T O  1 5 0 8

1507 W R I T E ( 6 , 5 0 1 5 ) 0 B J E C T , N , L 1 , L 2  ,Z 

1 , IA G C1 , 1AGC2

5 0 1 5  F O R M A T ( 1H , 2 H 3 C F 6 . 1 , I 5 , I 4 , I 3,
1 0 , F 1 1 . 2 , F 8 . 1 , 2 I 5 , 3 H  *)

1 5 0 8  W R I T E ( 7 , 4 0 1 5 ) O B J E C T , L I , L 2 , Z , A  
4 0 1 5  F O R M A T ( F 5 . 1 , I 4 , I 3 , F 5 . 1 , F 1 0 . 2 ,

G O  T O  L L  >( 1 5 0 4 , 1 0 1 4 )

R E D U C T I O N  C O M P L E T E .  R E T U R N  T O  S T A R T  F O R  N E X T  B L O C K  O F  D A T A ,  O R  
C A L L  E X I T  IF T A P E  IS F I N I S H E D .

1 5 0 5  W R I T E ( 6 , 2 0 1 5  ) I T A P E
2 0 1 5  F O R M A T ( 1 H 1 » 1 7 H R E D U C T I  O N  O F  T A P E 1 5 , 1 4 H  IS C O M P L E T E .  ) 

W R I T E ( 6 , 3 0 1 5 )
3 0 1 5  F O R M A T ( 1 H 1 / 1 H  )

C A L L  U N L O A D (4)
G O  T O  5 0 7  
E N D

, L 1 1 , L 2 2 , Z Z , A * P H I ,R , U , V ,R M S  *O F F S E T  

F 6 . 2 , 1 4 , I 3 , F 6 . 2  > F 9 . 1 ,F 1 1 . 2 , F 1 0 . 5 , 2 F 9 .

, L 1 1 , L 2 2 , Z Z , A , P H I , R , U , V ,R M S ,O F F S E T

F 6 . 2 , 1 4 , I 3 , F 6 . 2 , F 9 . 1 , F 1 1 . 2 , F 1 0 . 5  , 2 F 9 .

,P H  I , U » V , R M S >O F F S E T ,K D A T E , N  

F 1 0 . 3 , 2 F 8 . 0 , F 8 . 2 , F 1 1 . 2 , 1 X , 1 1 , 1 6 )



I B M A P  

*
*

F L O T

P I C K

D R O P

*

P I C K X

P I C K Y

P I C K Z

S T O P

P I C K W

F L O T
CALL- CALL FLOT(IW,DATA,IAGC1,IAGC2* IGAIN)
IW IS 6 0 1  E L E M E N T  A R R A Y  F I R S T  T W O  A R E  I G N O R E D  
D A T A  IS 5 9 9  E L E M E N T  A R R A Y
E N T R Y F L O T
S A V E 1
C L A 3 , 4 G E T  L O C A I I O N  O F  IW
A D D = 6 0 1 A D D  6 0 1
S T A P I C K S T O R E  A D D R E S S
S T A P I C K W
S T A P I C K X
S T A P I C K Y
S T A P I C K Z
C L A 4 , 4 GEI L O C A I  I O N  O h  D A  1 A
A D D = 5 9 9
S T A D R O P S I O K t  A D D K E b S
A X T 5 9 9 , 4
C A L * *  ,4 G E T  W O R D
L G R 9 S H O V E  O V E R
A N A = 0 7 7 7 7 0 0 0 0 0 B L A N K  R E S T
O R A = 0 2 1 4 0 0 0 0 0 0 0 0 0 F L O A  1
F A D = 0 2 0 0 0 0 0 0 0 0 0 0 0 N O R M A L I Z E
S T O * * , 4 S T O R E  IN D A T A
T I X P I C K , 4 , 1 D O  A G A I N
G E T  A G C S  
S T Z  
S T Z  
A X T  
A X T  
C A L  
A N A  
A D D  
S T O  
T X  I 
T I X 
A X T  
C A L  
A N A  
A D D  
S T O  
T IX 
T R A  
T I X 
A X T  
C A L  
A N A  
A D D  
S T O  
T I X 
T R A  
T I X 
T R A  
L A C  
C L A  
A R S  
S T O *
C L A  
A R S  
S T O *
A X T  
C L A

