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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



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:

: Site card

: Spectral line card
: Pulsar card

Day card

: Year card

End card

H < g "W -0 wm

oo

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, 1X, 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.



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. 1If 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, Voff (km/s)
Intermediate frequency

LO multiplier



The local oscillator reference frequency (LORF) is calculated as-

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

- Ve oo
f = fo (1 - C) = M « LORF + fIF

or
LORF = [£_ (1 - %) - £1/M
where
f0 = rest frequency
v = velocity of source with respect to the telescope
fIF = intermediate frequency

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, Vo £ is with respect to the local

£
standard of rest (velocity of sun with respect to LSR is 20 km/s toward
18", +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 Papparent
where
F = timing factor

ulsar apparent period at the telescope.
apparent P PP P P

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



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, TIf 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.



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.



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. AVATLABILITY
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.



A *o0¢
°9 *000051
6°B6L
°009818 26¢2°60I0Yhe
E°BEYEZYS

*9 *000051
*9 *000051
°9 *000051

‘0l

0°€s0060

1NdNI

*LEI

*0zZ
8Y°ShGEZBE

1950%2

80°1162¢€E0

‘0l

*8l

*81
*LEI
8°16L061

3

‘L2t o

*10yS991 1

ES" ¥a0G6L S
9LOGG8IGHTIL"O d
yG+62¢E0D

3

*85EL99T 1
*8GELI9T 1
*10%s99%9t 1

*LZt @

(HO 6%M) 0°0+Z"EhD



I Ll A I I I T I e I I LIy

* 1vd *v °f A8 ¢0INT *3JAON *J¥00) 4400 SINLLNOAENS 3
* JL5T AdVNNYT *
& NOQYOD °v °W INV JILSIHINVN °N *4 Ad NJLLIuYM 3

R e s R A R A L R
J¥d400/4WIN4=D31N4

tAd QOT¥3d A3LJIHS d437d400 UNv 40LIvd INTATIJILINW

dvSINd  IHL 01 AININD3IYd INIAWIL 3HL 3Lv¢T1d4 SNOILVINDTvI dvSINd 3HL

(AON3IND3dd TVYNIIS NVHL $S37 SI

dWO3d4/(4104d3-(3/44213A-"1}«Dd1S53d) =447

SVINWEO04 341 OL ONIJ¥0JII7 44071 S4LNdA0D WVHIO0sd 3HL

13S vivQ 40 JN3 403 300D 3
SNOILVINDTIVI d0d4 dv3IA INIJIND YAN
agdv) 4v3iA 404 3303 A
S¥N04 NI 3INvd 3TON7 dNOH VH130
“27v) N3I34138 (SILNNIW) TIAIILINI d1SNIRW
153 *Av0 ONLAY3IS3E0 1SV AQAON3
1S3 *Av0 INIAY¥3ISA0 L1Sdld AQLY¥LS
gdv) 3Lva 404 330D a
3SINd INIWIL ¥O0d ¥0LIOVI °LINNW dWINd
(SAVQ NVITAr) HO0d3 Q01434 N19T140
ST-%%x0T 40 SLINN NI ) GOla3d 40 IJATLVAI 30 L1S414 Adad
SON0J3S NI a0ld3d4 ¥¢¥sIN4d aorid34d
Gdv) ¥VSINd 434 400D d

AIN3IND3Id4 3IN3IY343d w0LvIIIISO 1vI0F =434I1
Jd0 7% 440384=034¥d I EPEEE]
07 N3HM + ) ONIXIW ¥3Ldv AIN3NO3IA4 SI 410344
(S/WX)}Y¥ST WO44 L4IHS 43744020 43073A
AON3INO3Idd LS3d 3INIT 04153y
g¥vd 3INIT =04 300D 1
SY3L3IN NI NOILVAITI 3LIS A313
(°°°5°SSWWa0)3aNLILVYT 3118 vl
(*S*SSWWJJ3)13QNLIONOT LS3M 311% OND 1
Qdvd 311S 404 300 S
*eeXXXXX)}3IA08Y 40 HIO43 HJ04d3
(°°°S°*SSWWOQINDILVYNITI30 J3a
(**°S°SSWWHHINOLISN3ISV LHOId vy
IWVN 3IY¥N0S 32dN0S

