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This memo describes all known errors in the integration 
system. Some data may require reprocessing. All these problems 
have been corrected and do not apply to future observations. 

1. Receiver C outputs prior to December 3, 1968 were incorrect 
due to an error in the on-line program. There are errors 
in spectral shapes and frequency scale which depend on 

the shape of the spectra. All such outputs can be corrected 
by re-running the AC4141 output tape through a special 
version of AC4142 (which is called CCC4142A and which 
will not be put in the library). 

2. In version 44/3 of AC4141 and possibly in version 44/2 
of AC4141, there was an error in the power counter plot 
for receiver C for the series configuration of the auto- 
correlator. The power counter plot for receiver C dis¬ 

played receiver B's output. This means that values and 
plots given for reference power, difference power, and 
gain for receiver C are meaningless. 

The 9-track output tape of AC4141 was not affected by 
the error. The error has now been corrected; the corrected 

version is called NRAO 44/4. It has been in use since 

January 2, 1969. 

3. The temperature calibration in AC4142A was sometimes 
incorrect, depending on how the receiver was used. The 

error affects channels 193-384 of the serial operation of 
receiver A. The error was corrected on December 10, 1968 
and the new version is called NRAO 49/A2. 

Many observations done in the serial mode of operation do 

not require reprocessing. This occurs if the IF cables 
were connected to both the A and B filter banks. (This 
has usually been the case). It can be easily seen if this 

is the case from a comparison of the outputs of AC4141 
and AC4142. 



INTEGRATION SYSTEM OF COMPUTER PROGRAMS 

FOR THE 413-CHANNEL AUTOCORRELATION RECEIVER 

TABLE OF CONTENTS 

Page 

I. Introduction   1 
II. On-Line Computer Program   2 

III. Program I  14 
IV. Program II  22 
V. Program III 28 
VI. Additional Information 3 0 

Velocity Calculation 3 0 
Polarization Switching  32 
Temperature Calibration 34 

Appendix A - Input Program 1 36 
Appendix B - Input Program II 38 

Error Messages  46 
Appendix C - Output Program 1 62 
Appendix D - Output Program II 63 
Appendix E - Output On-Line Programs 64 
Appendix F - On-Line Program Flowchart 66 
Appendix G - Program I Flowchart 6 7 
Appendix H - Program II Flowchart  .68 
Appendix I - Program III Flowchart  69 
Appendix J - Telescope Tape Format  70 
Appendix K - Tape Output Format Program I  72 
Appendix L - Tape Output Format Program II a 75 
Appendix M - Memorandum From A. M. Shalloway of 5/3/68 81 
Appendix N - Input Program III   88 
Appendix O - Output Program III   96 

LIST OF FIGURES 

1 Computer System Flowchart   3 
2 Data Taking Sequence    5 
3 Options Panel     9 
4 Quantities and Printout of Program II ....25 



INTEGRATION SYSTEM OF COMPUTER PROGRAMS 

FOR THE 413-CHANNEL AUTOCORRELATION RECEIVER 

S. Farris, J. Greenhalgh, D. Vitiello 

I. Introduction 

This report describes the integration system of programs 

available for use with the 413-channel autocorrelation receiver. 

These programs are intended primarily for observations carried out 

at the 140-foot telescope during which the telescope beam tracks 

a source. 

The on-line program (AC3) runs on the DDP-116 computer at 

the telescope. Data from the autocorrelator is integrated and a 

Fourier transform is taken on-line. The spectra thus calculated 

may be stored on tape, printed, displayed on a CRT, and plotted. 

Section II of this report describes the on-line program. 

Program I (AC4141) runs on the IBM-360 computer and processes 

the tape produced by the on-line program. This program produces 

as its output a FORTRAN readable tape and a printout of selected 

useful information. It is described in Section III of this report. 

Program II (AC4142A or AC4142B), which is described in Sec¬ 

tion IV, also runs on the IBM-360 computer. It processes the tape 

output of Program I, together with a deck of cards which contain 

editing information. Temperature calibrations and velocity calcu¬ 

lations are carried out at this stage. An output tape is produced 

for further processing and generally contains one 413 point spectrum 

for each complete observation. 
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Program III (AC4143A or AC4143B), which is described in 

Section V, processes the output tape produced by Program II. It 

is used to average several observations together and to subtract 

off measurements from on measurements. 

Section VI contains discussions of several unrelated topics 

not covered elsewhere which are important in the use of the receiver 

and computer. 

Figure 1 is a system flowchart showing the various programs, 

their inputs and outputs. 

II. On-Line Computer Program 

A. General 

The on-line computer program accepts inputs from the tele¬ 

scope, autocorrelation receiver, teletype and operator control 

panel. Several types of output are provided. A magnetic tape 

is recorded for further off-line processing and contains spectra 

for each integration period. On-line outputs, which do not affect 

the data recorded on magnetic tape, include CRT displays, printed 

outputs and plotted outputs. In addition, a log of various 

messages is maintained on a teletype output. 

B. Integration 

The autocorrelation receiver integrates for 10 seconds 

before transferring data to the computer. The computer provides 

two additional forms of integration: 

1. Integration period - A series of 10 second outputs 

are integrated in the computer. The operator selects the integration 
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period by setting a four digit digi-switch register. Values 

for the integration period may range from 40 seconds to 15 minutes. 

A value of 1 minute is recommended for two reasons. First, the 

editing of individual records during off-line processing can re¬ 

cover useful output if only a few output records are suspect (e.g., 

interference, brief equipment malfunction, etc.). Second, at the 

10 Mc bandwidth, under usual conditions, the receiver noise is 

equal to the low order bit of the signal power counters recorded 

on tape after approximately one minute. After each integration 

period the spectra may be recorded on tape and displayed on the 

CRT. Computer integration for the integration period consists 

of adding data from the autocorrelator. 

2. Scan integration - The inappropriate term "scan" is 

used to denote a complete observation (i.e., a series of integra¬ 

tion periods on the same source). The start and stop of a scan 

are controlled by the operator through the control panel. The 

"scan number" is used to identify all records made for that obser¬ 

vation. The spectra for each integration period within the scan 

are added into a set of accumulator arrays in the computer memory. 

These arrays are not recorded on tape but may be used to produce 

various on-line outputs. 

C. Data taking sequence 

The telescope operator determines the sequence of data 

taking operations by setting various switches on the control 

panel. The sequencing is indicated in Figure 2. Three distinct 

segments of time are indicated: 
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1. Observing - During this time spectra are recorded on 

tape and displayed on the CRT for each integration period. Typi¬ 

cally the telescope tracks a source during this time. Each 

spectrum is added into an accumulator array (which is initialized 

to zero at the start of the scan). 

2. Holding - During this time the accumulator arrays contain 

the integrated spectra produced during the previous observation. 

The operator may obtain several types of output on the CRT, printer, 

and plotter. 

3. Idling - During this time spectra for alternate 10 second 

outputs of the autocorrelator are produced. They can be displayed 

on the CRT and various printed outputs can be obtained. Such 

spectra can be used to set up equipment for the next observation. 

Alternate 10 second outputs are bypassed to aid in equipment de¬ 

bugging procedures. 

D. Spectral Calculations 

The calculation of spectra has been described in another 

report (NRAO Electronics Division Internal Report, no. 75) . To 

summarize, the following steps are used for each spectrum: 

1. normalization 

2. clipping correction 

3. Fourier transform 

Spectra which are inverted in the IF system are re-inverted in 

the computer. The inversion is done in a way which keeps the 
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center frequency for the band in the same channel for different 

bandwidths (97, 193, or halfway between 15 and 16, depending on 

the receiver configuration).* 

E♦ On-Line Outputs 

1. Two types of spectral output are provided: Fourier 

transforms (for signal and reference) and quotients (see NRAO 

Electronics Division Internal Report No. 75). The Fourier trans¬ 

forms are normalized so that the average spectral value equals 1. 

Thus the units generally range from 0 to 1.5. The Fourier trans¬ 

form for signal gives the receiver bandpass plus any spectral 

features in the signal band. The Fourier transform for reference 

usually gives the receiver bandpass. 

2. Tape output is given at the end of each integration 

period while observing. The output tape format is listed in 

Appendix J. Both signal and reference spectra are recorded in 

double precision (30 bits). Identification information is output 

with the spectra. Sidereal time, indicated right ascension and 

indicated declination are referred to the center of the integration 

period. Three power counter values are recorded for each receiver: 

the average signal power counter with the noise tube on, the average 

signal power counter with the noise tube off, and the average 

^Channel numbers are assumed to start with 1. Prior to 
September 1, 1968 a different convention was used. This was 
described in a memo. 
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reference power counter. Receiver controls and local oscillator 

settings are also entered in the record. Since only one local 

oscillator has output lines to the computer, the identification 

of observing frequency for all possible receiver configurations 

is ambiguous. Special card inputs are required for later processing. 

3. CRT outputs are chosen by setting the CRT selector switch 

on the options panel (see Figure 3). A CRT display is produced 

automatically at the end of each integration period (while observing) 

and at the end of each 20 second data cycle (while idling). The 

display may be renewed or a different option chosen and displayed 

at any time by pressing the CRT "renew" command button. The option 

selector switch may be set to the following: 

a. REF - The Fourier transforms for reference spectra 

are displayed. The transforms are the result of the integration 

for the previous integration period (while observing) or of a 

10-second autocorrelator output (while idling). While holding, 

the most recent integration period is displayed. This display 

is on a fixed scale of .2 units/cm. 

b. SIG - The Fourier transforms of the signal spectra 

are displayed. The integration times and scale are the same as 

for REF. 

c. QUOT - Quotients of (SIG-REF)/REF are displayed. 

The integration times are the same as for REF. The scale for the 

display is chosen through the teletype. 
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d. INT QUOT - The integrated signal and reference 

spectra are used to calculate quotients. While observing the most 

recent integrated spectra are used (e.g., if a 1 minute integration 

period is in use, the output 1 minute after the scan starts is 

for the first minute. The output 2 minutes after the scan starts 

is for the first two minutes, etc.). The scale for the display 

is chosen through the teletype. While holding, the integrated 

reference and signal spectra for the entire scan are used. 

4. Printer outputs are chosen by setting the print selector 

switch on the options panel. A printout is started by pressing 

the "print" command button. The option selector switch may be 

set to the following: 

a. INT REF - The Fourier transforms for the accumulated* 

reference spectra are printed. They are printed in tables with 

channel numbers ranging 1-29, 1-192, or 1-384. 

b. INT QUOT - Quotients of the accumulated* signal 

and reference spectra are printed. 

c. RAW DATA - This option is intended as an equipment 

debugging aid. The printout consists of all counter data from 

the autocorrelator printed in decimal. Control words are printed 

in binary. When used while idling, this option can be used to 

cause the printout of the data from the autocorrelator which 

*accumulated since the start of the scan 
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caused a given spectrum on the CRT display. The print command 

button should be pressed within 5 seconds after the display is 

complete. Initiation of printing causes the normal sequencing to 

be interrupted and the hold sequence is entered. Thus additional 

displays and printouts can be obtained for the same set of data. 

Examples and descriptions of printed output are contained 

in Appendix E. 

5. Plotter outputs are chosen by setting the plotter 

selector switch on the options panel. A plot is started by 

pressing the "plot" command button. Plotting should be done while 

holding. The option selector switch may be set as follows: 

a. INT QUOT - Quotients of the accumulated* signal 

and reference spectra are plotted. The scale is chosen on the 

teletype. The output is a permanent record of the equivalent 

display on the CRT. 

b. INT REF - The accumulated* reference spectra are 

plotted. The scale is fixed and the output provides a permanent 

record of the bandpass spectra. 

F. Setting the scale for the CRT and plotter 

Typing "G" on the teletype at any time causes the computer 

to interrogate the operator and allow entry of a scale for CRT 

displays and plots of quotients. The operator types in a scale 

*accumulated during the previous scan 
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in units/cm as desired for the CRT display. The plotted outputs 

are on an equivalent scale in units/inch. 

G. Data validity checks 

As data is transferred between the autocorrelator and 

computer, checks are made to insure the validity of the transfers. 

An error message is typed on the teletype if any problem is de¬ 

tected and, if observing, the scan is discontinued. 

The data cycle is checked to insure proper modulation of 

the signal spectrum by the noise tube. The series/parallel con¬ 

trol and bandwidths are checked from one 10 second period to the 

next to insure no change occurs. Errors of this type while observing 

cause a message to be typed out and the observation is terminated. 

Various receiver controls are checked for appropriate 

settings: 

1. switch rate and duty cycle - must be in one of the 

50/50 positions 

2. dump time - must be 10 seconds 

3. clipper test signal - all 3 switches must be in normal 

4. front end switch - must be locked signal or modulated 

normal 

5. noise tube mode - must be interrupted modulation normal 

6. noise tube duty cycle - must be 50/50 

Appropriate error messages are typed for each of the above 

error conditions. These will be described in the future. 
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H- Operating considerations 

The program is loaded from tape or cards according to the 

usual bootstrap procedures. The program may be restarted in the 

usual way. Tapes should be initialized and terminated by typing 

the control characters E, C, and L as usual. Observer identifi¬ 

cation should be entered by typing S and alphanumeric comments 

should be typed to identify the source (this documents later 

program outputs). Descriptions of these points are contained 

in the operator instruction book at the telescope. 