I A G C 1  
I A G C 2  
3 9 9 , 4
9 . 1  
* * , 4  
S I V  
I A G C 2  
I A G C 2  
* + l , 4 , - l  
P I C K X , 1 ,1
10.1
* * , 4  2
S I V  2
I A G C 1  2
I A G C 1  2
*+  2 , 4 , 1  1 

S T O P
P I C K Y , 1 , 1  1
10 , 1  

, 4
SI V

IAGC2

IAGC2

* + 2 , 4 , 1

STOP

P I C K Z , 1 , 1  

PICKY-1 

F L O T , 4 

I AGC1 

12
4.4
I AGC2 

12
5 .4  

5 9 9 , 1  
**, 1



S S P
A R S 8
A N A = 8
S T O I A G C  1
A R S 3
A D D I A G C  1
A D D = 1
S T O * 6 * 4
R E T U R N F L O T

I A G C  1 B S S 1
I A G C 2 B S S 1
SI V O C T 7 7 7 7 0 0

E N D



$ I B M A P  
*

•*

O D D B I T

*

C N V

*

F C N V

S I V
W O R K
P R O D

F C N V
C A L L -
P M C

C A L L  F C N V ( I W D  * I F R E Q )

E N T R Y F C N V C O N V E R T S  F R E Q U E N C Y  W O R D

M A C R O S I V G E T S  T H E  U N C O N V E N T I O N A L  D I G I T S
A N A = 0 3 0 3 G E T S  T H E  B I T S  Y O U  W A N T
L R S 2 P U T S  L O W  O R D E R  IN M Q
A R S 4 P A R K S  H I G H  O R D E R  A T  E N D  O F  A C
L L S
E N D M

2 P U T S  A L L  IN A C

M A C R O N , O P P S H I F T S * B L A N K S * A N D  A C C U M U L A T E S
C L A W O R K G E T S  T H E  I N P U T  W O R D
A R S N P U T  D I G I T  O F  I N T E R E S T  O N  R I G H T
O P P S I V B L A N K S  U N W A N T E D  B I T S
L R S 3
A D D P R O D M U L T I P L I E S
L L S 3 B Y T E N
A D D P R O D A N D
A D D P R O D A C C U M U L A T E S
S T O P R O D
E N D M C N V

S A V E N O W  G E T  T O  W O R K
C L A * 3 * 4 I N P U T  W O R D
S T O W O R K I N P U T  W O R D
S T Z P R O D C L E A R  W O R K I N G  S P A C E
C N V 16 * O D D B I T M O S T  S I G N I F I C A N T  D I G I T
C N V 4 > O D D B I T O T H E R  H I D D E N  D I G I T
C N V 30 * A N A H U N D R E D  T H O U S A N D S  D I G I T
C N V 2 4 * A N A T E N  T H O U S A N D S  D I G I T
C N V 18 * A N A T H O U S A N D S  D I G I T
C N V 12 >A N A H U N D R E D S  D I G I T
C N V 6 , A N A T E N S
C N V 0 > A N A TIHAT-S A L L , F O L K S .
C L A P R O D G E T  T H A T  A N S W E R
S T O * 4 * 4 P U T  IT A W A Y
R E T U R N F C N V A N D  G O  H O M E
O C T 17 M A S K  F O R  4 B I T  B C D
B S S 1 H O M E  O F  I N P U T  W O R D
B S S
E N D

1 A C C U M U L A T E  C O N V E R T E D  N U M B E R



ie; a p r.SP

C A L L - C A L L  B S P (N * T A P E N O
E N T R Y B S P

B S P S A V E 1 * 2 * 4
C L A * 3 * 4
P A X *1
C L A * 4 * 4
P A C *2
T X L N O P ,2 * T P

B S P W T C O A *

B S R X > 2
T IX B S P W * 1,1
T C O A *

N O P R E T U R N B S P
TP O C T 7 7 7 7 3
X B O O L

E N D
1 2 2 0

S A V E  R E G I S T E R S
G E T  N U M B E R  O F  R E C O R D S
XI
G E T  T A P E  N U M B E R  
X2
T A P E N O  M U S T  B E  L E S S  T H A N  5 O R  G O  H O M E  
D E L A Y

