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- Abstract

The east-west radio structures of 532 sources
ﬁave been obtained with the Caltech variable spaéing
interferometer at a frequency of 1425 MHz. The visibility
functions, measured at nine interferometer spacings
between 144\ and 26267, are presented in tabular form'for.
all ofbthe sburces. The east-west source structures were’
'calculated by a model fit of the data or by a direct
numerical inversion of the data.

The étatistics of theﬁradio structures have been
analyzed. There are three major structure fypes: simple
double, halo-core and triple.. The simple double sources
have two distinct components of emission having nearly
equal intensities and diameters with the radio galaxy lying
at the center of the two components in most cases. The
halo-core sources consist of a small radio core, usually
complex, coincident with the radio galaxy and a much larger
. region of emission, the halo, not necessarily symmetrically
disposed around the radio core. The triple and mére complex
sources are discussed briefly and it is suggested that many
are genetically related to double and halo-core sources.

Other results from the observations are: a slight
correlation of the radio and optical structure of galaxies;

a difference for the N-S relationship of quasars and radio
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gélaxies based on their.statistical separation by bright-
ness temperature; a model for theevolution of a double
source in which the component separation increases at
five times the rate of the exﬁansion of the component
diameters; the lack of simple sources charécterized by
one main region of emission; and the suggestion that

3C120 and 3C236 are involved in a violent explosion.
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I. Introduction

With the exception of the work of Moffet (1)
and Maltby (2) there has been no attempt to determine
the structure for a large number of radio sources in
any systematic manner. The detailed structures now
known for about fifty small diameter radio sources have
been obtainéd by various observational techniques and do
noﬁ consist of a meaningful set of data for statistical
_purposes. Furthexrmore, there is still a large number of
bright radib soﬁrces with virtually no structure infor-
mation, The object of this ihvestigation is to obtain
the east-west structure of all the discrete radio sources
with a flux density at 1425 MHz of greater than

=26 yatt m™2 @zl (2.0 flux units).

2.0 x 10
Five hundred and thirty-two sources have been
observed using the two ninety-foot steerable paraboloids
at the Owens Valléy Radio Observatory as an east-west
interferometer, With nine available east-west spacings
ranging in separation from 144 wavelengths to 2626 wave-
lengths, source structures were determined within the
range of sizes 0!7 to 12', Because of the éxcellent
gain and phase stability of the interferometer system,
a source structure as complex as a three-component model

could be obviously interpreted from the data. For

fifty-nine sources with well resolved data, the east-west



structure was obtained by direct numerical inversion
of the visibility function.

The general techniques of the observation and
reduction of the interferometric data to obtain the
visibility function for each source are discussed in the
following chapter., 1In Chapter III, the entire set of
source visibility functions is listed. With other
peripheral data the chapter givesia self-contained des-
cription of the observational resultsrwhich may be easily
combined with future observations at other interferometer
spécings, baselines, and polarizations. In Chapter IV,
the determination of the model fit solution and the
principal solution of the source structure is discussed.
Because of the nature of the interferometric data, there
is a large amount of subjectivity in the interpretation
of the visibility function and a systemization of the
structure interpretation is given. The second section of
Chapter IV lists the east-west structure of all sources.
The statistical properties of the source structures with

their optical identifications are discussed in Chapter V.



II. OBSERVATIONS

A. General Procedure

Source List

The radio sources chosen for the observing
list were all of the known sources (March 1965) with a
flux density ;t 1425 MHz of at léast 2.0 flux units.
Sources with known radio diameters of more than 10'
were not included since the resolution at 144\ spacing,
the closestninterferometer spacing available, would
already be considerable and the major source structure
lost. Also included were weaker sources, especially those
already observed by Moffet (1) or Maltby (2), if it was
thought that interesting structure might bé present. The
list was compiled from four major catalogs: NRAO Catalog
(3), Parkes Catalogs (4,5), and the CTC Catalog (6).  Other
useful catalogs were the CTD (7), MSH (8,9), 3c(l0), 3CR
(11), PRRL (12), and the 4C(l13), as well as the observations
6f Kellermann (l14) and Kellermann and Harris(15).