Releasing arrays to enter the idling mode is accomplished 

by pressing the "release" command button on the options panel. 

The arrays do not have to be released between scans unless the 

idling mode is to be used. 

Printed outputs at the end of a scan for integrated reference 

and quotients must be initiated after all calculations are complete. 

This does not occur for approximately 7 seconds after the scan 

is finished. When the CRT display for the last integration begins, 

the calculations are complete. 

The CRT and plotter share some hardware so that these 

outputs are mutually exclusive. At the end of a scan, plotted 

outputs should be obtained only after the CRT display for the 

last integration period is complete. Plotted output is similar 

to equivalent CRT displays. Only the size of the plots is changed. 

Thus the CRT may be used to set up for a plot. 
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III. Program I 

General 

1 
AC4141 (NRAO 44/2 in the NRAO library) gives a standard 

header, power counters plot, tape and data error messages, average 

quotients telescope tape index, and a labeled 9-track FORTRAN readable 

output tape. 

Scan Heading^ 

The scan heading is printed at the start of every scan. Some 

of the quantities are explained by their labels and others are ex¬ 

plained in J. P. Greenhalgh's memo dated March 5, 1968 and in A. M. 

Shalloway's memo dated May 3, 1968. A copy of these memos is included 

in appendices J and M respectively. 

PARALLEL OPERATION indicates the parallel configuration of 

the autocorrelator with receivers A and B having 192 channels each 

and receiver C having 29 channels. SERIES OPERATION indicates the 

series configuration of the autocorrelator with receiver A having 

384 channels and receiver C having 29 channels. 

TYPE OF OBSERVATION with code number 12 indicates that the 

data on the telescope tape is data for the integration system. It 

is important to note that this program will not process data that 

has a code number different from 12. This means that if any other 

"'"Meaning of the name: AC4 = 413 channel A/C receiver, 

14 = 140' telescope, 1 = Program I. 

2 
The term 'scan' as defined in Section II, B2 of this report. 
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data is on the same tape with integration system data, it will not 

be processed or written on the output tape. 

The following table shows units used for various items: 

L 0 FREQ . . .MHZ ..oMHZ o..MHZ 

BANDWIDTH ...KHZ ...KHZ ...KHZ 

ATTENUATOR . . .DB . . .DB . . .DB 

NOISE TUBE . . oK . . .K . . .K 

GAIN MOD o o • 

CLIPPER 

The first number in the L 0 FREQ line is the local oscillator 

frequency which is used in AC4142 (section VI, A) for the radial 

velocity calculation. The other two numbers are printed here for 

documentation. If there is a local oscillator frequency where 

one or more of the decimal numbers on the telescope tape cannot 

be translated into a binary number, the program will print out the 

message *****UOTRANSLATABLE L 0 FREQUENCIES***** and then list the 

record numbers of the incorrect L 0 frequencies. When this occurs, 

it is important that the user supply correction cards to the next 

program for the incorrect L. 0. frequencies. 

BANDWIDTH and ATTENUATOR values are the bandwidth and attenu¬ 

ator values of receivers A, B, and C. For series operations re¬ 

ceiver B will have the same value as receiver A. 

NOISE TUBE is the noise tube values in degrees Kelvin for 

receivers A, B, and C as read into the program from a control card. 
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These values are fixed for the entire run. This means that if the 

noise tube value should change during the creation of a telescope 

tape, it will be necessary to supply change cards to the next program 

to alter the noise tube value in the appropriate scan or scans. 

GAIN MOD and CLIPPER values are code numbers for receivers 

A, B and word A, B, C that are defined in Shalloway's memo in appen¬ 

dix M. Other code numbers that are defined in Shalloway's memo have 

the following labels: 

SENSE SWITCH 

FRONT END SWITCH 

DIGITAL TEST SIGNAL .. 

NOISE TUBE MODE 

SWITCH RATE AND DUTY CYCLE 

GAIN MOD AND SYN DETECTOR PHASE 

NOISE TUBE AND DUTY CYCLE 0/F IND » » 

The DUMP TIME and BLANK TIME are defined as the integration 

time in the autocorrelator and time needed to allow transient effects 

in the autocorrelator to die out. 

SAMPLE RATE is the integration period (see section II, Bl). 

An integration period is at least 40 seconds but not longer than 

15 minutes. 

Power Counter Plot 

The Power Counter Plot displays information about each record 

on the telescope tape. For a usual record, it prints record number, 



-17- 

indicated right ascension, indicated declination, from one to six 

power counter values, and a graphical display of these values. For 

an unusual record, it might print: 

1) ***** PARITY ERROR DELETED THIS RECORD ***** 

2) **** 360 OPERATOR INTERVENTION DELETED THIS TAPE ***** 

3) **** LENGTH error deleted this record ***** 

4) **** END OF FILE ***** 

Parity and length errors are telescope tape errors and when 

they occur the data in that record is skipped and the job keeps 

processing. 

360 operator intervention means something abnormal happened 

while the tape was being processed at the 36 0. When this happens, 

the job is terminated. 

END OF FILE - end of data on the telescope tape. 

The type of plots (reference power, difference power, gain), 

number of plots (<6), and scaling of each plot for both series and 

parallel operations can be specified by inputing a control card or 

by allowing the program to plot a standard number of plots (6) with 

a standard scaling (0.03). If the autocorrelator is in series opera¬ 

tion, the standard plot displayed is reference power, difference 

power and gain for receivers A and C, and if the autocorrelator is in 

parallel operation the standard type of plot displayed is reference 

power and gain for receivers A, B, and C. 

The values of reference power, difference power, and gain 

as computed in the program are defined as follows: 
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1._ Reference Power - value as given on telescope tape (CR) . 

2. Difference Power - signal with noise tube off minus 

reference power (CSF - CR). 

3. Gain - signal with noise tube on minus signal with noise 

tube off (CSN - CSF). 

The origin and width of each plot is determined by the number 

of plots to be displayed and the width of the total plot. The ex¬ 

pression used to determine the width of the total plot is: 

M = 132 - ((6*N)+26) 

where N is the number of plots desired. The position and type of 

character plotted is determined by the expression 

P(L) =(RECORD(k) - RECORD(1))*SCALE(L) + 0.5 + ORIGIN(L) 

where L=l/.../N/ K=1,...,k,...,R; R is the total number of records 

in a scan. RECORD(k) is the value of either reference power or 

difference power or gain on a particular record. The integer portion 

of P(L) is used to determine the position and type of character for 

each plot. The following chart shows how the computed value deter¬ 

mines the position and type of character used: 

L=1 L=2 L=3 L=4 L=5 L=6 
P(L)<-(L-l) + + + + + + 

-L<P(L)<1 1 4 7 A D G 

0<P(L)<(L+1) 2 5 8 B E H 

L<P(L)<(2L+1) 3 6 9 C F I 

2L<P(L) 
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As an example assume that N=6, SCALE (1)=0.3/ RECORD(2)=10072, 

RECORD(1)=10090 and ORIGIN(1)=10, then M=70/ P(l)=9. The character 

plotted would be 2 and its position would be one character to the 

left of the origin. 

The standard deviation of the power counter with noise tube 

on (CSN), the power counter with noise tube off (CSF), and the differ¬ 

ence of the power counter with the noise tube on and off (CSN - CSF) 

of each receiver is displayed under the respective headings ABC SIGMA 

CSN, ABC SIGMA CSF, and ABC SIGMA DIF. The expressions used in com¬ 

puting these quantities are: 

f1 M h 

RMSCSM(J) = — Y CSN(i7, I) - CSN(J) 
VMI=1 

  M \ 
where CSN(J) = 77 Z! CSN(J,I) is the average, 1=1,, . . . ,M M is the 

1=1 

total number of records in a scan, and J=l,2,3 indicates receivers 

A, B, C respectively. Similar expressions hold for RMSCSF(J) and 

RMSDIF(J), with CSF(J,I) and DIF(J,I) being the arguments. 

The label FACTOR is the system temperature in the signal 

band in each receiver and it is computed by using the following 

expression: 

FACTOR (J) = ■ CSN(J) + CSF(J) 

CSN(J) - CSF(J) 

where NT is the noise tube temperature in the 3 receivers 
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An estimate to the power spectrum (P) in temperature units 

over a scan can be had by multiplying FACTOR by the average quotient: 

P=Q * FACTOR. 

If NT(J)/FACTOR(J)<0.01, this indicates that there could 

be something wrong with the firing of the noise tube. When this 

occurs, a message is printed NOISE TUBE TEMP/SIGNAL TEMP =   ON 

RECEIVER X COULD HAVE AN ERROR IN NOISE TUBE TEMP. 

The AVERAGE QUOTIENT plot displays quotients plotted against 

channel number. The expression used in computing the quotient is 

1 M 

AVQ(K) = - I Q(KpI) 
1=1 

where 

nfic -n = S(K.I) - R(K.I) 0(^,1) R(K,I) 

M again is the number of records in the scan, and 10=1,2...,413 is 

the channel number. The description of the symbols used in the 

plot are described in Section IV, subsection "Plot". 

The STANDARD DEVIATION TABLE gives the standard deviation 

for each channel over a scan. The expression used in computing 

the standard deviation is 

M 2 2 
RMS (K) =|^£ Q (K,I) - AVQ(K) 

where Q, Q is the quotient and average quotient respectively with 

K=l,...413. 
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The TELESCOPE TAPE INDEX prints out summary information about 

the telescope tape. A copy of this index is kept in Charlottesville. 

Additional copies of the index are printed for each observer and 

each type of observation on the telescope tape. These additional 

copies are sent to Green Bank with the output data of AC4141 so 

the observer can have a personal record of the contents of the 

telescope tape. 
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IV. Program II 

General 

Program AC4142} using the FORTRAN readable tape produced 

by AC4141, accomplishes three main functions. First, it allows the 

user to edit the input tape in a very general fashion through input 

cards; second, it averages the power spectrum over a group of re¬ 

cords 7 and third, it performs a velocity calculation and a velocity 

correction. In the description of the on-line program and AC4141 

a complete observation is referred to as a scan and it is associated 

with a scan number. Program AC4142 multiplies this scan number 

by 10 to obtain a new number, henceforth called the observation 

number. Program AC4142 averages records with the same observation 

number. The user can change the observation number on a group of 

records, however; and in this way break up a scan or extend the 

averaging process over more than one scan. Thus a scan, consisting 

of 3 0 records, of scan number 4326 can be broken up into three 

groups of 10 records each with observation numbers 43261, 43262, 

and 43263. The input cards are described in Appendix B and the 

velocity calculation in section VI, A. A FORTRAN readable tape 

is produced containing the averaged power spectrum, the velocity 

"^There are two versions of Program II, AC4142A for non- 

polarization switching (NRAO library number NRAO 49/Al) and AC4142B 
for polarization switching (NRAO library number NRAO 49/Bl). "When 
no distinction needs to be made between the two, the name AC4142 
will be used to apply to both versions of the program. Meaning of the 
name: AC4=413 channel A/C Receiver, 14=140' Telescope, 2=Program II. 
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information, and various identifying information. The tape format 

is described in Appendix L. 

Printed Output 

The first page of printed output lists the data cards sub¬ 

mitted to AC4142. The cards are listed, single spaced, following 

the heading "123...", which gives the number of the card column. 

Any error messages encountered during the program will be 

printed after the first page. A dictionary of error messages is 

provided in Appendix B. 

The second page of output lists the observations which have 

been processed and the records written on the output tape. The 

page is printed after the input tape is processed and during the 

time when the output tape is being written. The observation 

number, the number of records within the scan of which the output 

record is the average, the total integration time in minutes, and 

the identifying remarks included by the observer at the 140 foot 

telescope at the time of observation are listed. Also listed is 

the output tape record number. At the end of the list of scans, 

information about the output tape is printed. The output tape 

record number is the relative record number of the output record 

on the output tape. The output data will be put on the same tape 

as the previous day's data and this practice will be continued until 

the entire tape is filled. (The printed material about each group 
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of averaged records begins on the the third page). The heading contains 

the observation number and identifying remarks included by the ob¬ 

server outlined so as to be readily observed. Also included in the 

heading are the number of records, the total integration time in 

minutes, the output tape record number and the output tape volume - 

serial number. 

The next section contains data from the first record in the 

observation and from the last record in the observation. The quan¬ 

tities included are listed in Figure 4. Immediately following this 

data the corrected and uncorrected velocities of the center of the 

bands are given in km/sec. The velocity is corrected by subtracting 

the average of the velocity correction at the beginning and end of 

the observation. Following these quantities is the velocity change 

per channel for the three receivers. 

The above data is followed by a plot of the average power 

spectra in temperature units. 