D O  A G A I N
M A K E  S U R E  I T S  D O N E  
G O  H O M E
C O M P L E M E N T  O F  5



S I b F T C  RADI D E C K , LI ST
SUE3R0UT IN E R A D I  ( R A  , D E C  , A L P H  ,D E L T  )
F = 0.
A N G L E = R A

9 0 0 1  J D E G = A N G L E / 1 0 0 0 0 .
F D E G = J D E G
J'ViIN = A N G L E / 1 0 0 .
F M I N = J M I N - 1 0 0 * J D E G
R A D S  = ( A N G L E - 4 0 .  * F M  IN-6400.* * F D E G )  /2 0 6 2  64 . 
I F (F . N E . 0 • ) G O  T O  9 0 0 2  
A L P H = 1 3 . * R A D S  
F = 1 •
A N G L  E = D E C
I F ( D E C . G E . O . ) G O  T O  9 0 0 1  
F = - 1 .
A N G L E = - A N G L E  
G O  T O 9 0 0 1

9 0 0 2  D E L T = F * R A D S  
R E T U R N
E N D



i l d h T C  R A D 2 D E C K  »LI S T
S U B R O U T  I ME RAD2 (NS * N 1 * N2 *N3 *N4 * N5 » N6 »DECRAD)
D E C R A D = 3 6  0 0 0 * N 1 + 3 6 0 0 * N 2 + 6 0 0 * N 3 + 6 0 * N 4 + 1 0 * N 5 + N 6
D E C R A D = D E C R A D / 2 0 6 2 6 4 . 6 0 6
I F ( N S . N E . O ) D E C R A D = - D E C R A D
R E T U R N
E N D



Sl tifTC N A D  3 D E C K ,  LI ST
S U B R C U T  INF R A D 3 (N O ,N 1 »N 2 , N 3 , N 4 ,N 5 ,N 6 ,R A R A D )
■ R A R A D = 3 6 0  000#NO+36000*N1+6000*N2+600*N3+100*N4+10*N5+N6
R A R A D = R A R A D / 1 3  7 5 0 9 . 8 7
R E T U R N
E N D



$ I B F T C  R A D 4  D E C K  > LI ST
S U B R O U T I N E  R A D 4 ( N S » N 1 > N 2 ,N 3 » N 4 ,N 5 >N 6 »H A R A D )
H A R A D  = 360C()*N1 + 6 0 0 0 * N 2  + 6 0 0 * N 3  + 1 0 0 # N 4 + 1 0 * N 5  + N 6
H A R A D = H A R A D / 1 3 7 5 3 9 . 8 7
I F ( N S . N E . 0 ) H A R A D = - H A R A D
R E T U R N
E N D



S I B F T C  R A D O U T  D E C K , L I S T
S U B R O U T I N E  R A D O U T (R A D » N D , N M , F S )
N D = 5 7 . 2 9 5 7 8 * R A D
N M = 3 4 3 7 . 7 4 6 8 * R A D
F S = 2  0 6 2 6 4 . 8  0 6 * R A D - 6 0 . * F L G A T ( N M )
N M = N M - 6 C * N D
I F ( R A D . G E . O . ) G O  T O  9 0 1 1  
N M = - N M  
F S = - F S

9 0 1 1  R E T U R N  
E N D



$ I 8 M A P

B C D C N V

F I N I S H
S I B S Y S

B C D C N V
C A L L - C A L L  B C D C N V ( N N O S , N S , N O , N 1 , N 2 , N 3 , N 4 , N
E N T R Y B C D C N V
S A V E
C A L * 3 , 4 G E T  I N P U T  W O R D
L G R 35 P U T  A L L  B U T  S I G N  IN M Q
S T O * 4 , 4 S T O R E  S I G N
P X A C L E A R  A C
L G L 5 F I R S T  D I G I T  A F T E R  S I G N
S T O * 6 , 4 IS T H E  T H I R D  O U T P U T
P X  A
L G L 2 T H E  F I R S T  T W O  B I T S  O F
S T O * 5 , 4 A R E  T H E  S E C O N D  O U T P U T
P X A
L G L 4 T H E  L A S T  F O U R  B I T S  OF
S T O * 7 , 4 A R E  T H E  F O U R T H  O U T P U T
P X  A
L G L 6 T H E  R E S T  O F  T H E  D I G I T S
S T O * 8 , 4 A R E  T A K E N  E N T I R E
P X  A A N D  P U T  IN O U T P U T S
L G L 6 IN O R D E R
S T O * 9 , 4
P X A
L G L 6
S T O * 1 0 , 4
P X A
L G L 6
S T O # 1 1 , 4
P X  A
R E T U R N B C D C N V
E N D