‘'The lower flux density limit of 2.0 flux units
wés chosen for two reasons. First, in order to obtain
250 sources with app;eciable structure, - about twice that
number would have to be considered. Second, the flux

density of confusing sources in the reception beam of the
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antennas is approximately 0.10 to d.20 flux units and
it-was felt that the error caused by this added uncertainty
would be detrimental to the structure of weaker sources.
The completeness of the source list above 2.0
flux units is about 80 percent. Based on the catalog from
which each range of declination was obtained, the complete-

ness over the sky is given in Table II-1,

TABLE II-1

Completeness of the Source List

Declination Completeness
Range Percentage Comments
-50° to -20° >90 Parkes (4), except within 10°
' to 15° of the galactic plane
~20° to 0° 60 MSH (9), with some NRAO (3)
and Caltech observations
0° to 20° >95 Parkes (5), except within 10°
of the plane
23° to 30° >95 CTD (7)
Elsewhere 80 Mostly NRAO (3) with a smat-
tering of others

Sequence of Observations

All of the observations were obtained using the
two ninety-foot steerable paraboloids at the Owens Valley

Radio Observatory as a variable east-west spacing inter-




ferometer, The general information of each observing
sefies is given in Table II-2. Some additional
observational material was obtained at 200 and 400 feet
(Deceﬁber 1964) and 100, 400, and 800 feet (December

1965) in collaboration with other observers, The increase
6f the observing frequency for the last four observation
series was due to external interference. The small change
is insignificant and 1425 MHz @iil be choseh‘as the mean |

observing frequency,

TABLE II-2

Observation Data

Nominal _
E-W Lobe
Spacing Observation Dates Frequency Spacing Spacing

‘ Minutes
Feet  Begin End MHz Wavelengths of Arc
200 3/20/65 to 4/2/65 1421.4 289, 2 11.89

1600 4/3/65 to 4/13/65 1421.4 2312.3 1.49
800 7/9/65 to 7/16/65 1421.4 1154.2 2,98
400 7/17/65 to 7/23/65 1421.4 578.1 - 5.95
100 7/27/65 to 8/2/65 1421.4 144.4 23.81
1600 8/3/65 to 8/9/65 1421.4 - 2312.3 1.49
300 10/14/65 to 10/20/65 1435.8 437.5 7.86
600 10/20/65 to 10/2¢/65 1436.7 875.8 3.93

1000 10/26/65 to 10/31/65 1436.7 1460.5 2.35
1800 11/1/65 to 11/4/65 1436.7 2625.6 1.31

The entire source list was observed at the 200
and 1600 foot spacings during March 1965, About half of

the source list had no significant change in flux density
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and position between the two spacings. These "unresolved"
sources were then eliminated from the observations at
subsequent spacings except for an occasional check. As

the observations of each spacing were reduced, the gross
structure of most sources became obvious and only those
spacings for each source in Which significant additional
structural infofmation would be found were observed, Over
one-half of the observation time Qas saved by this seleétion
method and the number of omissions made was small,

In general, all sources were observed twice at
eaéh spacing, or more if theré was a discrepancy betwéen
the observations. Observations used as a check of sus-
pected or nearly confirmed structure were done only once.
And when the occasional system breakdowns or external
interference occurred at the same sidereal time over an
observing series, only one observation of a source was
possible in these ‘time intervals. For the most part,
only sources slightly resolved at the 1600-foot spacing
were observed at 1800 feet to better estimate their

angular size,

Interferometer System

The interferometer system used for the
observations has been explained in detail by Read (16).

The receiver used was a conventional superheterodyne
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with a crystal mixer and an intermediate frequency

(IF) amplifier placed at each focus. The system noise
temperature was about 450° K. For some of the obser-
vations, a tunnel diode amplifier was placed before the
crystal mixer with the same resultant noise temperature.
'The receiver accepted both sidebands 10 MHz above and
below the center local oscillator (Lé) frequency, each
With a bandpass of 5 MHz. In all observations the feed
horn was positioned to accept radiation whose electric

vector was in position angle zero.