AC4142B 

Program AC4142B must have information about which scans are 

calibration scans. This is done by input cards. The printed output 

is similar to AC4142A. The word "calibration" or "polarization 

switching" is printed to the right of the identifying comments to 

distinguish the observations. For a calibration observation, the 

average power spectra (corresponding to signal minus reference/reference 

is plotted. 
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Figure 4 

Quantity 

Date 

Operation 

Local Sidereal Time 

Eastern Standard Time 

Indicated Right Ascension 

Indicated Declination 

Polarization Angle 

Local Oscillator Frequency 

for A and C 

Local Oscillator Frequency 

for B 

Noise Tube Temperatures 

for A/B/C 

Attenuators for A/B/C 

Bandwidths for A/B/C 

Julian Date 

Velocity Correction 

Units 

Year, Month, Day 

Series, Parallel 

Hours, Minutes, Seconds 

Hours, Minutes, Seconds 

Hours, Minutes, Seconds 

Degrees 

Degrees 

KHz 

KHz 

0K 

db 

KHz 

km/sec 
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For a polarization switching observation two quantities are plotted; 

first, the average power spectrum for signal 1 (that is, signal 1 

minus reference divided by reference) and second, the difference 

between the power spectrum for signal 1 and the power spectrum 

for signal 2 (that is signal 1 minus signal 2 divided by reference). 

Plot 

The quantity plotted in AC4142 is temperature (across the 

page) as a function of channel number (down the page). The graph 

is meant to be viewed by rotating the computer page 90° counter¬ 

clockwise. Viewed in this manner one sees that the method of plotting 

employs the symmetry between the symbols "6" and "9". Two points 

are printed in one line by printing a "9" to represent the first 

point and a "6" to represent the second. If the two points fall in 

the same print position, an "8" is printed. The values of the 

points in temperature units are printed to the left of the graph, 

the first point in the line in the column labeled "1" and the second 

point in the line in the column labeled ,l211. The resultant graph 

should be viewed by following the closed circles; that is, one should 

ignore the "tails" on the "6" and "9". By printing the graph at 

8 lines per inch the accuracy of the points is improved. The dis¬ 

tance between the center of the circles in a "9" and a "6" in the 

same line is only slightly less than the corresponding distance 

in a "6" and a "9" in adjacent lines. 
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Points which fall outside the range of the graph are treated 

in the following manner, presupposing that one is viewing the graph 

o 
by rotating the computer page 90 counterclockwise. In general, 

a vertical bar indicates the point is off scale. If the first point 

in the line is off scale a "T" is printed; if the second is off 

scale an "L" is printed. If both points in the line are off scale 

in the same direction, an "=" sign is printed. If a point in a 

line falls in the first or last print position and the other point 

in the line is off scale, then in order to be consistent one should 

print both a circle and a vertical line in the same print position. 

This problem is solved by printing a "5" if the first point is off 

scale or a "2" if the second point is off scale. 

The plotting, treated in the above manner, retains the basic 

properties of a visual display of data while at the same time making 

efficient use of both the computer and printer. 

When the receiver is operated in the parallel mode receivers 

A, B, and C are displayed on separate coordinates. When in the 

serial mode, receivers A and C are displayed on the same coordinates, 

broken at the midpoint. 
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V. Program III 

Program AC4143"'* uses the output tape of program AC4142 for 

further processing. It can be used to combine the averaged power 

spectra in a variety of ways which can be controlled by the user. 

Program AC4143 can perform the following functions: 1) average 

the power spectra weighted by the total integration time for each 

spectra, 2) average the power spectra weighted by the total inte¬ 

gration time for each spectra and then average receivers A and B, 

disregarding receiver C, 3) average a first group of scans weighted 

by the integration time; then average a second group of scans weighted 

by the integration time and subtract the second group from the first 

group. 

The program initially writes the records from the input 

tape onto a direct access storage device, thus enabling the program 

to retrieve the records in any order specified by the user. However, 

due to the limitations on the disk pack only 1000 records can be 

stored on the disk pack, at any one time for AC4143A and only 500 

for AC4143B. This means that at any given time the user can only 

stack scans within a range of 1000 records for AC4143A and 500 

^"There are two versions of Program III, AC4143A (NRAO library 
number NRAO 40/Al) and AC4143B (NRAO library number NRAO 50/Bl), 
corresponding to the two versions of Program II and tape formats 

A and B. When no distinction needs to be made between the two, 
the name AC4143 will be used to apply to both versions of the program. 
Meaning of the name: AC4=413 channel A/C Receiver, 14=140' Telescope, 
3=Program III. 



records for AC4143B. However, by writing an output tape this problem 

can be overcome. If an output tape is desired, it is supplied by 

the user and retained by the user and can be written in either format 

A of AC4142A or format B of AC4142B. The input cards and various 

options involved in processing a tape are explained in detail in 

Appendix N. 

The printed output of AC4143 consists of summary information 

about each scan stacked and a plot of the resultant power spectrum. 

Included in the summary information are scan number, integration time 

in minutes, date, local sidereal time in hours, indicated right 

ascension in hours, indicated declination in degrees, bandwidth 

codes for receivers A, B, and C, velocities of the center of bands 

A, B, C and identifying remarks by observers. The plot is tempera¬ 

ture (101 positions across the page) as a function of channel number 

(down the page), one point per line. 
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VI. Additional Information 

A. Velocity Calculation 

The frequency measured by the observer, v, in terms of the 

rest frequency of a source of radiation v , the velocity of the 

source of radiation relative to the observer , and the direction 

of the light in the system of the observer it, where n is a unit 

vector, is 

V = V 1 - ^ • frC (1) 
0 Jl - V2/c2 

(The Theory of Relativity, C. Moller, Oxford, 1952, p. 62). Given 

the rest frequency and measured frequency of the light, the velocity 

of the source of radiation in the direction of the light, that is, 

the radial velocity, assuming that the transverse velocity is small 

compared to the speed of light, is 

2 2 
v - v 

e = ~2~~2 (2) 

V + V 
o 

where 3 = V/c and V is the radial velocity. 

For a receiver of N+l channels and bandwidth W, the frequency 

of channel M is 

v = v + (M/N - ^)W (3) 
c 

where is the frequency of the center of the band and where the 
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channels are numbered beginning with zero. Then the velocity- 

corresponding to channel M is 

- [vc + (M/N - h)wj 
2 

v 

3 — o r- —| o (4) 
+ v

c 
+ (M/N - ^2) Wj 

Expanding this expression in terms of the order of gives 

2 (M/N - %) v_w 

m ' c * ' c' v2 + ^ 
p_ = e_ - (i + p_) c 

(M/N - h)2 w2 4 (M/N - h} 2 Vc w2 

- (1 + p ) V o  — + (1 + P )     
c ^ 2 c; . 2 , 2.2 

v + v (v + v ) 
O C o c 

+ 0 (w3/v^) (5) 

2 v W 

em+l " em = (1 + ec) 1/N —+ 0 (W / V (6) 

v2 + v2 

o c 

The 413 channel autocorrelation receiver has bandwidths from 

10 MHZ to 0.039 MHZ. The frequency of the 21 cm H line is 1420 

MHZ. Therefore, to an approximation better than 1%, we can neg¬ 

lect the higher order terms, giving for the velocity change per 

channel, 
2 v W 

W em-(1 + 'c* V*_i— 
v2 + v2 

o c 
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Program AC4142 uses equation 2 to calculate the uncorrected 

velocity of the center of the band and equation 7 to calculate the 

velocity change per channel. 

A correction of the observed radial velocity to the local 

standard of rest is also computed in program AC4142. First program 

DSIT (NRAO 2/lS) is used to compute the Julian date and then program 

LSR (NRAO 43/lS) is used to compute the correction of the radial 

velocity to the local standard of rest. 

B. Polarization Switching 

Special versions of Program II and Program III (AC4142B 

and AC4143B) are used for polarization switching and similar mea¬ 

surements. Such measurements differ from the usual in that the 

"reference" spectra contain spectral features. Special observations 

are necessary in this case to calibrate the receiver bandpass. The 

sequence of observations below is an example of such a series of 

measurements for a single receiver. 

Observation 
I 

s(fy 

Signal Spectrum Reference 
Spectrum 

Observation 
II 

P1(f) 

Pseudo-signal 
Spectrum 

Pseudo-reference 
Spectrum 
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Observation type I is used to calibrate the bandpass and can 

also be used to measure the spectral line in the normal way (fre¬ 

quency switching, load switching, etc.)* The temperature calcula¬ 

tions in Programs II and III are carried out as usual using a 

quotient: 

QI(f) = (S (f) - R(f))/R(f) 

Observation type II is made with a spectral line in both 

spectra. A difference spectrum is calculated and corrected for 

receiver bandpass: 

QII(f) = (p1(f)-P2(f))/;R(f) 

The correction for receiver bandpass (denominator) comes from 

observation I and does not contain the spectral line. Temperature 

calibrations are carried out in the usual way. 

Each telescope tape must start with a type I observation. 

Each type II observation must be preceeded by a type I observation 

for the same bandwidths. Additional type II observations may continue 

until a new bandpass is used (change of bandwidth or L. 0.). 

Type I observations usually need not be as accurate as 

type II. If (P^(f)-P (f)) «R(f) / the relative error in Q^^is 

equal to the relative error in ^(f)(f)). Therefore, far less 

accuracy is necessary in determining R(f). 
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C. Temperature Calibration 

A temperature calibration is applied to the measured spectra 

The following quantities are used in the temperature calculations 

for each receiver: 

CSN - a counter value which is proportional to the total 

power in the signal spectrum with the noise tube on. 

CSF - same as CSN except with noise tube off. 

R(f) - the normalized power spectrum of the reference band. 

This is recorded for discrete values of f, the fre¬ 

quency normalized to the bandwidth. 

S(f) - the normalized power spectrum of the signal band. 

The power spectra S(f) and R(f) can be expressed in terms of 

receiver parameters as follows: 

R(f) = ^  s(f) =  ^  

Jo R* (f)df J1 S' (f)df 

o 

where: 

R" (f) = a(f)31,(T + T ) 
K In U 

S ' (f) = <*(f)3s(TR + Tc + T^/2 + TL(f)) 

Q'(f) = frequency varying response of system 

3 / P = attenuation in reference and signal 
R S 

T , T , T_# T = temperature of receiver, continuum, noise 
R C NT L , 1 . 

tube and line 
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The preceeding expressions for S(f) and S'Cf) do not follow 

the actual sequence of calculations carried out by the on-line pro¬ 

gram. The autocorrelation functions for signal and for signal plus 

noise tube are added before the Fourier transform S(f) is computed. 

As a result the expression for S'Cf) is an approximation. The 

approximation causes an overestimate of spectral line values by 

T /2 x 2 
NT 

To + 
S C 

For usual receiver set-ups this causes a very small error, less 

than .001. 

If ^ is the response of the power counters to a given input: 

CSN + CSF 
= V f1 Qf(f) B (T + T + T _/2 + T (f) ) df 

5 Jo S s c NT L 

CSN - CSF = ^ Qr(f) PgT^df 

Combining the above gives the equation used for calibration: 

S(f) - R(f) . CSN + CSF . 'rNT _ . . 

R(f) 2 CSN - CSF = TL(f) + c°nstant 

The constant term on the right does not depend on frequency 

and is, in general, difficult to calibrate because of uncertainties 

in attenuation factors. 
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APPENDIX A 

Input Program I 

Control Cards 

The first control card inputs the noise value 

for receivers A, B, and C. The decimal point is assumed 

in columns 8, 16, and 24. If the user wishes, he can 

punch the decimal points anywhere in the fields for A, 

B, and C and change the assumed positions of the decimal 

points. 

ft 
M 

te 
m 
li 

m 
I# 
m 

wA 

it 

12.9 12.9 12.9 

(HOI: f. 1 Opt 
R.-C AJ |\EC 0 
0 0IJ 0 0 0 0 ( 0 0 0 0 0 0 ft 
I 2 3 4 5 S 7 8 
11111111 

2212222 

3331333 

55555555 

6 6 6 6 6 6 6 6 

7777/77? 