$SM07704 Sv O3IN[430 JYV S4313WvAvd LNdNI

*SHUSIY3ILSY HLIM 337712 34 TT1M 03d41N03Y LON SNWNTOD LN4INO0 °*SCGYVI-T ¢ SY ANVW SV ONV 0dVI-d 1| 20
$SJWVI-d ON ONV SQuvI-1 % SY ANVHW SV 3JAVH AVW 1d4S VivO HOv3I °3JdV)I-3 Nv HIIM

ON3 ANV 0dVD 32dN0OS Vv HLIM NI93d LSAW L3S 04V) vivd JAQav 3HL

(0°02de*0°BI4*XT41TV) 3
{0°0Z3€*0°BT4¢XT4 1Y) YANS A
(0°024E*0°BI4*XT*1IV) VHI40'dLSNIW*AGAONT*AQLY LS
(0°0Z24e40°B14*XI*1IV]) dWTINd*N19190*AY0d*00IY344d
(0°0Z4E¢0°RL4*XT*1V) JWDINS 10T 444440T3ADILS YT
(0°024e*0°8I4¢X1¢1V) A3T34LVICINDTLS

(0°024€*9vs) ¥20d3*23a'vy¢3IIyYNos

$SMO1704 SY 3YV 13S40Q ¥0J SLVWYO03 GdvI LNdNI

1Nd1no



00*20005T1
00°000051
00°00D0ST

Eh

30°9
00°9

30°9

dIITSILINNA

9e*oL6l
00°Ds61

HJDd3

S¥313W4 08°218
Ok3*61 92 8¢

0LY%*6 ¢ b6l

S¥NIH 8%°9
01
12 LEl
12°L21
OL1I%"5G-
9011°001~
1e66°66-

135440 AON3NO3¥d4 uST

9%1°9E ¢ 6
000%es O 6

S N Q
NOI1VYNITD30

NOISN3DSVY LHOIY

N3IlVA3l3
3aNLT LV

3GNLI9ONOT 3402531731

JINVY 3TONV dNOH
TVAY3UINI JLONIW
AVOON3

AvQlyvlsS LN

008°1s L 61

W H

(HO 6%M) 0°0+2°€%9 3DUNDS 3ANIT

44

135400

000°01 0000°*3SEL9II
000°8T 0000°BSELI?T
000*"8BT 0000°10%5991
S/HN
13S440 ALIJ0T3A 451 AJIN3IND3Y4L33Y
9ee°1s 8 61 J3355333dd

S3ILVYNIJH00)

INIT



£6%8°0Y~
£698°0Y~
0188°0Y—
%968° 0%~
ST16°0%-
€926°0Y-
LOY6°0Y -
LYS6° 0y~
£896° 0%~
2186°04%~
T%66° 09—
€900° 1%~
0810° T4~
2620° 1y~
86€0° 1Yy -
66901y~
€6590°1Yy—
2890° 14~
S9L0°1h~
2%80° 14—

c160° 1y~
9L60° 1y~
€€cO0T 1y~
78011y~
82T1°1¥-
ST 1%~
9611 1%~
6121°14—
9el1° 1y~
EAZA A & A
6921 1H-
FAZAGE S Ay

S/WA
ALIDJDT3A

69°6¢
2 Ad 41
21°es
eL*1s
G2°0s
1L°8%
T1°Ly
9%°G6Yy
9L°EY
202y
%2°0Y
hy*8¢g
09°9¢
hL°he
98°2¢t
L6°0¢
50°6¢
e1tLe
61°62
G2°te

0€e° 12
he*61
8e*L1
1%°st
sytel
6%°11
£ES%6
ts*tL
29%°g
19°¢
el
61°0-

930

99°eYT
68°6¢cl
Ye*9cl
66°2tl
28621
%3°9¢21
2i°yvel
e 1ét
28811
ZyT9tl
el y1l
95° 111
68°601
€8°L01
65°501
20°yot1
02°¢01
¥y 001
cL°85
¥0°L6