$ I B M A P  
#

N O C N V

THOS 

HUNS 
T E i'i S 

UNI T •

N O C N V
C A L L - C A L L  N O C N V ( N N O S * N S I D * N S C A N * N R E C )
E N T R Y N O C N V
S A V E S A V E  R E G I S T E R S
C A L * 3 * 4 G E T  N N O S
L G R 35 P U T  A L L  B U T  S I G N  IN M Q
S T O * 4 * 4 S T O R E  S I G N
P X A C L E A R  A C
L G L 5 L E F T  D I G I T
S T O T H O S
P X A C L E A R  A C
L G L 6 H U N D R E D S  D I G I T
S T O H U N S
P X A C L E A R  A C
L G L 6 T E N S  D I G I T
S T O T E N S
P X A O N C E  M O R E
L G L 6 U N I T S  D I G I T
S T O U N I T S
P X A C L E A R  L A S T  O F  S C A N  N U M B E R  F R O M
L G L 12 B R I N G  IN R E C O R D  N U M B E R
S T O * 6 * 4 S T O R E  R E C  N O
L D Q T E N S
M P Y = 10 I A M  M O W
S T O T E N S C O N V E R T I N G
l DQ H U N S T H E  B C D
i-'iP Y = 1 0 0 T O  B I N A R Y
S T Q H U N S
L D Q T H O S
f/oy = 1 0 0 0
L L S 35 P U T  T H O S A N D S  IN A C
A D D H U N S
A D D T E N S
A D D U N I T S N O W  I H A V E  T H E  S C A N  N U M B E R *
S T O * 5 * 4 W H I C H  I S T O R E
- - T U R N N O C N V
;SS 1
K S S 1
b S S 1
B S S
E N D

1



S I B M A P  S U M S
* S U M S  - D A T A  P O I N T S  S U M M A T I O N ,  E T C • R O U T I N E
#

* C A L L  - C A L L  S U M S (C D E L *S D E L ,D A T A , C F T ,S F T ,S A V G ,S U M S Q )
*

E N T R Y  S U M S
S U M S  S A V E  1 , 2 , 4

L A C  S U M S , 4
S T Z  S S Q
S T Z *  7 , 4
C L A  4 , 4
A D D  T A G 01
S T O  D A T A  1
C L A  4 , 4
A D D  T A G 0 2
S T O  D A T A 2
A X T  5 9 9 , 1

S 0 0 3 4  C L A *  7 , 4
F A D *  D A T A 1
S T O *  7 , 4
L D Q *  D A T A  1
F M P *  D A T A  1
F A D  S S Q
S T O  S S Q
T I X  S O 0 3 4 , 1 , 1
C L A *  7 , 4
F D P  L I T 0 4
S T Q  A V G
L D Q1 * 7 9 4
F M P  A V G
F S B  S S Q
C H S
S T O * 8 ,4 S U M S Q  = S S Q - A V G * S A V G
A X T 3 C C »1
C L A * D A T A  1
F S B A V G
S T O * 5 , 4 C F T  = (D A T A + 2 9 9 ) - A V G
S T Z * 6 , 4 S F T  = 0
C L A L I TO 1
S T O C C = 1.
S T Z S S = 0
C L A A V G
F A D A V G
S T O A V 2 A V 2  = 2 • * A V G
A X T 2 9 9 , 1
A X T 0 , 2

S 0 0 3 6  C L A C
S T O Cl
L D Q s
F M P * 3 , 4 S * S D E L
S T O D O  + 2
L D Q * 2 , 4
F M P C C * C D E L
F S B DO + 2
S T O C C = C * C D E L - S * S D E L
L D Q Cl
F M P * 3 , 4 C 1 * S D E L
S T O DO + 2
L D Q S
F M P * 2 , 4 S * C D E L
F A D DO + 2

P I C K  U P  C O M P L .  O F  L O C .  T S L + 1  
C L E A R  W O R K I N G  C E L L S  
( 7 , 4  = S A V G )
P I C K  U P  L O C  O F  D A T A  B L O C K
I N S E R T  IR 1 T A G ,  U P  A D D R E S S  B Y  5 9 9
S T O R E  O F F  A S  R E F E R E N C E  C E L L
L O C .  O F  D A T A  B L O C K  A G A I N
I N S E R T  IR 2 T A G ,  U P  A D D R E S S  B Y  2 9 6
S T O R E  O F F  A S  R E F E R E N C E  C E L L

(S A V G )

S A V G  = S U M  O F D A T A  P O I N T S

S S Q  = S U M  O F  S Q U A R E S  O F  D A T A  P O I N T S  

( S A V G )