PPC C 
0 0 0 0 0 0 0 0 Cjo 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

9 10 II 1? !3 K 15 16117 !8 19 20 21 22 23 2^25 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 69 /0 71 72 73 74 75 /6 77 78 79 80 
111111111111111111111111111111111111111111111111111 inn 

21 2 2 2 1 2 2 2 2 2 

3333303333 

44 <H 4 4 4 4 4 

55555555 

6 6 6 6 6 6 6 6 

77777777 

9|9 9 9 9 9 0 9 9 
9 10 11 12 13 14 15 16 

§1111 

212 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2222222222222222222222222222222222222222 

3 3B 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

4444444 

5555555 

6666666 

77777777 

999909999 
17 18 19 20 21 22 23 24 

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 555555555555555555555555555555555555 

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 5 G 6 6 6 

777777777 77 7777 777777 7777777777777777 7777 777 777 7 7777 7 7 77 

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 3 9 9 9 9 9 9 9 9 9 9 9 9 9 9 
25 26 27 28 29 3D 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 69 70 71 72 73 74 75 76 if 78 79 50 

11 
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The second control card allows the user to input con¬ 

trol information to the power counter plot. By punching from 

one to six ones in the first field the user can select the 

specific power counts he wishes to see. Columns 1, 2, 3 and 

10, 11, 12 indicate reference power for receivers A, B, and C 

for parallel and series operations. Columns 4, 5, 6 and 13, 

14, 15 indicate difference power, and 1, 8, 9 and 16, 17, 18 

indicate gain for receiver A, B, and C. The scales for the 

selected power counter plots are inputed to the program in 

field 3 and 4. The decimal point assumed is right justified 

in the sub-fields of fields 3 and 4. 
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APPENDIX B 

Input Program II 

Since the purpose of breaking this autocorrelation reduction 

program into a Program I and II is to give the observer a measure 

of control over the data before the final stages of data reduction 

are entered, program AC4142 has been written to implement this purpose. 

The mechanism by which records can be changed is such that the ob¬ 

server has full control over them, i.e., he can, in principle, change 

everything on the record or on a series of records. The description 

of input cards which follows holds for both AC4142A and AC4142B. 

The major difference between the two is that cards designating the 

calibration observations for AC4142B must precede all other data 

cards. 

The first data card designates whether the local oscillator 

frequencies are to be read in from cards or tape. If the local 

oscillator frequencies recorded on the input tape are to be used 

and the frequency of receiver B is not different from A, then the 

word "SKIP" should be punched in columns 1-4. If the local oscilla¬ 

tor frequencies for receiver B are to be read from cards, then the 

word "READ" should be punched in columns 1-4. In addition if the 

local oscillator frequencies for receiver A are to be read from 

cards, the word "READ" should also be punched in columns 11-14. 
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Examples of the three possible data cards are given in Figure 1. 

If the first data card designates that local oscillator 

frequencies are to be read from cards, those cards must immediately 

follow the first card. They are punched in the following manner. 

The 5 digit observation number is punched in columns 1-5, the local 

oscillator frequency for receiver B is punched with the decimal 

point in column 16, and the local oscillator frequency for receiver 

A (if it is to be read from a card) is punched with the decimal point 

in column 36. The two possible kinds of cards are shown in Figure 2. 

If the local oscillator frequencies are to be read from cards, 

there must be one card for each group of averaged records. For 

example, if a scan is broken into two parts there must be two fre¬ 

quency cards; or if a scan or group of scans are skipped, there 

must be no cards for these. The observation number on the card 

must be the same as the observation number of the averaged records. 

If it is not, the values recorded on the input tape are used in the 

velocity calculation. 

If the local oscillator frequencies are not to be read from 

cards, the user is only required to punch "SKIP" in the first data 

card as described previously. Nothing further is required. 

All succeeding data cards employ the namelist facility in 

FORTRAN IV (IBM 360 FORTRAN IV Language, No. C28-6515-6, pp. 47-49) 

and are of three basic types: update cards, delete cards, and 
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change cards. The update cards are used to specify values for 

certain variables. These variables retain the specified values 

throughout the run of the program unless they are changed by the 

user. The delete cards are used to delete records and the change 

cards are used to change the values of variables within records. 

A variable, "CODE", which must be equal to "U", "D", or "C", dis¬ 

tinguishes the three cards. 

1 
All namelist cards begin by having "&V" punched in columns 

2 and 3. Columns 1 and 4 are blank. The variables follow as illus¬ 

trated in Figure 4, in the sequence, "VARIABLE NAME = VALUE OF 

VARIABLE". They may be punched in any order and in a free field 

format (i.e., they do not have to be punched in any particular 

column). In addition they can be continued on as many cards as 

desired? however, column 1 must be blank on all namelist cards. 

The end of the data set is denoted by "f&END". 

Update Cards 

Normally an update card will be the first of the namelist 

cards. The variables which it is possible to include on an update 

card are shown in Figure 3. All these variables are initialized 

to zero and remain so unless changed by the user. Examples of 

update cards are given in Figure 4. An explanation of the variables 

follows. 

is an "and" sign - punch code 12. 
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SCAN - the observation number of the observation at which 

the update is to take effect. If the update card is the first 

namelist card and is intended to take effect at the beginning of 

the run, SCAN does not need to be included (see Figure 4, A). 

C0DE - must be equal to "U" and means that this card is an 

update card. 

FQMLTA, FQMLTB, OFFSTA, OFFSTB - the frequency multiplier 

and I. F. offset for receivers A and B used to calculate the observed 

frequency. The formula used to calculate the observed frequency 

in Hertz is 

£ 
(FQMLTA * L.Oo Frequency + OFFSTA) * 10 . 

RESTA, RESTB - rest frequency indicators for receivers A 

and B. These codes are given in Figure 5. If the desired frequencies 

are not supplied, the user may specify 9 or 10 for the rest fre¬ 

quency indicators and insert the desired frequencies in REST (9) 

and REST (10). 

REST (10) - An array of 10 words, the first eight of which 

contain the frequencies given in Figure 5 and the ninth and tenth 

of which may be used by the user to supply additional frequencies. 

NSTART - the observation number of the observation at which 

the user wishes to begin processing the tape. If the user wishes 

to begin with the first record on the tape NSTART should not be 

specified. NSTART may also be used to skip many scans in the middle 

of a tape. E.g., if a user wanted to skip observations 22460-22600 

following observation 22450 and continue processing the tape with 
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observation 22610, his update card would be as shown in Figure 4, C. 

NSTOP - the observation number of the observation following 

the last observation the user wishes to process. If the user wants 

the processing to end with the last record on the tape, NSTOP 

should be omitted. 

YMAX, YMIN - the maximum and minimum on the plot of the 

average power spectrum in temperature units. The user should be 

aware that the plot is 43 positions wide. If YMAX is not specified 

or changed to 0.0, the program determines the scale on the plot. 

For AC4142B the namelist names YMAXD and YMIND are also included 

and these may be used to specify the maximum and minimum of the plot 

of the difference between the average power spectrum for signal 1 

and the average power spectrum for signal 2- 

BASSOL (4) - an array of 4 words used to specify the constants 

of solar motion if other than the standard ones are used. The 

standard values for the basic solar motion are: velocity = 2 0 km/sec, 

right ascension (apex) = 18*1 im 55S.062/ declination (apex) = 

30 D' 4".16 (1950). If these are to be used BASSOL should not be 

specified or BASSOL (1) should be zero. If they are not to be used, 

BASSOL (1) should be non-zero, BASSOL (2) should contain the velocity 

in km/sec, BASSOL (3) and BASSOL (4) the right ascension (apex) and 

declination (apex) respectively in radians precessed to 1950. 
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NOISE (3) - an array of 3 words used to specify the temperature 

of the noise tube for receivers A, B, and C respectively. If NOISE 

is not specified or if NOISE (1) is zero, the values recorded on 

the input tape are used. 

Delete Cards 

Delete cards may contain four variables. 

SCAN - the observation number of the scan of which records 

are to be deleted. 

CODE - should be equal to "D" meaning delete. 

BREC (type 1*4) - beginning record number (this number may 

be found in the output of AC4141) to be deleted. 

EREC (type 1*4) - ending record number to be deleted. 

Three options may be chosen as follows: 

1) delete an entire scan - SCAN and CODE are specified; 

BREC and EREC are not, 

2) delete one record in a scan - SCAN, C0DE, and BREC are 

specified; EREC is not, 

3) delete a group of records in a scan - all four variables 

are specified; records numbered BREC through EREC are deleted. 

Figure 6 illustrates the three kinds of delete cards. 

Change Cards 

The change cards give the user the ability to change any 

variable in the input record. The variable names to be specified 



-44- 

are given in Figure 7. If a variable is not specified, it is not 

changed. The variables SCAN and CODE must always be specified and 

these, together with BREC and EREC, have a meaning analogous to that 

of the delete cards with the difference being that the records are 

changed, not deleted. Examples of change cards are given in Figures 

8-10. 

Warnings 

A record cannot be both changed and deleted; that is the 

range of the delete cards and change cards cannot overlap. It is 

very important that the editing cards be punched correctly. Two 

errors occur easily. First, the user must be certain that there 

actually is a scan on the input tape which corresponds to the obser¬ 

vation number on the editing card. This can be determined from the 

output of program AC4141. Second, the order of the editing cards 

must correspond to the order in which they appear on the input 

tape. Failure to observe these rules will lead to erroneous re¬ 

sults . 
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AC4142B 

The observation numbers of the calibration observations 

must be punched on the first data cards submitted to AC4142B. 

These cards must all have "CAL" punched in columns 1-3. The five 

digit observation numbers are then punched with one space between 

each number as shown in Figure 11. The numbers may be continued 

on more than one card if there are more than 12 numbers. The cards 

are punched with 12 numbers per card extending to a maximum of 

8 cards. The observation numbers must be in the same order as they 

appear on the input tape. 

The remaining data cards are the same as AC4142A and have 

been described. 
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Error Messages 

Most error messages will be of the form 

"***...*ERROR NUMBER 1" 

The meaning of the errors and the action taken by the program follow: 

ERROR NUMBER 1 - The entire tape was read but the program 

did not find the proper starting position. The job was terminated. 

Check your variable NSTART. 

ERROR NUMBER 2 - The variable C0DE was not equal to "U", "D", 

or "C". The job was terminated. 

ERROR NUMBER 3 - same meaning as error number 1 but occurring 

at a later stage in the program. The job was terminated. 

ERROR NUMBER 4 - The first data card (for AC4142B the first 

data card following "CAL" cards) does not contain either "SKIP" 

or "READ". The job was terminated. 

ERROR NUMBER 6 - The observation number on the L. 0. fre¬ 

quency card was not equal to the observation number of the output 

record. The values found on the input tape were used. Also printed 

are the number recorded on the input card and the observation number 

of the output record. 

ERROR NUMBER 7 - The frequency multiplier, I. F. offset, 

or rest frequency for receiver A were not specified. The velocity 

calculation for receiver A will not be performed. 
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ERROR NUMBER 8 - L. O. frequencies for receiver B were speci¬ 

fied but the frequency multiplier, I. F. offset, or rest frequency 

for receiver B were not. The velocity calculation for receiver B 

will not be performed. 

Parity errors on the input tape cause the following message 

to be printed: 

"***...*READ ERROR ON TAPE" 

Also printed are the observation number and record number of the 

previous record. The program skips records for which parity errors 

are encountered. 
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Figure 1 

SKIP 

t 2 3 4 5 6 7 8 9 10 U I? 13 14 15 16 IMS 19 20 2i 22 23 24 25 28 27 26 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 53 60 61 62 63 64 65 66 6; 58 69 70 71 72 73 74 75 76 77 78 79 80 
I 1 1 11 1 1 1 111 1 1 11 I 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 11 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 111 1 1 1 1 I 1 1 1 II 1 1 1 1 

I 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 1 2 2 2 1 

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 M 4 4 

55555555555555555555555555555555555555555555555555555555555555555555555555555555 

66666666666666666666666666666666666G66666G666666666666666666666666666G6666G6666G 

II 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 39 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 69 70 71 72 73 74 K 75 77 <8 79 80 
111111111111111111111111111111111111111111111111111111111111111-11111111111111111 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

4 4 4 1 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 <i 4 4 4 4 4 4 4 

515 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 555555555555555555555555555555555555555555555555555 

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 

llllimim lillULlll 7JJ 7 7 7 7 7 7 mi 

ttr 

8 

iii 

§1! 
m 
il 
ill 
£ 

m 

a 

If 
it 
m 
m 

READ READ 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 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 69 70 71 72 73 74 75 76 77 78 79 90 
11|11111111111111111111111111111111111111111111111111111111111111111111111111111 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

33333333333333333333333333333333333333333333333333333333333333333333333333333333 

50555555555055555555555555555555555555555555555555555555555555555555555 555555555 

666666666666666 6666666666666666666666666 666666666666666 66 666 666 6666 666666666 666 6 

miiinimiiiiiniiiiiiiiiiiiiiinniiinmimiiniiiiinniiiniii iinniii 

09999999991999999999999999999999999999999999999999999999999999999909999999999999 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 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 60 69 70 71 72 73 74 75 76 77 78 79 80 

ibm rssgn 
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Figure 2 

M 

w 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 31 35 36 37 38 39 40 41 42 43 <4 45 46 47 4B 49 50 51 52 53 54 55 56 57 58 59 60 B1 62 63 64 G5 66 67 68 69 70 /I 72 73 74 75 76 77 7B 79 80 
11111111111111111111111111111111111111111111111111111111111111111111111111111111 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiininiiiiiiiiiiiiiiiinniiii 

3 3 3 3 3 3 3 3 3 3 3 3 3 3 313333333333333333333333333333333333333333333333333333333333333333 

5 5 515 5 5 5 5 5 5 5 5 5055555555555555555555555555555555555555555555555555555555555555555 