Le1

6£°56
8L°ES
81°26
19°06
sp*68
16°L3
L6°68
Y he
06°¢8
Le*18
28°6L
Le*8l

930

NOT1VA3I3 HLINWIZV

e

ok ok & Rk Rk
ook dok ok ok
Aok ok K K Aok KKK
Sk sk Rk K kK
Rk kKK
Bokod ok ok & ok koK
feokok ol o ok ok
R ok koo Rk ok
Rk g o o ok A
Aok ok ok Kok K kK
Aol oo oo e o o ke
R oK ok s ok KoK
Aok ok ok R ok K
Aok ok e ek
At ok R R R ok
EE R AR
Bk ARkl R AR
ol ok K K koK kK
Aok ook & e ok ok
2o e A e ok ok sk ok oK

YIBWAN AVE L

ok ok ok e Kok
Aok o g ko ok ok oK
ook Rk ok Kk
Aot ok e Kok koK o
ok ook koK kR K
T T T I AL
ook ok ok Rk
oK K K kK kK
A Rk gl e ook K
ok o ook ok
R sk o o ok e ek o ko
T i It L

% AJIN3NO3Yd
01

d3IGHNN AVO 1N

1
5
5

135440 ALIJDT3

Bs66°126262
3019°126242
[629° 126262
¥6£9°12625¢
hE53°125252
1L99° 126252
»089°12626¢
Y€69°125252
090L°125282
ZBIL 125262
00eL°126252
givLl12626¢2
1esL*125282
629L*1262582
geLL 126252
318L°126252
?06L°125262
L85L°125262
»308°126262
GETIB®1¢526¢

1 0L61

00¢8°1¢252s2
56¢B°126262
2le8* 126252
56e8°12526¢
00¥8°12625¢
gev8 125282
£E9%8°12625¢2
38¥8°12626¢2
0068°12626¢
5068°12526¢
2158°12625¢2
5363°12526¢2

€ AIN3INO3Y3
01

L5°L-

2¢d2°0

23°9

S/HMN

A JD1dLIN3J0I13H

SE°O0L6T HIDd3

0L61

2d081°¥1525¢2
0551°%1525¢2
6602°%1525¢
8edl°H1525¢
8LeC* 15282
6162°»1525¢
8¥32°%1525¢
8LL2°%15252
%062°%15262
920e°%15625¢
Yh1e*v1e62s2
152e°%15262
gee*H152s¢
69%£°%1525¢2
L96e*H15262
099€e° 916252
8YLE* 15252
TeBE® 15282
806E° 915252
6L6ERT526¢

AVA L

hHOp H16262
€0T1%°%16262
951%° 516252
€0ZY°H16252
YH2Zh H16262
6127916252
LOEY°H16262
62EY° 16252
YHEY 16262
EGEY°H16252
95EH°H16252
€3€Y° 16252

Z ADN3ND3Yd
01

AVH 9

000°0
000°8
000°8

S/a

1
1
1

9885°18625¢2
%€02°886252
0812°385252
2Zed*3852s¢
294%0°88623¢2
6660°88523¢
2eld*88s6ese
¢980°886¢25¢
885)°38525¢2
6011°88625¢
L221°88625¢
0%€1°38625¢
8yy1°886235¢2
1661°88525¢2
2691°886252
£vl1°886¢25¢
1€81°884252
£161°88525¢
0661°88623¢2
1902°88525¢2

AV3J3Y¥IHL

9212°88626¢2
6812°385265¢
Be22°885262
$822°885926¢
92el°®886525¢
03ec°88625¢
68€2°88525¢
01%2°88626¢
9¢%2°885262
6EyZ 3BGeSs2
8e#%2°886¢25¢
bev2*88629¢C