A V G  = S A V G / 5 9 9 •



STO c S = S * C D c L + C 1 * S D L L
C L A * DAT A2
FA D* DATA1
FSB AV2
STO DO D A T A ( 1 ) + D A T A (J )- A V2
LDQ DO
FMP C
F A D * 5 9 4
S T O * 5,4 CFT = CFT + C * ( D A T A (1)+ DAT A (J )
CL A* DA TA  1
F S o * DAT A2
STO DO DAT A (J )- D A T  A (1 )
LDQ DO
F MP S
F AD * 6,4
S T O * 6, 4 SFT = SFT + S * ( D A T A (J )- D A T A ( I )
T X I * + 1 , 2 , 1 P IC K UP D A T A ( I ) F R O M + 298 TO
T I X S 0 0 3 6  »1 ,1 PICK  UP DA T A ( J ) F R O M + 300 TO
R E T U R N SUM S

c PZE W O R K I N G  C E L L
Cl PZE W O R K I N G  C EL L
s PZE *>r ->r W O R K I N G  C E L L
A V G PZE *?c *X" A V E R A G E  OF DAT A P 0 I N TS
A V 2 PZE -:<■ -x- S Q U A R E  OF AVG
S S Q PZE -X- Of SUM  OF S Q U A R E S
D A T A 1 PZE XX D A T A (J )
D A T  A 2 p z : *;r 3c D A T A ( I )
T AG 0 1 PZE 599 ,1 D U M M Y  DA T A ( J )  REF.
T A G 0 2 p / 298 ,2 D U M M Y  DA T A ( I )  REF.
LI TGI c C 1.
LIT 0 4 DEC 5 99.

EVEN
DO ESS 4 W O R K I N G  S T O R A G E FOR FP f\ U ;bE

END



$*

$ 1 B M A P  

*

*

*
*

#

*
a

«•

-r-

•»

a-

*

*

R T B  A 
B S R A

T R E A D
T R S K I P

T R T C O

R U N  ID
T R E A D
PMC

T R E A D  -

E 1 5 7 5

6 0 2 - W 0 R D  B I N A R Y  T A P E  R E A D  R O U T I N E  F O R  C H A N N E L  A

T R R T N

TRP.ET

M O D I F I E D  M A R  12 1 9 6 5 B Y  B C L A R K

C A L L  - C A L L  T R E A D ( T A P E N O , B U F F E R * F L A G W C . N O W R O S )

F L A G W D  W I L L  B E S E T  F R O M  0 T O  15. T H E  4 L O W - O R :
H A V E  T H E  F O L L O W I N G  S I G N I F I C A N C E  -

0 -  R E C O R D  H A S B E E N  R E A D ,  N O  P R O B L E M S
1 -  R E C O R D  H A S P E R S I S T E N T  R E D U N D A N C Y  F A I L U R E  C
2 -  R E C O R D  IS E N D - O F - F I L E
4 - R E C O R D  IS E N D - O F - T A P E
8 -  P E R S I S T E N T 1 - 0  C H E C K

C P D 0 7 6 2 0 0 0 0 1 2 2 0 , * , 1 , 2 , 0
G P D 0 7 6 4 0 0 0 0 1 2 2 0 , * , 1 , 2 , 0
E N T R Y T R E A D
S A V E 1 » 2
L A C T R E A D , 4
E N 8 =  0
S T Z * 4 , 4 R E S E T  F L A G  W O R D
C L A 3 , 4 P I C K  U P  S T A R T I N G  L O C A T I O N  !
O R A T R D C C B U I L D  D A T A  C H A N N E L  C O M M A N D
S T Q T R C M D
C L A * 2 , 4 P I C K  U P  T A P E  N U M B E R
P A C 0 , 1 C O M P L .  I N T O  IR 1
A X T Y , 2 L O A D  I N D E X  F O R  T I M I N G  D E L A Y
T C O A * D E L A Y  IF IN O P E R A T I O N
S E N X , 1 C H E C K  U P  O N  T A P E  U N + T
R C H A T R S E N C H A N N E L  C O M M A N D  F O R  S E N S
C A L T R S E N S S T A T U S  W O R D
A R S 3 0 G E T  S I G N  B I T  O U T  IN T H E  O P E N
A N A = 0 7 6 G E T  S T A T U S  I N F O - M A T + O N
T Z E > + 3 A L L  C L E A R
TI X T R T C O + 1 , 2 , 1 U N I T  N O T  R E A D Y
T R A T R R E D Y A N D  I S N T  G E T T I N G  R E A D Y
R T B  A 0 , 1 R E A D  S E L E C T  A P P R O P R I A T E  81
R C H A T R C M D C A L L  F O R  I N P U T
T C O A -a- D E L A Y  T I L  C H A N N E L  IS F R E E
S C H A T R C N T
T C O A ■»