Antenna Pointing

The aﬁtenna pointing correction as a function
of declination, obtained by position finding on strong
sources, was found to an accuracy of 2' in both coor-
dinates. .For sources south of -40° declination (13°
above the southerﬂ horizon), the refraction formula
0!85 cot (6 + 52275) (17) was found to be reasonably
accurate. Ionospheric refraction was entirely neglected.
In the far south within five degrees of the horizon, the
refraction can be greater than 10' and depends somewhat
on the local weather conditions; however, even an error
in the antenna pointing as large as 5' decreases the

signal strength by only 5 percent.
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The same antenna pointing position for all
sources was used throughout the entire observations,
although better right ascensions and declinations
became available from the observatidns themselves and
newly published source lists, Only in a few cases is
the difference between the pointing position and the
assumed source centroid greater than 5' (See Table III-2),
Because the structure of large scale sources is dependent
on the antenna position, it was feltithat the slight
increase invsignal by moving closer to the centroid of

radiation was more detrimental then helpful,

Technigue of Observations

All of the observations were taken within 20
minutes of transit to insure a nearly east-west effective
baseline. Errors introduced by a slightly off-transit
observation willnﬁe‘discussed later. The average length
of an observation was six minutes. For a 450° K system
noise temperature this length of observation produces an
effective noise RMS flux density error of 0.08 flux units
which is already quite small and even less than the RMS
confusion level of 0.12 flux units at all spacings.

| Since both sidebands were accepted, extra

delay, in the form of IF cable, was added into one of the



antenna lines to keep the two sidebands in phase coherence,
For all excep£ the 200-foot March 1965 series, additional
phase rotation was adaed to the natural lobe rotation to
produce a constant 30-second lobe period for all observa-
tions, independent of the source declination and hour
angle and the interferometer separation. \This technique
of a constant lobe period observation is discussed by

Read (16). A lobe filter (bandpass filter) centered at

a 30-second period, equivalent to a 5—second time constant,
was used as_the'post detection filter, |
| A sample of the interferometer response was
takenvevery 2 seconds and the following information: tj,
Pacific Standard Time of sample; R(ti), interferometer
response at tj: \VR(ti), additional phase rotation at tj

was read onto a magnetic tape for subseéuent reduction.

B.. Interferometer Theory

General Response

The theory of interferometric observations and
their intéfpretation has already been discussed by many
people. The following derivation of the response of a
two-element interferometer is not meant to be complete
but rather to state the main mathematical expressions and

describe the notation to be used. The development will
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somewhat parallel Moffet's discussion (1),

The response of an ideal two antenna multiplying

interferometer is

R(t) = G(t)Agd'P Re {T(,Z)A(ﬁ)e””/"s} 1)
R(t) = Interferometer response as a function of time
P = Two dimensional celestial coordinate

T(f) = Brightness distribution

A(f) = The product of the voltage response of each
- antenna (primary beam response) normalized to

A(o) = 1.
5 = Interferometer separation#
G(t) = ﬁeceiver power gain as a function of time
A = Effective collecting area. i

The real part of the term in the exponential is
the phase difference of the incoming radiation between the
two antennas and will be called the interferometer phase.
Because of the diﬁrnal rotaﬁion of the earth, the inter-
ferometer phase is a function of time producing a quasi-
sinusoidal response., T' (/5) = T(,B )A((;) is the brightness
distribution attenuated by the primary beam response, Since
the radib source is tracked with each antenna, T' will not

vary with time,

*The interferometer separation is defined as a two dimen-
sional vector with a magnitude equal to the antenna spacing
in wavelengths and a direction defined by a line passing
through the. electrical centers of the two antennas.
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The primary beam response is nearly Gaussian
with a half power beam width of 32' so that T' is only
~significant in a quarter-square degree area of sky, hence

the interferometer phase can be expanded into a Taylor

series
g3 = ‘.sn’i(ﬁ?)‘ (B-po) )
e
- where f% s ahy celestial coordinate in the region of