T AIN3IND3H4
01

AVGSING3IM

13S3d40 ALIJ013A duST

620°3¢ ¢

6

233

(HO 6%M4) 0°0+2°€%9 3IDAUNOS 3INI1T

161°1% 8

01 61 13 0
116213 0
ET 6E I 3 O
st 6% 1 3 0
91 66 1 3 O
81 6 23 0
02 6123 0
1262¢3 0
eZ 6e 23 0
G2 6 2 3 0
92 65 ¢ 3 O
B 6 ¢ 3 0
0e 6T ¢ 3 0
Ic 623 0
te 6€ £ 3 O
e 6% ¢ 3 O
e 65 £ 3 O
de b ¥ 3 O
6c 61T ¥ 3 O
Iy 62 %3 0

AV] JdvINVLS Nd3is
gy 62 ¥ 3 0
Yy 6% ¥ 3 0
I 65 ¥ 3 0
8 6 5 3 O
6% 61 6 3 0
362613 0
36t 63 0
5633 0
5656563 0
36 33 0
55 61 93 O
1 023 0
S W H S

VH

AvQ GJvANVLS NY3ILSV3

33232°36EL991
03JJ30°36€L991
3023)° 1044991
AININO3IYI LS3d

51 v

[FANTa NV WTa W TaWTo WY oIV o e JEVo B o B« 3 ol af il i i - < - 2

MHOUMUOHMIITIIITT :l_,

b=

[aNololoNoNoNoNojoloioR-NolloNaNoNai-Neo ol

[cNeoNeNoNeNeoRalolloNooNe]

wv

3ININ
3NIT
INIT

o1

4
034
0¢
ot

-

2
0oy
0t
0¢
ot

3
oy
0e
0z
o1

OO OOOCOOmmmmemONNNNNNOM

62 1
61

66
6Y
c E1
8Z &l
86 21
8t

W H
181



?60E°JY -
960€° 29—
SOTE®IY-
121€°0h -
ey 0y -
2l1e*0y-
802€°0h~
182€° 0%~
T0€e* 2y -
LGEE DY~
619e*0h~-
68%c*0v—
y95E 0~
9%3€° 0k~
7ElE*OY—
L28€°0%-
LZ6e* 09y~
AL Adv L A
EY1H°0b-
6624%° 0%~
o8eH* 0w~
90S%°0%-
LE9Y*0h -~
Ly 0y~
T16%°0%~
%6050k~
1025°04-
26E5°0h -
§065°0Y -
2996°0%~
1285°0%~
€865°0%-
9%19°04-
21e9° 0%~
6L%9°0%p-
L%99°0%~
9189°0%~
3869°0%—
9ST1L 0%~
Q2elL*0%~
96%L°0%-
993L°0kp-
YEBL 0 Y-
T008°0%~
LI18°0H—
Teeg° 0y~

€e°1

Li*g

12°s

91°L

21°6

BO°TT
%0°€1
00°s1
L6°91
£6°81
68°0¢
y8*2ce
YR ¥4
ZL*9e
59°8¢
Ls°0¢
Ll7*2¢
SE°hE
12°9¢
s0°8¢
L8°6¢€
S9°14%
0#°ey
11°6%
LL*9Y
8e*BYy
£E6°6%
Zy*1s
£8°¢25
91°%g
0%°ss
£6°9¢
§6° LS
79°8¢9
B1°665
8L°6%
€¢°09
06°09
09°09
%6°09
0e°09
68°%5¢6
2e*6s
29°86
HL°1S
9L°9¢

96°08¢
96°8L<C
eyl
B8°6Ll
SeE*hlZ

18°2:12

Lze1eLe
2L%6392
61°892
95°992
G6°%9¢
1£°€92
79°192
£5°662
L1°862
Le*95¢2
16°%52
86°25¢
85°062
0g°8%2Z
HE*9H2
Lo*whe
69°1%2
61°6€2
G5°9€2
JL*ce?
18°0¢c2
69°L2¢
Be*wee
LB*0Z2¢
S1*L12
12°€12
90°622
IL*Yd2
$1°002
T1v°661
¥5°061
96°681
€6°081
6%°SL1
06°0LT
09°691
£8°091
%#2°951
€8°161
LERIR A