T R C A T R  E R R T E S T  F O R  R E D U N D A N C Y  C H E C K
C L A * 4 , 4 N O ,  P I C K  U P  F L A G  W O R D
T E F A * +  2 T E S T  F O R  E N D - O F - F I L E
T R A * + 2 N O
G R A T R C 0 2 Y E S ,  S E T  E - O - F  F L A G
E T T A T E S T  F O R  E N D - O F - T A P E
O R A T R 0 0 4 Y E S ,  S E T  E - O - T  F L A G
S T O * 4 , 4 N O ,  R E P L A C E  F L A G  W O R D
I O T
T R A T R E R R 2
C L A T R 0 0 3
S T O T R R P T R E S E T  T A P E  R E R E A D  C O U N T E R
S T O T R R P T 2
E N B T R R E N
C L A T R C N T
A R S 18
A N A T R S I V
C H S
A D D =  6 0 2
S T O * 5 , 4
R E T U R N T R E A D R E T U R N

I T S

R E R E A D S )

O F  B U F F E R

T A P E



T R E R R L X A T R R P T , 2 P I C K  U P  R E P E A T  C O U N T E R
T N X T R E R 3 , 2 , 1 T E S T  IF 3 R E R E A D  A T T E M P T S
SX A T R R P T , 2 N O
B S R  A 0 , 1 B A C K S P A C E  T A P E
T R A T R T C O G O  TO D E L A Y  A N D  R E R E A D

T R E R 3 C L A T R O O l 3 R E R E A D  F A I L U R E S
S T O * 4 , 4 S E T  R E D U N D A N C Y  F L A G
T R A T R R T N G O  T O  T E S T  F O R  E N D  C O N D I T S

T R E R R 2 L X A  
T N X  
SX A 
B S R A  
T R A

T R R P T 2 ,2 
T R E R 4 , 2 , I  
T R R P T 2 ,2 
0 , 1  
T R T C O

T R £ R 4 C L A
C R A *
S T O
T R A

T R 0 0 8
4 . 4
4 . 4  
T R R E T

T R R E D Y T S L  
TXI 
SCI 
P Z E  
P Z E

T Y P E  
* + 4  ? 0 ,2 
1 , T R R E D  
T R O O l  
T R M S G

T E L L  O P E R A T O R  U N R E A D Y  T A P E

T R A T R T C O S E E  IF O P E R A T O R  H E L P E D  A N Y

T R O O l P Z E 1 R C D U N C Y  F L A G
T R 0 0 2 P Z E 2 E N D - 0 F - F E L E  F L A G
T R 0 0 3 P Z E 3 F O R  R E S E T T I N G  T A P E  R E R E A D  «
TR 0 0 4 P Z E 4 E N D - Q F - T A P t  F L A G

T R 0 0 8 P Z E 8
T R C M D P Z E C O N S T R U C T E D  D A T A  C H A N N E L  Cl
T R C C C P T H * * t 0 t6 0 2 D U M M Y  6 0 2 - W 0 R D  D A T A  C H A N N E .
T R R P T P Z E 3 R E P E A T  C O U N T E R  F O R  T A P E  RE!

T R R P T 2 P Z E 3
T R C N T 8 S S 1
T R S I V O C T 7 7 7 7
T R R E N O C T 0 0 0 0 0 1 0 0 0 0 0 1 R E E N A B L E  T R A P S
T R S E N I O R D T R S E N S ,  , 1 C H A N N E L  C O M M A N D  F O R  S E N S
T R S E N S B S S 1 L O C A T I O N  O F  S E N S  D A T A
T R M S G B C  I 

O C T
E X T E R N

7 v T AP E M O T  R E A D Y .  P R E S S  S T A R T  W H E N  R E A D Y .  
7 7 7 7 7 7 7 7 7 7 7 7
T Y P E

X B O O L 1 2 2 0
Y B O O L

E N D
7 7 7 7 7

A N D  R E T U R N

QMMAr.O 

L C O K K A N D