11 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 8 6 6 6 6 6 6 6 6 6 6 B 6 6 6 6 6 6 6 6 G 6 6 6 6 6 6 6 G 6 6 6 6 6 6 6 6 6 6 G 6 6 6 6 6 6 6 

nimiimmiiiiiinnmimimnnnmminnnninnii nn imiimmi 

9 9 9 9 9 9 9 9 9 9 9 9 9 1 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 3 9 9 9 9 9 9 9 9 9 9 9 9 9 

L. O. Frequency L. O. Frequency 
for Receiver B for Receiver A 

\y \ / 

66450 95.1 95.2 

1 2 3 4 5 6 7 8 9 10 II 12 13 14 15 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 69 70 71 72 73 74 75 76 77 It 79 80 
11111111111111111111111111111111111111111111111111111111111111111111111111111111 

22222 2222222222222222 222 22222 222222212222 2 222 22 2 22222 22222 222222222 222 2 222 2 22 2 22 

33333333333333303333333333333333333133333333333333333333333333333333333333333333 

55515555555555155555555555555555551555555555555555555555555555555555555555555555 

li6GG66G66666G6666666666G6G66G6666GGG66GGG6GGG66G6GGG66666GG6GG6GGGG66666GG6GG6G 

iiiimmmmmmiimnimminiimTinm inn mnnin mi iinm in 

9 9 9 9 9 9 9 9 9 9 9 9 91999999999999999999919999999999999399999999999999999999999999999999 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 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 43 50 51 52 53 54 55 56 57 55 59 60 6! 62 63 64 65 66 67 68 69 70 71 72 73 74 /5 76 77 78 79 80 

IBM rsosn CTJjMJ. 
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Figure 3 

Variables which may be included on an Update Card: 

Variable Name Type Meaning 

SCAN 1*4 see text 

C0DE 1*4 must always be "U" for update cards 

FQMLTA R*4 frequency multiplier for receiver A 

FQMLTB R*4 frequency multiplier for receiver B 

0FFSTA R*4 I. F. offset for receiver A 

0FFSTB R*4 I. F. offset for receiver B 

RESTA 1*4 rest frequency indicator for receiver 

RESTB 1*4 rest frequency indicator for receiver 

REST(10) R*8 rest frequencies 

NSTART 1*4 starting observation number 

NST0P 1*4 ending 

YMAX R*4 maximum of scale 

YMIN R*4 minimum of scale 

BASS0L(4) R*4 constants of basic solar motion 

N0ISE(3) R*4 noise tube for receivers A, B, C 
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Figure 4 

£'7 caDE:= U' » FQMLTA=6. 0> □rrSTA=150. 0j RESTA=3» NSTQP=66700»ym'A=l. 0» Yf1IN=-l. 0* ^.END^ 

0 0 r:i o 0 0 0 0 0 1 0 1 0 0 0 0 Bo 0 0 0 ilo 0 0 ISO 0 0 0 go ego 0 llo 0 010 llo G 0 0 e 0 lllio 0 ic 0 o ill 
1 ? 3 4 S 6 / 8 9 10 il li '3 'l 15 'f <1 13 13 20 /!1 ?? ?3 7! 23 23 30 31 32 33 34 35 Ifc 37 33 13 40 41 4? <3 4i <5 46 47 48 49 5(15' 52 53 54 55 5b U 5H 59 60 tl 6? ^ E4 65 66 V b? (3 70 V. 7? 73 1'. IS ,'G lilt /9 90 

1 1 1 1 1 1 1 1 1 1 11 I 1 1 1 1 1 ! 1 1 111111111111111111 1 1 

2 2 2 2 2 2 2 1 1 1 2 2 1 1 1 2 2 2 2 2 2 2 1 1 2 2 2 1 2 2 2 1 1 1 1 2 2 2 2 1 2 ? 111112112 211Z 1 1 1 1 1 1 1 1 1 2 2 1 1 1 1 1 1 1 1 1 1 1 2 2 2 

3 3 3 3 1 3 3 3 3 3 3 3 1 3 3 3 1 1 3 3 3 1 3 1 3 3 3 3 1 3 3 3 3 3 1 3 @ 3 3 3 1 3 3 3 1 3 3 @ 3 3 3 3 3 3 3 3 1 3 3 3 3 3 3 1 3 1 3 3 3 3 3 3 3 1 3 1 3 3 3 3 

4 4 £ 4 4 4 fl4 4 A B4 4 4 4 H 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 •'< 4 4 4 4 B4 4 4 4 4 4 4 4 B4 4 <14 4 4 4 4 1 4 B 

55B5555B5i5B55555555555555555555B55555B555555iS55555555555555S5S55555B5535D53BB5 

6 6 6 6 6 B6 fi fl6 6 E 6 B 6 6 6 6 6 BB 6 6 5 BIBB 6 6 fl6 6 C 6 6 6 6 6 6 6 6 fl6 5 6 o 6 Bo Bllfi 6 5 6 6 6 C 6 B6 b G b G 5 E C B 6 6 6 S fc C S o 6 

in r, n ii mm ninmii iiinii n niinimm u %ni ftim u ftmni '-in n mil i 

FiGUHE O 

0 a bo bo o o o o o o o iio o o a o c 10 
1 I, 7 3 1 ,1 U I- :£ I' i'l /■ i1 -i 23 24 2'. ;0 27 28 2': 
11 1 1 1 1 flli li 11 1 1 ! ! li I H 1 1 1 1 il 1 

   i. 0 00 
; jj •'4 " 3!- •>,' 38 39 4141 42 43 44 US 46 47 48 49 5U il 52 53 54 55 56 57 5S 59 fit H E? Ei 64 65 61 fc7 S3 6'' 7(1 71 72 7 '.■•:/> 'i i» .' Su 
1111111111111111 in 111 n i n 111111111111111111111 

2 2 2 2 1 2 2 2 2 2 I I I 2 2 1 1 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 I 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 Z 2 2 
3 3 3 3 3 1 3 3 3 3 3 3 3 3 BB 3 3 3 ! 2 3 3 Bm 3 3 3 B3 1 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 J 3 3 3 3 3 3 J 3 13 1 3 3 3 3 .1 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 1 4 ^ §4 4 4 1-^4 ; 4 4 4 4 4 4 4 | 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 'M 4 4 4 4 4 4 4 4 4 .! 4 4 J 

5 5 IS 5 5 S @ 5 5 5 5 5 5 5 5 5 5 1 5 0 5 Bb 5 5 5 5 5 5 5 5 5 5 1 1 5 b 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 S 5 5 5 5 S 5 5 S 5 5 5 5 5 5 5 b a 5 b ^5 5 

b u b C £ 6 6 6 b 6 Be s B 6 6 6 S C 6 5 G B6 6 6 b 6 6 6 G G 6 6 6 G 6 6 6 6 6 6 6 6 6 6 6 6 6 b 6 6 6 6 G 6 S 6 B S 6 6 5 6 6 6 6 b t G G C C li 

0 P 0 0 0 0 0 0 0 0 0 0 
I 2 3 4 5 6 7 P 9 10 11 12 13 14 15 IC 17 H 19 20 21 22 23 24 25 26 27 28 29 3n 31 32 33 34 35 36 37 38 39 40 41 4.' 41 44 45 46 47 40 49 50 51 52 53 54 55 5F 57 56 5S EC ft 6' S1 K I: 66 67 68 F9 7r /I ' i] ,■ h if. i 
11111111111111111111111111 111111111111 111111111111 

I 

1 m 

I 
'4 

2 2 2 2 1 2 2 2 2 B 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ? 2 2 J 2 2 2 2 

33333133333 3331133 33 33313313313333 3 3133333333333333 333333 33 33 333333 3 3 33 333 3 3 113 3 

4 4 4 4 4 4 4 4 4 4 4 B 4 4 4 4 4 B 4 4 4 B 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 1 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 a 4 4 •! 4 4 

5 5 1 5 5 5 5 i 5 5 5 5 5 5 5 5 S 5151515 B 5 5 5 5 5 5 5 S 5 5 5 5 5 1 1 5 5 5 5 5 5 5 5 5 5 5 5 55 5 5 5 5 5 5 5 5 5 5 S 5 5 S5 5 5 5 5 5 S 5 5 5 5 5 

6 6 6 B 5 6 6 G 1 6 6 6 1 6 6 6 ! 6 616 B 6 6 6 B 6 6 6 B1G 61G 6 6 G 6 6 6 6 6 6 6 6 G G G 6 6 5 G B 6 6 6 6 B 0 6 6 G 6 G 6 G G B G 6 G E G ii 6 6 6 6 5 

111 11 1111111111111111111111111111111111111111111111111 n 1 i m 11 1 I 1 1 1 1 1 1 i 1 1 1 1 1 1 11 

{!8888888B8B3B8B888SBBBBB88BB88BBBB88BB88BBB8BBB888888B8888388888B888888888583888 

9 9 9 1 G 9 9 9 9 9!) 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 5 9 1 9 9 9 9 9 9 9 9 S 9 9 S 9 9 9 9 9 9 S 9 9 e 9 ^ 9 9 9 9 9 9 9 9 9 "I 9 1 9 9 9 9 9 9 ? 9 9 9 Q 9 9 9 9 
1 2 3 4 5 6 7 8 9 10 11 12 13 K 15 16 17 18 19 20 2' 22 23 24 25 ;6 2." 26 25 30 31 3?34 35 36 3'3e 3° 40 4' 4.".3 44 45 45 <7 43 4i 30 3; 52 5! 54 5: 56 I,''.cr.'bl ^'3 64 Ei.'.b E7 EE r'J'i , j C'9b!) 
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Figure 5 

Rest frequency indicator codes: 

Code Frequency (Hertz) 

1 1420405700 

2 1477338100 

3 1612231000 

4 163 7460000 

5 1639460000 

6 1665401000 

7 1667358000 

8 1720527000 
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Figure 6 

&V SCAN':66420* CODE:=" B"»BREX=1»ER£C=30i &END 

Delete 30 RECOP.OS 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 IS 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 «44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 6G 67 6B 69 70 71 72 73 U 15 76 77 78 79 80 
1 1 1 1 ] 1 1 1 1 I 1 ] 1 1 

22221222222202222222222202222222222222222222222222222222222222222222222222222222 

33333133333333il3333333033303303331313133333333333333333333333333333333333333333 

55155550555555555515151555155551505555550155555555555555555555555555555555555555 

666666660106666606606666666608666660866666666666666666666 6~6 666666666666666666666 

7/77777777777777777777777777777777777 7777777777777777777777777777777777777777777 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 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 69 70 71 72 73 74 75 76 77 78 79 80 
11 1 1 1 ] 01 1 1 1 1 01 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 111 1 1 ] 1 1 111 11 1 1 1 11 1 1 1 1 11 1 1 1 1 1 | 1 11 1 1 1 1 1 1 1 1 1 1 1 11 

2 2 220222222222222222222212222 22222222222 2222222222222222 222222 2222222 2222222 2 222 

3 3 333033 3333330033 3 3333033 303 30333 3 33333 33333333 333333333 3333 33333 33 3333 333 33 333 

55 05555055555555550505055505555510555 55555555555555555555555555555555 55 5 5 55 55555 

ScV SCAN=66400»CaDE='D,,SeEND 
0 00 0 00 0 00 0 

Delete AN ENTIRE SC-RN 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 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 69 70 71 72 73 74 75 76 77 78 79 80 

2 2 2 20222222222222222222222222222222222222222222222222222222222222222222222222222 

33333033333333003333333033333333333333333333333333333333333333333333333333333333 

55055550555555555505050550055555555555555555555555555555555555555555555555555555 

66666666100666660660666666666666666666666666666666666666666666666666666666666666 

777 777777777777777777 7777777 7777777777777777777777777777777777 77 777 777 777 77 7 7777 
H 

its 

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 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 66 69 711 71 7? 73 74 7S 71; 11 IS 79 80 IBM i soai I 
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Figure 7 

Namelist Name Type Meaning 

SCAN 1*4 observation number of the scan of which 

records are to be changed 
CODE 1*4 should be equal to "C" meaning change 
BREC 1*4 beginning record number to be changed 
EREC 1*4 ending record number to be changed 
NSCAN 1*4 variable to be used if the observation 

number is to be changed 
SIG(l)-SIG(413) 1*4 413 channels signal transform 
REF(1)-REF(413) 1*4 413 channels reference transform 
CSR(l) 1*4 power counter average of signal with noise 

tube on for receiver A 
(2) 1*4 power counter average of signal with noise 

tube off for receiver A 
(3) 1*4 power counter average of reference for 

receiver A 
(4) 1*4 same as C(l) for receiver B 

(5) 1*4 same as C(2) for receiver B 
(6) 1*4 same as C(3) for receiver B 
(7) 1*4 same as C(l) for receiver C 
(8) 1*4 same as C(2) for receiver C 
(9) 1*4 same as C(3) for receiver C 

NTUBE(l) R*4 temperature of noise tube for receiver A 

(2) R*4 temperature of noise tube for receiver B 
(3) R*4 temperature of noise tube for receiver C 