the source moving at a sidereal rate. The term V(p-S)
evaluated at fi in the expansion is commonly called the
effective interferometer separation and will be denoted

by Se - Equation (1) now becomes

RII=GW AR [ [T (R 2P R gp - PP L@

All of the observations were taken over a short
enough interval of time so that the effective separation
.can be considered a constant. The /3 integration
then gives the Fourier component of T' of spatial
frequency [ Sel in the direction of Se and is

commonly called the visibility function, V (Sg) R

of T'. Sepérating the visibility function into its
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amplitude and phase, V(fe ) = V(fe) e ¢‘;n4>(se) ’
and taking the real part of equation (3) produces a
convenient form for the response of a two-antenna inter-

ferometer
R(t) = G(t) - A - S' V(Se ) cos 2mffe-Se * ¢(5)f (4
where

S' vV (Se )e£2"¢(§e’s SJF T'(F) eiznf—s} (5)
'z {45 T'(p) (6)

since the visibility function is usually nbrmalized to
unity at a zero baseline separation., The total flux
density of tﬁe source attenuated by the primary response
beam ié s'., If éhe source extent is less than 6' , S!

is virtually equal to the flux density of the source,

East-West Response

Equation (4) will now be particularized for
the present set of observations., The interferometer
separation is a constant, regardless of antenna pointing

direction, since both paraboloids are identical. For a
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near east-west baseline, the pole (directioh) of the
interferometer is defined by a declination D' and an
hour angle w/é + H' where D' and H' are small and
measure the aepartures from a true east-west direction.

The interferometer spacing will be denoted by s+s'

! representing an error term. With g, in

with S
terms of the source declination, ¢ ,' and hour angle, h R

the interferometer phase term becomes

pprS =S cos8 sinh+ sD'sin8-sHcos8+ s' cos sinh (7)

keeping terms only to first order, The first term will

be called the east-west interferometer phase and the last

three terms the baseline phase error.

The variability of the LO cables in the inter-
ferometer system, mainly due to the extreme temperature

variations in the Owens Valley, produces instrumental phase

error variations, = W (t); and must be calibrated during
the observations. BAlso an additional phase rotation,

1( R(t), can be introduced into the natural lobes as
described in the preceding section. With these included

terms, equation (4) becomes
R(t)=G(t)A-S"-V(s)-cos am {(s) + ¥ (£)+¥g(t) (8)

+5cosd sinh+ sD'sind - sH'cosgi- s' cosd smh}
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The argument of the visibility amplitude and phase is now
a one-dimensional quantity, an east-west direction implied.

All phases will be measured in lobes.

C. Data Reduction

Magnetic Tape Reduction

The observations were reduced from magnetic tape
-gsing the Cal Tech 7094 IBM computer with a program
’: Qesigﬁed by J. F. Bartlett, The essential parts of the
'program,oéeration are given belowﬁ
| (1) Read input source parameters
Source right ascension and declination ( ﬁi )
Exact interferometer separation ( s )
(2) Read observational data from magnetic tape
tj; - PST time of interferometer sample
Y R(t;) - Additional phase rotation at tj
R(t;) —-interferometer response at &
(3) Compute‘ ﬁi(ti)-g for each sample
(4) Fit R(tj) for all samples by a least-square

~method to a response of the form

,"D'cf:szn {0.(t)-5 + Yplte)+vf+consT. . (9)

(5) Compensate values of D and ¥ for filter

response.
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Comparing Equation (9) with Equation (8) we get

D= G(t)-A- S V(s) (10)

¥= d(s)+¥(t) . (11)

The calibration procedﬁre, discussed next,
aetermines the exact interferometer separation peculiar
to each observation series and the functions G(t) and
Y o(t) for the entire observation period. S'V (s) and
¢ (s) are then trivially found from Equations (10) and

(11).