Bk kA Rk R Rk kX
Baok gk dokkkkk ok k
Wk kR KRRk &
ok koK ok e ko
fkopkk ok ok fokok ok &
Kkkhhhkhhhkknkd
sk okofok ok ok Rk K ok
Ekgokk kR R RRE Rk
Tk ok e R hokkokk ki
ook gk ok & ok
ok Rk Rk Rk Kk
Mk kk ok hkdok gk
o o ook ok ook &
Ak k Rk Rokk
o oo ok 2ok okl &
dokokok fok KRRk ok Kk
Wk ok ok Rk &
Rk kk kR kK
Rk khh ik kdokkkk
sokgokok R gk ko K &
Rl kk kkdodkokk
Bk ook oKk 0k
Aok ok o ok Kk
ARk Rk Rk kR k%
kk kg kK
RhkkRE Rk kR kK%
oo e ok ok Ok
BRKER KRR KKK KK
oo ok e ok ok
ook & ok KoK ok K
Rk kdkkkk kR Rk
Aok koo ook ook
Bokofodod o ko ok ok Rk
Rk ook K d koK Rk
ok R koK Rk K
Wk Rk kkk kR
Rk R R R kKKK
ek k kR kR kkk
Aok fokok ok K ok Rk ok
Kkkrk kR dkkkokk
A ok A ok e ok ok K
Rdk ko ko
o e g ok K e e ok
ARk Ed Rk Rk
e s ook o ook ok ok o o e ok
Sl gk ok Rk & kK

t560°125¢25¢
6660°12526¢
£950°126252
LL6d*12625¢
B550°12626¢
62l01°125262
6601°126¢6¢
B601°126¢52
PR11°12625¢
I6T1T1°126262
b321°125262
5TeT°126¢52
58€1°12625¢
?IP1°12626¢2
9h51°126252
Ee91°1252¢67¢
52L1°126252
€ZB1°125¢62
6251125262
€e02° 126252
gh12°126252
g9¢i 126282
€E8EZ° 125262
B0SsZ° 126262
Le9e125¢2s¢e
dLLZ°126¢5¢
306¢°12625¢2
9v0E°125¢52
8B8Tc*12625¢
teee* 125262
IBye° 126252
1e9e*126¢s¢e
Z8Le*126¢5¢
9eb6e° 126262
160v°125¢6¢2
Ivero126252
E0%¥%°12525¢
1964°12625¢
BlLy°12626¢2
ILBP*12625¢
eels* 126252
06T5°126¢26¢
Lyes*1z6dse
Z0s8s°125¢5¢
§696°12625¢
L08G6°126¢52

L6L9°€16252
6619°£16252
L389°e16¢252
1¢89°¢c1625¢
Zr89°ET6CSC
6939°e1626¢
€069°£1625¢
Zhr69°E1625¢
8859°€1625¢
ovCL*elpEse
860L°E1625¢
EQTL ET6CGC
gecLe162se
BOEL ETHE5C
06eL°e16262
LLyLl*e1625¢
696L°e1625¢
L99L%els2s5¢
69LL°E1625¢2
Ll8L*ET6CSE
585L°e16265¢
9018°e16¢5¢
122 e16252
25£8°€1625¢
18¥8°€16252
7193°€16¢5¢
oslBtelsisc
0688°E16252
Ze06°c16252
LLTI6°ET6CSE
Gled*elbese
SLy6°€1625¢2
9295°£1625¢2
08L5°£1625¢
GE66°ET6CSE
0600°»16252
Ly20°H16282
G0%0°¥»16262
2350°»1625¢
02L2°%1625¢
8L80°7T162572
%e0l* k16252
1611°%16252
9vel*»16252
66%1° 916252
1591°»1625¢