ATEN(l) R*4 attenuator for receiver A 
(2) R*4 attenuator for receiver B 
(3) R*4 attenuator for receiver C 

P0L R*8 polarization angle 
ST R*8 sidereal time of middle of dump (rad) 
EST R*8 eastern standard time of middle of dump (rad) 
RA R*8 indicated right ascension of middle of dump (rad) 
DEC R*8 indicated declination of middle of dump (rad) 
FL0(1) R*8 L. 0. frequency Fq 
(2) R*8 L. 0. frequency F^ 
(3) R*8 L. O. frequency F^ 

ID(1) 1*2 subscan number from program AC4141 
(2) 1*2 telescope scan number 
(3) 1*2 not used 



-55- 

Namelist Name Type Meaning 

ID(4)-ID(13) 1*2 Observer name 
ID(14)-ID(33) 1*2 Observer comments 
ID(34) 1*2 not used 

(35) 1*2 date - month 
(36) 1*2 date - day 
(37) 1*2 date — year 
(38) 1*2 type of observing 
(39) 1*2 observer number 
(40) 1*2 sample rate in 0.1 sec. 
(41) 1*2 not used 
(42) 1*2 site (1 = Green Bank) 

ID(43)-ID(45) 1*2 comments by Joe Greenhalgh 
ID(46)-ID(73) 1*2 autocorrelator words 1-28 

The most important autocorrelator words are given below: 

ID(47) 1*2 bandwidth indicator for receiver A 
(48) 1*2 bandwidth indicator for receiver B 
(49) 1*2 bandwidth indicator for receiver C 
(60) 1*2 series-parallel operation 
(62) 1*2 dump time 
(63) 1*2 blanking time 
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Figure 8 

sH ^m 
wiiWMZkt 

M# 
W?W4, 

fcV SCAN=44180iCODE®'C"»FLa<l>a278.0» I0<6O.%i«t» I.D<47>=0> IDC48>»IJ I»<49?®2» 

1234 5 6 7 6 9 10 11 1213 14 '5 16 17 18 19 20 21 22 23 24 25 28 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 454647 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 85 66 6/ 68 69 70 ?! 72 73 74 75 76 11 19 79 80 
n'mimiinimmimmiinimiinimiiiiiimiimiimiimimimiiim 

2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 8 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 II 2 2 2 2 2'22 2 

33333133333333113333313130333333331313333333313333333313333333303333333313333333 

55i5555i5555555555i5D5l5555l5i555555555i55l55555i55l55555i55i55555055i5555555555 

7 7 /// 7 7 7 7 7 7 / 7 7 7 7 / 7 7 7 7 / 7 7 7 7 7 7 / 7 7 7 i 7 7 7 7 7 7 7 7 / 7 7 7 7 7 7 7 7 1 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 J 7 7 7 7 7 7 7 7 7 7 

1 23456789 10 H 12 13 14 15 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 56 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 
IBM I 5081 l 

113! 

ligtespai 
ID<4Q>»400» IDC35>=7» ID<36>=16» ID<37>=68*DEO0.7853932*&END 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 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 69 70 71 72 73 74 75 76 77 78 79 80 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2_2 2 2 2 2 2 2 2 2 

3333333333313331333313331333330333033333133133133313331^333333333333333333333333 

555|55i5555555151155555055155555515515555515555550555555115555555555555555555555 

6666666l6666B66666l666666l6l6l6666666il66666l6666666666666666G66666666666666&666 

77777777777777777771777777777777777177777777777177777777777777777777777777777777 

91999999999919999999919999999991999999999999999999909999999999999939999999999999 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 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 69 70 71 72 73 74 75 76 77 78 79 80 

IBM I 5081 I 
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Explanation of Figure 8 

Figure 5 shows how changes are made in the following quantities 

for the entire scan number 44180: 

Quantity 

1) L. O. Frequency 

2) Operation 

3) Bandwidth of receiver A 

4) Bandwidth of receiver B 

5) Bandwidth of receiver C 

6) Integration time 

7) Month 

8) Day 

9) Year 

10) Declination 

Changed To 

278.0 

parallel 

10 MHz 

5 MHz 

2.5 MHz 

40 sec 

July 

16 

1968 

tt/4 degrees 
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Figure 9 

fcV SCA^^OOfCaiJE®0^ >BRE:Cail»EREC=a0»NSCAN»44201»iEHD 

1 2 3 4 5 B 7 8 9 10 11 12 13 14 15 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 46 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 6/ 68 69 70 71 72 73 74 75 76 77 ?8 79 BO 
1111111111111 

2222|22222202222222222220222222222222|222|222222@2222222222222222222222222222222 

33333033333333113333303133313331333033313313333333313333333333333333333333333333 

5515 55 515555555555|505|555|555551505555515550555555551155555555555 55 555555555555 

66666666166666660661666666660666666616666666616666666666666668666666666666666666 

iiinimimmiimnnnmmmmnnimmmmnnmnmminiiini 

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 90999999909999999999999999999999999999999999999999999999 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 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 6B 69 70 71 72 73 n 75 76 77 76 79 80 
   IBM I 50811 
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Figure 10 

1 2 3 4 5 6 7 8 9 10 II 12 13 14 1516 U 10 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 3G 37 38 39 40 41 42 43 44 45 46 47 4B 49 50 51 52 53 54 55 56 5/ 58 59 BO El 62 63 64 65 66 67 6B 69 70 71 72 73 74 75 ?6 77 78 ?9 80 
1 1 1 1 1 1 01 1 1 1 I 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 |1 1 1 1 I 1 1 1 1 1 1 1 |1 1 1 1 ] 1 1 1 11 ] 1 1 1 1 1 I 1 1 1 1 1 I I 1 1 1 1 1 1 ] I I 1 1 1 

22221222222122222222222212222122222222222122222212122222222222222222222222222222 

33333133333333113333313133313331333131313313333333303333333333333333333333333333 

5515555@5555555555i5l5i555l55555l5i55555i555@55555555115555555555555555555555555 
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Explanation of Figures 9 and 10 

Figures six and seven show how to break up a scan into two 

or more parts. Suppose observation number 44200 consists of 30 

records and the user wishes to break it up into 3 observations of 

10 records each. The user must change the observation number of 

those records he wishes to separate from the scan. The example 

breaks observation number 44200 consisting of 30 records into 3 

observations - 44200, 44201, 44202 - of 10 records each. The main 

program averages records until the observation number of the present 

record differs from the previous record. Then it writes the average 

on tape, prints information and reinitializes variables and continues. 
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Figure 11 

Calibration Observations for AC4142B 
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APPENDIX E 

On-Line Printed Output 

Below is an example of a printed output for quotients. The 

top portion of an output for receiver C is given. To the right each 

of the quantities in the header is explained. 

13 091068 150123 Format Date Est 

1339 000 90 0 Scan no. Total integration time 
192158 143 135 ind. R. A. ind. DEC. 

00 1 0 * 0 ] 9 5 quotient channel 1 
002 0 • C i 3 5 quotient channel 2 
0 0 3 0 » 0 \ 2 9 quotient channel 3 
0 0 4 0 .0 i 22 quotient channel 4 
005 0 • 0 ] 0 1 quotient channel 5 
0 3 6 0 • 0 ) 0 J quotient channel 6 
0 0 7 0 • 0 1 0 4 quotient channel 7 
008 0 • 0 r>" 
0 0 G 

Header information for all printed spectral outputs is the 

same. The positions which are printed are saved during the last 

integration period of a scan. The format number is used to identify 

the receiver configuration and type of output as follows: 

Format Description 

11 integrated quotient receiver A (parallel) 

12 integrated quotient receiver B (parallel) 

13 integrated quotient receiver C 



Format 

14 

16 

17 

18 

19 

21 

22 
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Description 

integrated quotient receiver A (series) 

integrated reference receiver A (parallel) 

integrated reference receiver B (parallel) 

integrated reference receiver C 

integrated reference receiver A (series) 

raw data - counters 

raw data - control words 
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THE FOLLOWING ROUTINE IS ENTERED WHEN AN INTERRUPT 
FROM THE AUTOCORRELATOR OCCURS: 

ENTRY 

APPENDIX F 

On-Line Program Flowchart 



Output Controller 
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TELESCOPE 1— 
TAPE 

SCALE 
DATA 

PLOT Q 

COMPUTE 
STANDARD 
DEVIATION 

PRINT TAPE 
INDEX 

SUM OF QUANTITIES 
FOR Q AND 

STANDARD DEVIATION 

APPENDIX G 

Program I Flowchart 



-68- 

BE6IN 

END OF FILE 

PRINT ALL / 
DATA / 
CARDS / 

1r 

V 
AVERAGE 

PREVIOUSLY 
ADDED RECORDS 

WRITE 
OUTPUT 

RECORD ON 
DISK 

li 

VELOCITY 
CALCULATION 

1 r 

-§*- 

REWIND DISK 
PRINT SUMMARY 

PAGE AND 
WRITE 

OUTPUT 
TAPE 

:SK / REWIND DI! 
AND PRINT /  

OUTPUT / 
RECORD / 

END 

APPENDIX H 

Program II Flowchart 
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BEGIN 

APPENDIX I 

Program III Flowchart 
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APPENDIX J 

Telescope Tape Format 

Tape format for output of on-line programs. All records the 

same format in binary 3 ch/wd. 

Word 
10 

1 
2 
3-12 
13-32 
33 
34-35 
36-37 
38-39 
40 
41 
42 
43 
44 
45 
46 
47 

Format Contents 

2 Scan number 
2 Subscan number - N. A. 
1 Observer name 
1 Comments 
2 Number of channels - N. A. 
4 Polarization angle - N. A. 
4 LST of middle dump from Autocorrelator 
4 EST of middle dump from Autocorrelator 
2 Date - month 
2 Date - day 
2 Date - year 
2 Type of observing (12) 
2 Observer number 
2 Sample rate in 0.1 sec. 
2 Focus - N. A. 
2 

51-52 
53-54 
55-880 
881-1706 
1707-1708 
1709-1710 
1711-1712 
1713-1714 
1715-1716 
1717-1718 
1719-1720 
1721-1722 

1723-1724 

4 
4 
5 
5 

5 (B30) 
5 (B30) 
5 (B30) 
5 (B30) 
5 (B30) 
5 (B30) 
5 (B30) 
5 (B3 0) 

5(B30) 

Right ascension of middle dump 
Declination of middle dump 
413 channels signal transform 
413 channels reference transform 
CSNl** 
CSFl** 
CRl** 

CSN2** 
CSF2** 
CR2** 
CSN3** 
CSF3** 

CR3** 
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Word 
10 

Format Contents 

1725-1744 
1745-1750 

* 

4^ 

Autocorrelator words 1664-1683 
L. 0. Frequencies 

*Format 1 - ASCII 
2 - Single precision binary integer 
4 - Double precision fraction of circle 

5 - Double precision binary scaled as indicated 

Raw Data 

**CNX indicates a power counter average 
X = SN - signal with noise tube on 

SF - signal with noise tube off 
R - reference 

N = 1 - receiver A 
2 - receiver B (if used) 
3 - receiver C 
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APPENDIX K 

LABELED 9-TRACK FORTRAN READABLE OUTPUT TAPE OF AC4141 

Word.^ Format Contents 

1 1*2 Record count 
2 1*2 Scan number 
3 1*2 Subscan number N. A. 
4-13 1*2 Observer name 

14-33 1*2 Comments 
34 1*2 Number of channel N. A. 
35 1*2 Date - month 
36 1*2 Date - day 
3 7 1*2 Date - year 
38 1*2 Type of observation 12 
39 1*2 Observer number 
40 1*2 Sample rate 
41 1*2 Focus N. A. 
42 1*2 Spare Word 
43 1*2 Spare Word 
44 1*2 Spare Word 

45 1*2 Spare Word 
46-73 1*2 28 autocorrelator code words (see following page) 
74-486 1*4 413 channels signal transform 
487-899 1*4 413 channels reference transform 
900 1*4 Power counter with noise tube on rec. A 
901 1*4 Power counter with noise tube off rec. A 
902 1*4 Power counter reference rec. A 
903 I*r Power counter with noise tube on rec. B 
904 1*4 Power counter with noise tube off rec. B 
905 1*4 Power counter reference rec. B 
906 1*4 Power counter with noise tube on rec. C 
907 1*4 Power counter with noise tube off rec. C 
908 1*4 Power counter reference rec. C 
909 R*4 Noise tube rec. A 
910 R*4 Noise tube rec. B 
911 R*4 Noise tube rec. C 
912 R*4 Attenuator rec. A 
913 R*4 Attenuator rec. B 
914 R*4 Attenuator rec. C 

915 R*8 Polarization angle 
916 R*8 Sidereal time 
917 R*8 Eastern standard time 
918 R*8 Indicated right ascension 
919 R*8 Indicated declination 

920-922 R*8 F0, Fl, F2 L. O. Frequencies 
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Autocorrelator Words On 9-Track Tape 

