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I. INTRODUCTION 

Observations of spectral lines and pulsars require corrections for 

the motion of the telescope with respect to the source. Generally, we ref¬ 

erence these velocities to the Local Standard of Rest for line observations 

and to the Solar System Barycentre for pulsar observations. This program, 

written in Fortran IV for an IBM 360 computer, computes the relevant ve¬ 

locities and frequencies using an input and output format convenient for 

most radio astronomical applications. It employs subroutines written by 

J. A. Ball (Lincoln Laboratory, Tech. Note 1969-42) to precess coordinates 

to the date of observation and to compute the velocity of the telescope with 

respect to the relevant rest frame. 

For spectral line observations, up to four local oscillator settings 

for different rest frequencies and/or velocity offsets may be calculated 

at one time. For pulsars, the apparent pulsar period and a related timing 

frequency—used when synchronizing equipment to the pulsar—are calculated, 

along with as many as two LO settings for associated spectral line obser¬ 

vations such as observations of hydrogen line absorption against pulsars. 

The program permits uniform variation of the pulsar rest period with time. 

The following sections describe the input and output formats of the 

program and discuss the accuracy of the calculated velocities. An abridged 

set of instructions is printed on the first page of output each time the 

program is run (see page 10). 

II. INPUT 

Data input is organized as data sets, one data set being required 

for each source. In general, data which does not change from one source 
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to the next, such as telescope coordinates, need not be re-entered with each 

data set. However; if part of the data on a given card is to be changed, all 

of the data on that card must be re-entered. Many parameters are preset 

within the program. For instance, site coordinates are preset for the NRAO 

140-foot telescope, and local time calculated is the U.S. Eastern Standard 

Time. These preset quantities may be readily changed to suit other observa¬ 

tories . 

Each data set must start with a Source card containing the source 

name, coordinates and epoch of the coordinates. Subsequent input cards are 

identified by a letter in the first column: 

S Site card 

L Spectral line card 

P Pulsar card 

D Day card 

Y Year card 

E End card 

The first data set must contain at least a D card and either an L 

card or a P card. Up to four L cards may be entered in a data set, unless 

a P card is entered when up to two L cards may be entered. Every data set 

must end with an E card. Cards between the source card and the E card may 

be in any order. 

Input format for the first card is 5A4, 3F20.0, and for all sub¬ 

sequent cards Al, IX, F18.0, 3F20.0. Note that all input numbers are as¬ 

sumed to be floating point, and decimal points must be entered unless the 

numbers are right justified. Input format for coordinates is HHMMSS.SS... 

or-DDDMMSS.SS... for hours, minutes and seconds and degrees, minutes and 

seconds, respectively, with no spaces. Leading zeros may be omitted. 
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Detailed descriptions of the input data for each card are now 

given. 

Source Card 

Input data: Source name 

Right ascension (hours, minutes, seconds) 

Declination (degrees, minutes, seconds) 

Epoch for coordinates (years) 

The source name may have up to twenty characters. If the epoch is 

an integer number (e.g., 1960.0) the coordinates are assumed to refer to 

the mean place at the epoch given. If the epoch is not an integer (e.g., 

1969.8, 1960.000001) the coordinates are assumed to refer to the apparent 

place at the epoch given. If the epoch is omitted (i.e., left blank) 

1950.0 is assumed. 

Site Card 

Input data: Geodetic longitude (degrees, minutes, seconds) 

Geodetic latitude (degrees, minutes, seconds) 

Geodetic elevation above M.S.L. (m) 

If a site card is not entered the coordinates of the NRAO 140-foot 

telescope are taken. To preset the program for a different telescope, the 

coordinates on card 502 and the elevation on card 194 should be altered. 

Spectral Line Card 

Input data: Rest frequency 

Velocity offset from LSR, (km/s) 

Intermediate frequency 

LO multiplier 
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The local oscillator reference frequency (LORF) is calculated as¬ 

suming the Doppler-shifted line frequency f seen at the telescope is 

f = f (1 - -) = M • LORF + f 
o c IF 

or 

LORF = [fo (1 - - fIF]/M 

where 

f = rest frequency 

v = velocity of source with respect to the telescope 

f _ = intermediate frequency 
i.J? 

M = LO multiplier 

The rest frequency and intermediate frequency must be entered in 

the same units and be such that the output frequency has sufficient signi¬ 

ficant digits. For example, for rest frequencies of 1-2 GHz, the rest fre¬ 

quency and intermediate frequency are generally entered in kHz. The inter¬ 

mediate frequency is positive when the signal frequency is above the LO. 

The source velocity offset, is with respect to the local 

standard of rest (velocity of sun with respect to LSR is 20 km/s toward 

18h, +30° (1900.0)). 

If none of the L cards entered for a given source are changed for 

the next source, they need not be re-entered. However, if any changes 

are required then all L cards must be re-entered. 

Pulsar Card 

Input data: Period (sec) 

-15 
First derivative of period (sec/sec 10 ) 

Julian day to which period is referenced 

Timing factor 



The period should be referred to the solar system barycentre; how¬ 

ever for most applications the heliocentric period is adequate. The pro¬ 

gram computes the velocity of the telescope with respect to the heliocentre— 

planetary effects are not included. This is discussed further in the 

section on accuracy. 

If no rate of change of period has been measured, enter zero for 

the first derivative and a reasonable value (say 2,440,000.0) for the Julian 

date. 

The output timing frequency is calculated using 

f = —?— 
timing P 

apparent 

where 

F = timing factor 

P = pulsar apparent period at the telescope, 
apparent 

To calculate P , the rest period of the pulsar at the time apparent 

of observation is first calculated and then modified by the Doppler factor. 