§88%°13525¢
068%°L8625¢
868%*L3525¢
Z16%°18925¢2
EE6R*L13625¢
096%°L35¢25¢
e66%°L8sdal
£€058°L3525¢
6L26°LBsesce
1£15°L385¢5¢
6816°L35¢25¢
€526°18626¢
€2ES° 1352682
85€6°18625¢
08%5°185¢5¢
L956°L85252
6595°£8525¢
95L6°L365¢25¢
668G6°L3525¢
?965°18525¢
8L39°L38625¢
6619°L3625¢
91€9°£36¢26¢2
1%%9°18525¢
0Ls3°LB8525¢
€0L9°L 85252
6E89°L8525¢
BL69®L3G2GL
02tL*L8sdse
692L°tL3s525¢
2iyLeL3s23ac
¢9sl®L8siad
9TLL®L35282
L98L°13525¢
1208°L8525¢2
LL18°135252
ye€EB®LB85Z5L
16%8°13525¢
6%98°18526¢
9088°L35¢5¢
£368°13625¢2
0216°L8525¢2
9L26°L3924¢
Tev6°L36252
%856°18925¢2
9el5°L8GZ35¢

N YUY N D O et MU

Uy U WY BY U Uy

~
¥ T

N

u
9

O~ NOLDNY W~
us

NN N
—t N

15

Tt
12
It

61
62
6t
.34

-~

2

~ OO0 00DDO0O0O0O0OOO ™ MMkt i+ (NINANINNNMUMOMOMIIIITIIT OO ONNND OO

VWU WUWUWXZZRTIRZZETITIZTITIZTTTXIZITZXZZTZZTTXTIXIIXIITIXTETT XX

[<N-N-NJE-NoR-NoNeloNoNoNeNoNoNoRaNoNoNoNoNoNoNoNoNaRaNo o sNo N NoNo oo NeNoNoNoNoNoNo o Rala]

DBDODOCCOCCOR

[eNoNeNoReloloNoNoNeNooNoNoooaoNoNoNoNoloNoojoNoNoooooNoNooleoleNoloNoNooNo o No o Ne]

M EOEMIITITTIFIFFLLNOVENOVOOVOLVYVYOMSNSNSEFAMCODLDLDOOCOCOCOCOO

95 O€

IO WO O QO Q) et ot ol o



00°303051

41

L}

$33134 DS°8B5L
Jgy*sy 5Z BE =

JEa®%s 06 5L =

SdNIH 00°2 =
2 =
12°Le1 =
I12°L21 =
20°3 PEJT* LTI~
431741 LINA 135443 ADN3INIIUI 45
30°029318 202522°5010%%<

d4010vd4 3Evd 3ISTd

(SAVI NVIINC)INIDIN]

9e°0L5l1 Iy Es BZ & 35

J0°0651 JIE®*Be  H¥Z ¥4 08)
S A a

423d3 NJILVNID3D N

3462

434
135423

NIILVA3T3

33N111YY

33NL19N37 343253131

IINVY FTIINV ¥10H

T7AEG3IUIND 3LINIA
Avaan3a

AvQlaviS 1IN

232°0¢

S/AN

135443 ALIDIT3IAN ¥51

00213)°¢

5T+3°(5/78)
JAILVALIY3T 1S¥ld

*1y 0t E
*It 52 E

S A H
JISN3ISV LHOI1Y

te0 ¥vsInd

333210373331

IS AERLELEIREL ]

203382333150 1L°)

5
331434

J33553233d

N3AID

S3ILYNIJ43I)

NI



8ezL*L
INAY RS
600L°L
9889°L
09L9°L
2E99°L
2069°¢L
yLES®L
L9229t
¥el9°L
903239°L
#685°L
06Ls°L

S/AN

ALIJ273A

he®s9
6L°L3
L6°563
6L 1L
el°el
S8°EL
L8 €L
gl°tL
8B° 1L
80°0¢L
16°L9
B¥°99
98°23

93a

93°61¢
?9°elt
66°82¢t
#6°5ec
23 he
87 k3t
L5°%%
95°41
§7°el
89°0¢
11°3¢2
L1*0Y
Zlceh