Word Format Content 

46 1*2 Spare Word 
47 1*2 Receiver A bandwidth 
48 1*2 Receiver B bandwidth 
49 1*2 Receiver C bandwidth 
50 1*2 Receiver A attenuator word C 
51 1*2 Receiver A attenuator word B 
52 1*2 Receiver A attenuator word A 
53 1*2 Receiver A gain modulator 
54 1*2 Receiver B attenuator word C 
55 1*2 Receiver B attenuator word B 
56 1*2 Receiver B attenuator word A 
57 1*2 Receiver B gain modulator 
58 1*2 Receiver C attenuator 
59 1*2 Gain modulator synchronous detector phase 
60 1*2 Series - parallel operations 
61 1*2 Switch rate and duty cycle 
62* 1*2 Dump time* 
63* 1*2 Blank time* 
64 1*2 Digital test signal word A 
65 1*2 Digital test signal word B 
66 1*2 Clipper test signal A 
67 1*2 Clipper test signal B 
68 1*2 Clipper test signal C 
69 1*2 Front end switch 
70 1*2 Noise tube mode 
71 1*2 External sense switches 
72 1*2 Noise tube duty cycle on off indicator word A 
73 1*2 Noise tube duty cycle on off indicator word B 

*contain proper magnitude instead of the code number in Shalloway's 
memo. 
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Control Cards Needed 

The control cards needed to 

of AC4141. In the third control 

9-track tape number is punched. 

to Read 9-Track Tape 

read 9-track binary output tape 

card after VOLUME=SER=, the 

! 2 3 4 5 6 ? 8 9 10 11 12 13 14 15 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 4H2 43 44 45 46 47 40 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 65 67 EB 69 70 71 72 73 U 75 76 77 78 /9 80 
limiiomiBiimiminniniiimniimmnimimimiimmiiiimiii 

iiS 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 22222122222222122222222212002222022222222222222222222222222222222 

333303|33333333333333333333333333i333l333333i333333l3i33333333333333333333333333 

lufl 

m 
Wm 

m 
mm 
mm 

DCB=(,RECFM=V»LRECL=35?8»BLKSIZE=716 0»BUFNQ=2>» 

I 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 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 15 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 E9 70 71 72 73 74 75 76 77 78 79 80 
11111111111111111 1111111111111111111111111110111111111111111111111111 

222 222 22 2 222 222 2212222222222222222 2 2 222202112 222222221222220222 22 2 22 2 2 22222 2 22 22 

33333333333333331333033033331033 013133313033333333331333333331333333333333333333 

55555555555555505555155055505555555555555555555555555555555555555555555555555555 

6666666666666666i666606660666666666666666666G6666666666666666666666666666G6G6S66 

77777777777777777777777777777077777777777777777777777777777777777777777777777777 

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 909999999999999999999999999999999999999999999999939999999 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 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 69 70 71 72 73 74 75 76 7/ 78 79 80 IBM I 5081 I 
mmmm 

|pg|p|p3|pL. . wm 
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APPENDIX L 

Labeled, Binary 9-Track FORTRAN Readable Output 

Tape of AC4142A 

Word Format Contents 

1 1*4 Output tape record number 
2 1*4 Observation number 
3 1*2 Number of records averaged 
4-7 R*8 Words 916-919 of first input record* in 

observation 
8 R*4 Velocity correction of first input record in 

observation 
9-81 1*2 Words 1-73 of last input record in observation 
82-87 R*4 Words 909-914 of last input record in observation 
88 R*4 Velocity correction of last input record in 

observation 
89 R*8 Julian date of last input record in observation 

90-97 R*8 Words 915-922 of last input record in observation 
98-100 R*4 Uncorrected velocity of center of band for 

receivers A, C 
101-103 R*4 Velocity change per channel for receivers 

A, B, C 
104-516 R*8 413 channels average power spectrum 

Total length of record: 3620 bytes 

*See Appendix K 
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Labeled, Binary 9-Track FORTRAN Readable Output 

Tape of AC4142B 

Word Format Contents 

Output tape record number 
Observation number 
Number of records averaged 
TRUE indicates calibration observation 
FALSE indicates polarization switching 
observation 
Words 1-73 of first input record* of observation 
Words 909-914 of first input record of 
observation 
Velocity correction of first input record 
of observation 
Julian date of first input record of observation 

Words 915-922 of first input record of 
observation 
Words 1-73 of last input record of observation 
Words 909-914 of last input record of 
observation 
Velocity correction of last input record 
of observation 
Julian date of last input record of observation 
Words 915-922 of last input record of observation 
Velocity of center of band for receivers 
A, B, C (uncorrected velocity) 
Velocity change per channel for receivers A, 

B, C 
413 channels average power spectrum for 
signal 1 
The difference between the power spectrum 
for signal 1 and the power spectrum for 
signal 2, 413 channels (for a calibration 
observation these words contain 413 channels 
average reference transform) 

1 1*4 
2 1*4 
3 1*4 
4 L*4 

5-81 1*2 
82-87 R*4 

88 R*4 

89 R*8 
90-97 R*8 

98-170 1*2 
171-176 R*4 

177 R*4 

178 R*8 
179-186 R*8 
187-189 R*4 

190-192 R*4 

193-605 R*8 

606-1018 R*8 

Total length of record: 7140 bytes 

*See Appendix K 
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Data Definition Statement Used to Write Output Tape of AC4142A 

rsg/daiav 
X 

:s^ 

$$ 

gfogfell. 
/✓GO-FTOSFOOt DD DSHAHE^SPECTRAsUNIT=SYSSQj 

G 

1 2 3 4 0 B 7 B 9 1011 12 13 14 15 1617 IB 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 SI 52 53 54 55 56 57 58 59 60 61 62 63 64 6S 66 67 68 69 70 71 72 73 74 75 78 77 78 73 BO 

2222222222222222222212222212222222222 2212102222222222222222222222222222222222 222 

333 313133333333 333 333 3333333311330333133333313333333333333333 33333 33333 333333333 

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 1 5 5 0 5 5 5 15 5 5 5 5 5 05 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

66 6 0606660666666666666666066666666666606666666666666666666666666666666666G666666 

7717777J777777777777777777707777777777777777777777777777777777777777777077777777 

1 
§ 

w 
IS 

BCBa<RECF«3V»LRECL»3620> BLKSI2E=3624>> 

0 0 

1 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 3S 36 37 38 39 40 41 42 43 44 4S 46 47 4B 49 50 SI 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 B0 
001 1 1 1 1 1 11 1 1 1 1 II 1 1 1 1 1 1 11 1 1 1 11 II 11 1 11 1 111 11 1 1 1 1 11 1 1 1 1 111 1 1 1 1 1 I 1 111 1 1 1 11 1 1 1 11 1 1 1 11 

2222222222222 2222022222222 2222222222 0220200222222022222222222222222222222222 2 222 

3333333333333333033333033331033003 0333031333333033330333333333333333333333333333 

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 05 05 5 5 5 15 5 5 05 5 5 5 5 5 5 5 5 5 5 5 5 5 05 5 5 5 5 0 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

H. 
0 

1 

m ftivg 
I® 
M 
P 
m 

1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 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 4B 49 53 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 
001 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 01 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

22222222222222222222220222212222202222222222222222222222222222222222222222222222 

33333333333333333033333333333003333333333333333333333333333333333333333333333333 

55555555555555505555055055555555555500555555555555555555555555555555555555555555 

60666666666666660666606660666666666066066666666666666666666666666666666666666666 

7 77 7777777777 77777777 7777777777777077777777777777777777777777777777 77777 77 77 777 7 

99999999999999999999999909999999099999999999999999999999999999999999999999999999 1 2 3 4 5 6 7 8 9 10 II 121314 15 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 69 70 71 72 73 74 75 76 77 78 79 80 
IBM I 50bI 1 
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Data Definition Statement Used to Read Output Tape of AC4142A 

//GO.FT08FOO1 DD BSNAME=SPECTRA»UNIT=SYSSQ> VaLUME«SER=920» DISP=OLD 
iMrnmsmmm 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 IS 17 IB 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 3G 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 5B 59 GO El 62 83 64 65 66 67 68 69 70 71 72 73 74 75 16 11 78 79 80 
1 1 1 1 1 1 1 1 11 I 1 1 11 

2 22 22222222222222222@22222@22222222222212@12222222220222212222122222222222222222 

3333i3l3333333333333333333333ll33l333@333333l33@33333333333l333333l3333333333333 

55555555555555555555505505551555555155555555515555055155555555555555555555555555 

6 66160666|l666666666666666l666G666BG6GBi6G66666066GGl666lG6666666li66666666GG6B66 

77i777777777777777777777777i77777777777777777777777777777777777i7777777 7777 7 7 77 7 

9999999999999999999999999999999i9999099999999999999999l9O9999i999999999999999999 
1 2 3 4 5 5 7 8 9 10 II 121314 15 IB 17 IB 19 20 21 22 23 24 25 28 27 28 29 30 31 32 33 34 35 36 3/ 38 39 40 41 42 43 44 45 46 il 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 6/ 68 G9 70 71 72 73 74 75 76 77 78 79 80 

IBM I 508! 1 
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Data Definition Statement Used to Write Output Tape of AC4142B 

^5^ 

//Ga.Fioarooi DD DSNA^SPECTRAS UNIT^SYSSQ» 
I'ff j^- 

g 0 SI 0 s 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 IS IB 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 46 49 50 51 52 53 54 55 56 57 58 59 60 El 62 63 64 85 66 67 68 69 70 71 72 73 74 75 76 77 IS 79 B0 
111 11 1 1 1 11 11 |1 1 11 1 1 1 1 1 |1 1 1 1 1 1 1 1 1 11 I 1 11 1 1 1 1 11 1 1 1 1 1 1 11 1 1 1 1 I II 1 1 1 1 1 1 11 1 1 11 1 1 1 1 I 1 1 1 1 

22222222222222222222§22222B222222222222i2BE2222222222222222222222222222222222222 

33331313333333333333333333333013313330333333133333333333333333333333333333333333 

555 5555555555555555551551555155555515555555555555555555 5 555 5555 5 5 5555 5555 55 55555 

66G16l666i666B66B66666666l666666666666l6666666666666666666666666G666666666666666 

77 07/777 777777777777777777717777777777777777777777777777777777777 7777771777/777 7 

I 

'Mm 'MM 
// BOB* < RECFI1=V t LRECL*? 14 0»BLKSIZE=*7i44t BUFND=1 > > 

E3B 0B1 01 
X 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 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 69 70 71 72 73 74 75 76 77 78 79 80 
oil 111111111111111111111111111111111111111111111 0111111111 0111111111111111111111 

22222222222222222122 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2020022 2 2222 22 0222222222222222222222222222 

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 03 3 3 3 3 03 3 3 3 003 3 003 3 3 3 3 13 03 3 3 3 3 3 3 3 3 3 03 3 3 3 3 3 3 3 13 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 15 05 5 5 5 15 5 5 05 5 5 5 5 5 5 5 5 5 5 5 5 5 05 5 5 5 5 5 5 5 5 15 5 5 15 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 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 69 70 71 72 73 74 75 76 77 78 79 80 
10111111111111111111111111011111111111111111111111111111111111111111111111111111 

2222222222222222222222022220222220222222222222222222222222222 2222222222222222 222 

33333333333333333033333333333003333333333333333333333333333333333333333333333333 

555555555555555@5555i55055555555 5 555OO555 555555 5555555555555555 55555555555555 555 

66666666666666660666606660666666 666066066666666666666666666666666666666666666666 

7Z/ 7 7 7 7 7 7 7 Z/ 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 Z// 0 7 7 7 / 7 / 7 7 7 7 7 7 7 7 7 7 7 7 //// / / / 7 7 / / / / 7 7 7 / 7 7 7 / 7 7 7 / / / 

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 09999999099999999999099999999999999999999999999999999999 1 23456789 10 11 12 13 14 15 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 69 70 71 72 73 74 75 76 77 78 79 80 IBM I 5081 1 
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Data Definition Statement Used to Read Output Tape of AC4142B 

mi if ' 
smg M&Ti 

//Ga.rroarooi OB DSNftnEsSPECIRA » UNIT^SYSSQ»VDLUNE>$£R=9£0 > BI$Po(E-D 

12 3 4 5 6 7 8 9 10 II 12 13 14 15 16 If 18 19 20 21 22 23 24 25 26 2/ 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 6! 62 63 64 65 66 67 SB 69 70 71 72 73 It IS /6 7178 79 80 
gii i ii 1111 ii gi n 1111 ii in n 11111 Bi 1111 ii i n i ii 111 ii i ii i ii i n 1111 ii n 11 n m 11111 

22222222222222222222i22222i222222222222|2ll222222222i2222i2222@22222222222222222 

3333i313333333333333333333333@O33B333i333333i33l333333333330333333i3333333333333 

55555555555555555555505515551555555155555555515555155155555555555555555555555555 

770777777777777777777777777117777777777777777777777777777777777717777777777777777 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 28 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 6Q 61 62 63 64 65 66 67 6B 69 70 71 72 73 74 75 76 77 78 79 80 
IBM fSoBTI 

■psm ;.gA^WAfe?xa, 
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APPENDIX M 

Memorandum of May 3, 1968 

Arthur M. Shalloway 

Subject: Revised Functional Description of NRAO Correlation Receiver 
Model II (See Original Description September 11, 1967) 

The following information is being made available for those 
planning to use the receiver or program computers to process its 
output data. 