Calibrator Sources

A calibrator source is any radio source of

known flux density and position with a small diameter (less
than 15"), usually identifiéd with a small diameter optical
object, The list contains most of the calibrators used in
the previous work at Cal Tech (6) with additional ones
obtained from the recent work of Wyndham (18, 19), Veron
(20), Sandagé and Wyndham (21), Sandage, Veron and Wyndham
(22), Ryle and Sandage (23), Bolton, Clarke and Ekers (24),
Bolton (25), and others. Most of the extremely accurate

positions for northern declination sources come from
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Veron (20, 26) and Griffin (27).

At the time of their compilation, mahy of the
identifications of these new calibrators were in doubt
and their radio structure completely unknown. After an
initial reduction of the 200- and 1600-foot spacing
. observations of March 1965 using the fewer very reliable
calibrators, those additional possible calibrator sources
"agreeing in flux density between the two spacings as well
rraé an agreement with the derived 1600-foot right ascension
Cand its optical right ascension, were also included as
calibrators.r A few sources with no optical identification
but with very well determined radio positions by Adgie (28)
were also included in the list,

The calibrator flux densities were taken from
three sources; NRAO (3), Parkes (5), and Kellermann (14),
éll of which conform to the Conway, Kellermann, and Long
(29) system of reference. The flux density errors are
about five percent,

The list of calibratofs is given in Table II-3.
A large nuﬁber of calibrators was used for two reasons,
First, in an attempt to obtain absolute visibility amplitudes
to atrleast a five percent accuracy and the visibility
phases to .020 lobe (20 millilobe) accuracy per observation,
it was necessary to observe a calibrator source every hour,

especially near mid-day when instrumental phase error
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TABLE II-3

Calibrator Sources

Source Flux Density Right Ascension Declination
1425 MHz 1950.0
3c2 3.6 00 03 48,70 -00 21 07
3¢9 2.1 00 17 49,83 +15 24 17
0021-29 2.9 00 22 00.59 -29 45 27
- .3C43 2.9 01 27 15.18 +23 22 52
3c4s8 15.6 01 34 49.82 +32 54 20
3c49 2.8 01 38 28.55 +13 38 22
0157~31 3.7 01 57 58.3 -31 07 54
3¢c63 3.4 02 18 21.90 -02 10 33
0222-23 1.9 02 22 45,80 -23 26 14
3c71 5.0 02 40 07.10 ~-00 13 32
3col 3.3 03 34 03.90 +50 36 03
3¢c93 - 2.7 03 40 51,47 +04 48 22
3cl119 8.4 04 29 07.84 +41 32 09
3¢c132 3.3 04 53 42,44 +22 44 44
0453-20 4.5 04 53 14.20 ~20 39 06
3c133 5.5 04 59 54.30 +25 12 11
3c138 9.6 05 18 16,51 +16 35 26
0530+04 2.1 05 30 25,55 +04 03 54
3c147 22.0. 04 38 43.53 +49 49 43
3cl153 4,2 06 05 44,50 +48 04 51
3cl6l 18.9 06 24 43,01 -05 51 21
3C166 2.6 06 42 24,73 +21 25 03
3Cl71 3.8 06 51 11.00 +54 12 48
3cC180 2,7 07 24 33.27 -01 58 24
3cisl 2.4 07 25 20.36 +14 43 47
3Cl86 1.3 07 40 56,67 +38 00 32
3C196 14,1 08 09 59,39 +48 22 08
3Cl96.1 2.0 08 12 57.32 -02 59 14
- 3c207 2,6 08 38 01.73 +13 23 05
3c212 2.6 08 55 55,62 +14 21 42
3c215 1.5 09 03 44.15 +16 58 16
3C216 3.9 09 06 17.26 +43 05 59
3c237 6.4 10 05 22,07 +07 44 54
3¢c238 2.9 10 08 23.10 +06 39 32
3c245 3.0 10 40 06.11 . 412 19 15
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Table II-3, Cont.