930

NJILVAIT3 HLWWIZV

Let

€E2395LE3r1L*D
€I5E5LE5RPTLD
P5116Lesy L)
8223%LESY1L°0
8126k Lesh1L*)
La12hlESHTL®D
BLIGELESYIL®)
?109eLesy1L°0
12deetesy1L*D
6300eLE5%TL*D
E3ZLZ2LESHTL®D
£EBGHYZLESHTIL®O
35322Le3k?1L*d

J3s
03143d

d3GWIN AVD L

153¢YZ°»1L0%%2

1

1L50°9e35711
L552°3€E35%11
3HYT1°9e35711
Li61°*9e339711
5582* 3235411
268¢2°3e35%11
78te*3e9571Il
5LBe®Ie?5h1T
8G9e 233711
32B7*3c33vIll
)82S8° 33511l
BJILG*9E35¥11
L019°9z335711

AJN3N33dd
INIATL

) 0L51

43BANN AYT NVITINTG Lv S3INIDI3IS

5L°51
S/AA

135443 ALIDJT3IA D1YINIIIITIA

SE*ILST H423d3

ARk RE kbR Rkl
Hetrdmok Rk Kb de kA
kXK ERRREEERK
kRO R R K hkE X)X
RERERE RN ERERER
AAREE R AR KRR EREK
Ak ERERRKEERKE
T EI Il T
ArRr kR REk REg
AekREEE R R RE R
kbR bbb okikk
AR e R K&k KKK
Rkk kR kR bRk bRy

2 AJN31234d4d
31

AVA L

3023°3¢
S/aN

6%31° 145252 b7 )3 T 4 )
esll*1hsZa Iz Jde T 4 )
1931°1%3232 e L T % )
§L61°Ihacse 6 )5 ) 4 D
2622*1h5252 e Jde ) M )
1122° 1958252 ce JT ) % )
OteZ 145252 525 23 )
bYye°1hvseéac € 62 2 3
9362°1v5252 ¢ 5% ) 3 )
083¢°1h5l52 6t 5 1 3 )
o6Le*Ivadaz e7 32 1.3 )
£€682° 1975252 7 5% 1. 3 2
0652°1%5232 5.5 2.3 )
T AJN3INDIdd S A4 4 S
) 74
AVISYNHL Avd
L2255931671L°D

135449 ALIDI13A ¥S1

521°73 8¢ v

us

-
k)

MEN

Jes

Y3+462€0 d4vsNnd

33222° 1275971
AJN3T33dd L3534

*Iy Je & ¢4

Y
27

2%
ML
N4

dY
VI

QY

~
—
VCOUVUVLVLOLODLVODUULOO

p s
[%e]

JYvINVLS N331S5v3

51 3J0143d LI35Vv¥L

[ 3INIT

e R R Tt RIS S SRS TRV

XL



28ze”L
cileL
96JE°L
YEGC L
6082°L
189¢°L
gss¢°L
L\ ZATAN
L622°L
€L1Z°L
¥632°L
1¥61°L
GEBTI"L

S/
ALI3313A

8% %9
ce"L9
Ls*53
LY* 1L
16°2L
9L"EL
¢6°EL
Lte*el
BI*¢2L
9%°0L
Je°82
L6"G9
5€°E?

930

00*61¢t
9L*22e
éa*Lic
by hie
gl*Z%c
Gh*Zse
és°e
80°€1
Ly*ee
Er*62
Il*sc
L?*6E
4 AK44

930

NJILVA313 HLWIZV

3zI

ESE299EERTIL"D
1elb52E5HTL"D
©35953EabIL")
550H59€E3YIL°D
SIJTSIESPTIL®D
L12BH3ESYTIL"D
b5y IESHIL®D
133199e591L°0
0933E2Ea%IL"°D
9L6GEFESHIL"D
03JEc?2E3¥IL"®)
G3EDEPESHYIL®D
133L23€3%1IL°D