If a pulsar source precedes a spectral line source in the input 

deck, then at least one L card must be entered with the line source, other¬ 

wise it will be assumed to be a pulsar. 

Day Card 

Input data: Start day (EST) 

End day (EST) 

Minute step (min) 

Hour angle range (hr) 

A day card must be entered with the first source. The start and 

end days delimit the range for which calculations are made and are given 
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as day numbers (e.g., 193.5, 368.0) in Eastern Standard time. The time zone 

(5 hr W) is set on card 184 and may be changed if necessary. Day numbers 

entered may be negative or greater than 365 (366) to allow for calculations 

extending through New Year. 

The minute step is the interval between times at which frequencies 

are calculated. If it is not entered (i.e., the field left blank) the pre¬ 

set value of 30.0 minutes is assumed. This preset value may be altered on 

card 752. 

The hour angle range gives the interval on either side of transit 

for which frequencies are calculated. If it is not entered, frequencies 

are calculated when the source is above the horizon and when the hour angle 

is less than seven hours (as for the NRAO 140-foot telescope). The hour 

angle limit can be changed on card 182. If a zenith angle limit other than 

90° is required it can be changed on card 178. If the hour angle range is 

entered on the D card the hour angle and zenith angle limits are over-ridden 

and negative elevation angles can be obtained. 

Year Card 

Data Input: Year, e.g., 1971.0 

The year is preset on card 192 to 1970. If the preset year is re¬ 

quired, no year card need be entered. 

End Card 

Data Input: No data 

Each data set (i.e., source) must end with an E card. 
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III. OUTPUT 

The output is grouped according to source and has one page of output 

per transit. Asterisks are printed on the page fold to mark each new source. 

A header page for each source lists all input or preset data, the LSR off¬ 

set in frequency units and the precessed coordinates. For each transit the 

source name, precessed coordinates, rest frequencies, LSR and heliocentric 

velocity offsets. Eastern Standard day, date and UT day number for the first 

line of calculations are printed at the head of the page. For pulsars, the 

heliocentric period at transit and the corresponding Julian day are also 

listed. 

Each line of printout gives the local sidereal time, Eastern Standard 

time. Universal time, hour angle (east and west), local oscillator reference 

frequencies for rest frequencies 1-4, telescope azimuth and elevation and 

velocity of the LSR with respect to the telescope. For pulsars, local oscil¬ 

lator columns 3 and 4 are replaced by the timing frequency and apparent 

pulsar period respectively. Unused columns are filled with asterisks. 

Calculations are performed at rounded Universal times. When the 

Eastern Standard day changes, a new day and date line is printed, and if 

more than one page of printout is obtained per transit a space is left at 

the page fold. 

IV. ACCURACY 

The basic subroutine used in this program—DOP, written by J. A. 

Ball—computes the velocity of the telescope with respect to the helio- 

centre and the sun's motion with respect to the LSR, both projected on the 

source direction. This subroutine requires no change from year to year. 
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Its accuracy has been checked by comparing results with those calculated 

from a solar system ephemeris tape generated by Lincoln Laboratory of the 

Massachusetts Institute of Technology (kindly provided by Dr. I. I. Shapiro) 

Velocities given on the ephemeris tape are normally used for planetary 

radar observations and are much more accurate than those calculated by the 

subroutine. Comparison of velocities calculated for a source near the 

ecliptic for a wide range of days in 1970, 1971 and 1974 showed that the 

heliocentric velocity calculated by DOP has a maximum error of about 

0.005 km/s. 

Strictly, both spectral line and pulsar Doppler shift calculations 

should be referred to the solar system barycentre rather than the helio- 

centre. (Most spectral line velocities are additionally corrected to the 

LSR.) Data from the ephemeris tape for the same years as above showed 

that the maximum difference between velocities referred to the heliocentre 

and those referred to the barycentre was about 0.010 km/s. This there¬ 

fore is the major error in the program. It is however only varying on a 

time scale of the order of years. 

V. AVAILABILITY 

The program is written in Fortran VI language for an IBM 360/50 

computer. Copies of the listing, source deck or compiled deck may be ob¬ 

tained from either author. The compiled program is stored on disk at NRAO. 

See the NRAO standard write-up for details. 

VI. SAMPLE INPUT AND OUTPUT 

The following pages list two typical input data sets (1 line source 

and 1 pulsar), and some of the program output for those sets. 
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NATIONAL RADIO ASTRONOMY OBSERVATORY 

Charlottesville, Virginia 

October 26, 1972 

MEMORANDUM 

TO: Users of DOPSET 

FROM: M. A. Go 

SUBJECT: Correction of Errors 

Don Backer (NRAO) has found two errors in DOPSET which should 
be corrected. Both errors have been corrected in the NRAO library 
program. 

DOPSET has been relocated in the NRAO program library. (Sim¬ 
ply remove the //JOBLIB card from the JCL cards of your old deck.) 

Error 1: 

In subroutine DOP, the radius from the earth's center to the 
observer has been calculated using geocentric latitude rather than 
the correct geodetic latitude.1 To correct this error, move the block 
of cards DPST 1628, 1630, 1632, 1634, and 1636 to the position imme¬ 
diately following card DPST 1650. Be certain to renumber these cards 
sequentially after repositioning. 

Error 2: 

In REAL FUNCTION EUT, card DPST 1364 contains an incorrect for¬ 
mula to compute mean sidereal time. The correct formula should read 

DST=0.2783295623D0+(8640184.665D0*DT+O.O929D0*DT**2)/864.D2 

The magnitude of this error has been approximately -25 ras. 

See American Ephemeris and Nautical Almanac (1972) p. 517, 518. 