Source Flux Density Right Ascension Declination
1425 MHz 1950.0
3Cc254 3.2 11 11 53.35 +40 53 57
1116+12 2.5 11 16 20.79 +12 51 06
3¢c270.1 2,6 12 18 04.00 +33 59 50
1221-42 2.5 12 21 04. -42 18 42
3c277.1 2.5 12 50 15.31 +56 50 37
3c279 10.0 12 53 35,94 ~05 31 08
1327-21 2.0 13 27 24.20 -21 27 11
3¢c287 7.5 13 28 16,12 +25 24 37
-3C286 15.3 13 28 49,74 +30 45 59
M13-0/11 3.3 13 35 31.34 -06 11 57
3c288 - 3.4 13 36 38.65 +39 06 23
1345+12 5.3 13 45 06.80 +12 32 30
3C¢298 6.0 14 16 38.58 +06 41 42
3¢305 2.9 14 48 17.58 +63 28 37
M14-1/21 3.8 14 53 12,22 -10 56 40
3Cc317 5.6 15 14 17.00 +07 12 17
1514-24 2.3 15 14 45.15 -24 11 18
3c327.1 4.0 16 02 13.26 +01 26 13
1603400 2.2 16 03 38.85 +00 08 33
3C336 2.7 16 22 32.45 +23 52 01
3C345 6.9 16 41 17.70 +39 54 11
3c380 14.4 18 28 13.38 +48 42 39
3c401 4.9 19 39 38.82 +60 34 32
3C433 - 11.9 21 21 30.66 +21 51 36
3Cc438 6.9 21 53 45.50 +37 46 13
3c441 2.6 22 03 49.64 +29 14 52
3c446 6.0 22 23 11.05 -05 12 17
CTAl02 6.7 22 30 07.71 +11 28 22
2259-37 2,7 22 59 37.35 -37 34 12
3Cc459 4.6 23 14 02.30 +03 48 56
2317-27 2.0 23 17 16,23 -27 44 30
M23-1/12 1.8 23 22 43,72 -12 23 56
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changes of 50 to 100 millilobes were common, Second,
during periods of relatively good gain and phase stability,
a calibrator source need not have been observed each hour;
however, by using more than the minimum number of cali-
brators any possible flux density or position errors in
Table II-3 would be relatively smoothed over in the cali-
bration process by other calibrators. These errors arise
from a flux density variation of sources, a non-coincidence
of the optical and radio centroid of emission, or a faulty
identification, The significahtly different flux density
results forAtwo varying sources, 3C279 and 3C345, listed
in TableIV-3 confirms that any errors in Table II-3 will

indeed be smoothed over,

Calibration Method

In order to obtain the exact interferometer
'éeparation peculiér to each observation series, a special
set of 20 calibrators was observed over a period of four
hours in the early morning when the instrumental phase
error is relatively constant. When these observations

were reduced by the computer using an exact east-west
pole and a nominal spacing, the phase reduction term of
Equation (11) becomes

Y= V(t)+ sD'siné - sH'cosS cosh + s'cos®sinh , (12)

]
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where the last three terms are the baseline error terms.
For a calibrator | ¢ (s) has been assumed zero. Typically,
the baseline phase error is of the order of 250 millilobes
for the range of declination and hoﬁr angle covered by the
observations, The computed ¥ for each source was fitted
to the above equation form to solve for s ', D' and H'.
The redundancy of twenty observations to determine three
parameters allowed for a very preéise determination of the
baseline separation even in the presence of a moderate
variation of the instrumental phase error.

' Figure II-la is a plot of ¥ versus PST using
an exact East-West baseline. The numbers near each plotted
point or group of points give the declination of the cali-
brator. There is clearly a systematic change of ¥ with
source declination produced by non-zero values for D' and
H'. The general increase of ¥ with PST for the three
sources observed more than once indicates a non-zero value
for s '. The plot of Y versus PST in Figure II-1b with
the newly determined interferometer separation has no
systematic effect with source declination or hour angle
and is now simply a plot of the inétrumental phase error
with time,

The error bars in the bottom figure give the

expected variation of Y due to the receiver noise

alone., The scatter of the points is a bit more than
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expected from the receiver noise; the additional scatter
must be due to some sort of instrumental phase jitter of
about ten millilobe amplitude (6).