J3s
031d3d

438NN AV L

DI56E2°3T1LOYYE
i
135440 ALIDDN3

5B98°Ledavll dahakkbkbbohkokk CTES"1Y523C 37» 73 1 v ) 02k 51 0
I019°LedsnIl wknkkhkkokbagx ETHP5°1H5252 Zh ke T %W D 22 51 J
1662°LE?5711 Akkekkkhkexokk 1265°1¥3232 5t 1 1T 4 ) ) 51 o]
FIOLLEISHIT ek kkckkesrx HEII IHEESZ 92 #3 24 ) 2w B8l J
seyLlLeasnll kkxakkekkdkx&k JQGL5°1P5C232 te Pz 2 M ) 02 31 J
PBHLLEISPIT ok xkkEekkkkkex BIBG IY¥SESC 52 »1T 2% 23 2 31 b}
gLy3°Ledsyll EEkkkrbckekkxkk 58551756237 te 3 33 D 0% LI J
8968°Le3snll kkakrbxedxske LIT9°IH3238 ¢ 32 )2 3 ) JZ L1 o}
Zgh5°Le25?211 Fhkkbrerbbexkr 229195252 Jr 5% 2 3 3 ) LI 0
pZo5°Le25vll ehxhkekckEexkk BEeP°Iv525¢2 e7 5 1.3 J 2% 31 J
SLED*3Ed59I1 Ehkkbbokkekrbex SYH3°IY5257 37 32 1 3 ) 22 91 2
TIBJ°*BEI5P11 Fhkkkkr bbbk E55971%525¢C 5% 3 1T 3 23 3 91 0
§121°3e7avl1l ks kkkkkkkkkx 16932°1v3252 €3 3 23 2 3% 5 o)
AININD3I Y4 2 AJN3D3¥d T AIDN3ND3IAMI S A 4 5 A 4 S
INIANIL a1 31 vH L1
] oL51 AVA B Av3Idd A¢] Jd¢INVLS N93L3v3
d4384ANN AYD NYIONAM L¢ SONJI3IS 6BE6HGIBISHIL®)D S1 J331d3d L13Nval

50°51 o Jo 1 Rl 74 JXX3IX°0D273731 T 3Nl
S/nd S/aM
A 21381N3221734 13440 ALIDJD13A S AJDN3IO3dd 1534

GE®*ILS5Tl 431d13 Lvy5*z8 82 %3 231 lea*lh Jde € ¥4

y3+62c) o

vsInd

1
71
LAY
el
el
El
21
4
Z1
11
11
11
1

i3]

TN DN NN N D DN n
(SR W NN

3
N

131

et TN (NN PN T F T U

E N



Accuracy .....
Angle, hour...
Availability..
Ball.ooouennns

Barycentre, solar system...

Cards, data (see data cards)

Coordinates, astronomical.

siteees

Data cards,

Source...

Site...ee

Spectral.
Pulsar...
Dayeeesss
Year.....
End...o.

Data setSeeeeesas

.

Declination, source.

Doppler correction.

Elevation, site....

Ephemeris.csv...

Epochonaoa.oaooa

Factor, timing..

Format, input...

Frequency, LORF.
IF...

.

.

.

.

.

.

Local oscillator.

ReSthO..‘O‘OO‘I.

Timing‘l.“.“‘..

Geodetic coordinatesS..eeeee.

Hour angle.csessessoosccanns
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Intermediate frequency.

Inputeceeceeecnssnnsens

Input, sample..sssesoss

Julian day.eeeeeeanooas

Latitude, sit€.seseases

Local oscillator frequency

.

Local Standard of Rest....

Longitude.ceeeesesnnnns

LORFeeeresnnnnnns
Minute interval..
Multiplier, LO ..
Output, printer..

sample...

Pulsar period....

Range, hour angle.

Shapiroessesescss
Sample, Input....

Sample, Qutput...

Time, local:ses..

.

.

Eastern Standard.

Sidereal..ceveeee

Universal:iceeesss

Timing factorsiesoeeosos

TranSiteeesessssseesesns
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NATIONAL RADIO ASTRONOMY OBSERVATORY

Charlottesville, Virginia

October 26, 1972
MEMORANDUM

TO: Users of DOPSET
FROM: M. A. Gogdéé'/

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.! 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+0.0929D0*DT**2) /864 .D2

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

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