SPECIFICATIONS OF NRAO CORRELATION RECEIVER MODEL II: 

Number of Channels: 
Total - 416 

Correlation Channels - 413 
Receiver Power Channels - 3 

Configurations: 
1. Receiver A 

Receiver B 
Receiver C 

2. Receiver A 
Receiver C 

192 Channels 
192 Channels 

29 Channels 
384 Channels 

29 Channels 

Autocorrelation 
Autocorrelation 
Autocorrelation 
Autocorrelation 
Autocorrelation 

1 Channel 
1 Channel 
1 Channel 
1 Channel 
1 Channel 

Power 
Power 
Power 
Power 
Power 

Bandwidths: 
10MHz 
5 MHz 
2.5 MHz 
1.25 MHz 
625 KHz 

Available on 
Receivers A, B, &C 

6. 
7. 
8. 
9. 

312.5 KHz 
156.25 KHz 
78.125 KHzj; 
39.0625KHZ 

Available on 

Receivers A & B 

Dump Times (Integration Time Available in Correlation Receiver Prior 
to Dumping Data into Computer): 

1 sec. and 10 sec. 
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Switching Rates: 

1 Hz - 5 0%/5 0% 
5 Hz - 5 0%/ 5 0% 

10 Hz - 50%/50% 
1 Hz - 90%/10% 
5 Hz - 15%/25% 

Blanking Times: 
4 to 26 ms. in steps of 2 ms. 

Switching Modes: 
1. Load Switching ) With continuous or separate calibration, 
2. Frequency Switching) gain modulator switching, and synchronous 

detector switching for analog continuum 
recording 

Autocorrelation Data: 
Signal and reference output data are provided as two indepen¬ 

dent groups of numbers. Thus, a continuous bandpass correction can 
be provided in the computer. 

Display: 
Any channel - signal or reference - plus the six power counters 

can be displayed in decimal. 

Test Signals: 
Square waves from 39.0625KHz to 10MHz can be fed into clipper 

inputs. Special internal tests available in digital system. In¬ 
ternally generated noise source can be fed into IF input. 

Reference should be made to Memo: Input Interface - 3 00' and 
140' On Line Computers by A. M. Shalloway dated October 18, 1966 
for detailed information on transfer of data from the receiver to 
the computer. The following tabulation lists all of the output 
data available from the receiver and its format. 

(Signal/Reference) Duty Cycle 
(Signal/Reference) Duty Cycle 
(Signal/Reference) Duty Cycle 
(Signal/Reference) Duty Cycle 
(Signal/Reference) Duty Cycle 
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APPENDIX N 

Input to Program III 

The first input card to AC4143 selects the method of plotting 

and whether or not an output tape is to be written. At present 

columns 1-8 must contain the characters "360 PL^T" designating 

a printed plot on the IBM 360 computer. At a later date a Calcomp 

plot may be selected. If an output tape is to be written, columns 

11-18 must contain "0UT TAPE"; otherwise these columns should be 

blank. If an output tape is to be written, one of two formats may¬ 

be selected - format A of AC4142A or format B of AC4142B. Columns 

21-28 designate which format is to be used; they must contain 

"F0RiyiAT A" or "F0RMAT B" . The three possible cards are shown in 

Figure 1. 

The remaining data cards consist of groups of cards which 

actually control the combining of records. Within each group the 

first card controls the range of input records read into the program 

and the number of sets of records to be combined. The remaining 

cards within the group designate the records to be combined and 

the method to be used. These later cards employ the Namelist facility 

in FORTRAN IV described previously in the input to AC4142 (Appendix 

B). Figure 2 is an example of the first card and Figure 3 gives 
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three examples of the second type of card. The first type of 

card contains three fields: columns 1-5, the record number of the 

beginning record to be read from the input tape to the disk, columns 

11-15, the record number of the ending record to be read from the 

input tape to the disk, columns 21-25, the number of sets of records 

to be combined, i.e., the number of cards following which begin 

with " &STACK 11 . The range of the first two numbers must not exceed 

1000 for AC4143A and 500 for AC4143B. All namelist cards must 

begin with " &STACK11 punched in columns 2-7 with column 1 blank. 

The end of the data set is denoted by "f&END". The namelist variable 

names and their meaning follow. 

KEY - 1*4 - designates the manner in which the observations 

are to be combined. "KEY^" means that the observations are averaged, 

weighted by the integration time of each observation. nKEY=211 means 

that the observations are averaged, weighted by the integration time, 

and then receivers A and B are averaged, disregarding C. IIKEY=311 

means that two groups of observations are averaged, weighted by the 

integration time and the second group subtracted from the first 

group. 

SCAN - 1*4 - designates the observations to be combined. 

This number is the relative record number of the input record on 

the input tape and is found in the heading of the output of program 
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AC4142 as well as on the summary page. For "KEY=3" the numbers of 

the first group of observations are followed by "-99" and then the 

second group of observations follow. In Figure 3, C the average 

of numbers 3, 4 and 6 is subtracted from numbers 1, 2 and 5. 

REMARK (20) - 1*4 - used to enter any string of characters. 

These are printed immediately preceeding the plot. The characters 

must be enclosed in quote marks and may not be continued onto a 

second card. An example follows: 

RE MARK^"THIS IS A REMARK" 

YMAX, YMIN (also YMAXD and YMIND for AC4143B) - R*4 - These 

set the maximum and minimum values on the plot. It should be noted 

that the plot is 101 print positions wide. For AC4143B YMAXD and 

YMIND set the scale for the plot of the difference between the spectra 

for signals 1 and 2. These values are initialized to zero and re¬ 

tain their values until changed by the user. "YMAX=0.0lf means that 

the scale is determined by the program. 

As previously stated, the cards are in groups, the first 

card of which designates the range of input records. The number of 

the last input record of a previous group must always be less than 

the number of the first input record of a succeeding group. An 

example is given in Figure 4. 

By writing an output tape the user may stack observations 

in any range. The records written on the output tape are numbered 
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consecutively and this output tape may be used in a subsequent run 

of AC4143. Thus a user with a first group ^of cards could coinbine 

observations in the range 1-1000 and with a second group of cards 

in the range 1001-2000. He could then run the program again with 

the produced output tape as input and combine the resultant records 

as previously described. 

Error Messages 

Error messages are of the form 

••****.. .*ERROR NUMBER 1". 

The meaning of the error messages follow: 

ERROR NUMBER 1 - The method of plotting was not specified. 

The job was terminated. 

ERROR NUMBER 2 - A parity error was encountered while reading 

the input tape. Also printed are the tape record number and the 

observation number of the record. The record was skipped, i.e., 

it was not written on the disk. 

ERROR NUMBER 3 - The number of records to be written on the 

disk exceeds 1000 (500 for AC4142B). The excess records were not 

read. 

ERROR NUMBER 4 - The variable KEY was not in the proper 

range. 



-92- 

m SAgi'B® 

% 
0. 

m mi 
d 

W' 

w 

*11 ajw afe 

360 PLOT 

12 3 4 5 6 7 6 9 10 11 12 13 14 15 IB 17 18 19 20 21 22 23 24 25 26 2? 28 29 30 31 32 33 34 35 3G 37 38 39 40 41 42 43 44 45 « 47 48 49 50 51 52 53 54 55 58 57 58 59 60 61 62 63 64 65 66 6? 68 69 70 71 72 73 74 75 76 11 78 79 80 
11111111111111111111111111111111111111111111111111111111111111111111111111111111 

iiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiniiiiiiiiiiiiiiiiiiiiiiiii 

13333130333333333333333333333333333333333333333333333333333333333333333333333333 

5 5 5 5 5 5 5 5 5 55555555555555555555555555555555555555555555555555555555555555555555555 

61666616666666666666666666666666666666666666666666666666666666666666666666666G66 

iiiiiiiinnmimnimmmmimnimmnmnnmnimnmnniiim 

gas 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 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 4~3 4*4 45 46 47 48 49 50 51 si 53 5^4 s's s'e U 5^ M 6^0 SI Bl S) St K 6S 6168 el fo 71 702 703 704 n 706 707 78 1 s! 
111111111111111!1111111111111111111111111111111,111,1111 1 ! 1 11 1 , , , 11 ] \ \ 1 ] ] 1 ! 1 ! ! J ! 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

13333@31333313133333333331333333333333333333333333333333333333333333333333333333 

5 5 55 555 5 5 5555555515 555555555555555555555555555555555 5555555555555555555555555 555 

1 1 1 1 1 1 1 1 1 'l0 i? 'i3 'i4 i5 hV 'i8 'f ^ i' ^ ^ ^ H2,8 V 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 511 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 ?6 77 78 79 80 1111111111 n ' 11011111111 in i m m 11 n n i m n m m 11 m 1111 n 11 n 11111111111 j ] iimmiiiiimn 

22222222222222222222222222202222222222222222222222222222222222222222222222222222 

@333303!3333f|3|3333333333|333333333333333333333333333333333333333333333333333333 

55555555555555555155555555555 555 55555555555555555555555555555555555 5555 5 5555555 5 

616 666066616 66666666016666666666666666666666666666666666666 6 666 6 6 66666 6 666666666 
1 1 1 7 1 7 7 7 // 7 7 7 7 7 7 1 7 7 7 7 7 7 7 7 7 7 7 1 7 1 7 7 7 7 7 7 7 7 7 7 7 7 7 7 / 7 7 7 7 7 7 7 7 7 7 7 7 1 1 1 7 7 J1111.1 ] 17 7 j ] ] 11 f i 



-93- 

Figure 2 
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Figure 3 
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Interoffice 

National Radio Astronomy Observatory 

Green Bank. West Virginia 

To: Addressee 30 August 74 

From: Bob Vance, Computer Division Programmer 

Subject: Addendum to Computer Division Report No. 5, dated Sept. 1968, 
413-Channel Autocorrelator Receiver, Section II, titled 
ON-LINE COMPUTER PROGRAM. 

The On-Line data taking programs have some inherent time delays 
necessary for the Observer to calculate when setting up the Start 
and Stop times for the scan (either from cards or manually by the 
Operator). 

The Model II Correlator dumps data to the computer on 10 second 
(Sidereal) intervals, (i.e., 10, 20, 30, . . . 00, . .) 

The On-Line program has a built-in feature that ignores the data 
of the first dump from the correlator after Start of scan and then 
accumulates for the Integration period desired. This is necessary in 
order to zero certain arrays in core used for accumulating. 

The Fourier-Transform on line requires approximately seven seconds 
to complete and then it writes the spectra on magnetic tape. Adding 
1 second to the last dump time to complete the last integration 
period will allow the last integration period to use the Fourier 
Transform and write the spectra on tape. Ending exactly on the last 
dump time of the last integration may or may not cause the last 
integration to be written on the tape (depending on the timing cycles 
at program initialization). 

CONSIDER THE FOLLOWING MODEL INTEGRATION PERIOD = 40 Sees. 

Start 1st Dump End INT. Last INT. Stop 
Time Skipped Time Tape Write Time 

01 00 00 01 00 10 01 02 10 Yes 01 02 11 

01 00 01 01 00 10 01 00 50 No 01 00 50 

01 02 59 01 03 00 01 03 40 Yes 01 03 41 

00 02 00 00 02 10 00 04 10 No 00 04 10 

00 02 00 00 02 10 00 04 10 Yes 00 04 11 

A 'Rule of Thumb' in order to get the last integration on tape is: 

(NO. of Integrations desired) BY (Integration period) PLUS 11 seconds 
added to the Start time and entered as Stop time. 
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STORINO AN OFF-SCAN 

Using the Model II Correlator Receiver in the TOTAL-POWER mode 
requires the Observer to allow one 10 second dump period to occur 
after end of last scan so that the last scan may be marked as an 
fOFF-SCANf if so desired. 

POSITIONING THE 140* TELESCOPE 

Allow adequate time for the telescope to move to the next position 
in the sky before starting the next scan. Rough estimate of the 
time required to move the telescope can be derived by considering 
that for large distances the telescope accelerates for 8 sees, and 
moves at the top speed of 20° / min. and after reaching within 1° of 
the position, it decelerates at the same rate as at the beginning and 
zeroes in in about 10 seconds. The error is computed and updated 
every 100 msec. For moving 0.25°, the telescope uses 3.5 sec; 
for 1°, about 8 sec; for 10°, around 40 sec; etc. 

The telescope starts moving for the next position immediately at 
Stop time if in AUTO-UPDATE or CARD control on the control panel. 
However, if the last integration period has finished and started 
transform, the spectra are written on tape while the move is 
being accomplished. 