The gain and instrumental phase error may be
derived directly from Equations (10) and (11). A con-
tinuous curve for G(t) and 1((£) was drawn through the
calibrator points observed each hour using a smoothing
_interval of about three hours for the gain curve and an
- hour and one-~half fqr the phase curve so that each of
~thesé curveé-at any time was based on three or more
observations. An error for each éﬁrve, a , was—faken
to be the average RMS spread of calibrator points around
the derived smooth curve., All calibrations were done on
a daily basis. Figures II-2 and II-3 are typical examples
of a gain and phase error calibration. Two phase cali-
brations are given to shov the extremes of the interfero-
meter phase error stability.

The derived values for G(t) and 7V (t) with
associated errors were then used in Equation (10) and (11)
to determine S'V(s) and ¢ (s) and their associated
error for each observation. Multiple observations of each
source were averaged, The error of this average was
based on the error of each observation and the spread of

all observations about the mean.
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FIGURE II-3
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Observational and Reduction Errors

There are four main sources of errors affecting
these observations; noise errors, calibration errors,
confusion errors, and off-transit errors.

As stated earlier in Section II-A, for the
usual six minute observation the RMS noise error is 0.08
flux units. Except for very resolved sources of less than
0.5 flux units, the noise error is unimportant as compared

Vto the calibration error,

, The calculation of the calibration errors has
been describea in the preceding section. Typically the
gain calibration error is five percent and the phase
calibration about 15 millilobes for one observation.

Confusion errors are due to the presence of
weak radio emission in the primary response beam of the
antennas, Figure II-4 is the fesult of observing random
portions of the sky (excluding the region 10° on either
side of the galactic plane) to determine experimentally
the confusion distribution. Observations were taken at
the 200- and 1600-foot spacings, all of duration twenty
minutes with an associated RMS noise of 0.04 flux units.
The difference between the results from the two spacings
is insignificant and suggests that the very faint radio
sources which make up the confusion background have

diameters of iess_than 30", The tail of the distribution
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reflects the number—flug relationship for radio sources
because confusion at levels well above the RMS level is
primarily caused by one moderately strong source within the
antenna beam rather than a myriad of faint sources (30).
For this reason the number-flux relationship obtained by

Kellermann and Read (7) of

N = 1455 137 s (13)

.there N is the number of sourceé per steradian with a
 f1ux densitYEgreatéf than or equal to S was also included
vin Figure II-4 by caléulating tﬁe;number—flux relationship
expected to be observed in the primary reSponse'beam of the
antennas using a method developed by Scheuer (30). The
solid curve is then the probability P(S) of observing a
deflection of at least S flux units; from 0.0 to 0.3
flux units P(S) is determined by the 200- and 1600-foot
observations and gbove 0.3 flux units from Equation (13).
Unlike a noise or calibration error, confusion
causes a systematic error at any one particular spacing
and cannot be separated from the response of the source.
For sources observed at many different spacings, strong
confusing sources (> 0.25 flux units) will actually be
found as part of the source structure and it will be the
judgement of the observer based on the probability curve

of Figure II-4 whether the confusing source is physically
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related to the primary source. Mild confusion (<0.15

flux units) tends to come from many weak sources and hence
pfoduces a somewhat random change in the visibility function
at different spacings and will not interfere with the
derived structure in a systematic way. For sources observed
at only two or three spacings, unnoticed confusion may be as
iarge as 0,30 flux units in a few cases, especially near
_the galactic plane, but in general, is less than 0,15 flux
units.

AOBServations centered aFytransit, while desirable,
would have doubled the time required for the obsérvations
since there were often groups of sources having very nearly
the same right ascension. The two sources of error (that
is, the error in assuming the visibility function measured
for an off-transit observation is the same had the obser-
vation been precisely on transit) are due to inaccurate
declinations and North-South resolution,

Except for sources near the equator, the effective
interferometer separation is not exactly east-west for an
off-transit observation so the visibility phase of the source
is slightly sensitive to the assumed declination centroid
of the source emission. If a$d is the difference between
the adtual source centroid declination and the assumed
value, then the additional phase introduced by an observation

at spacing S and hour angle h is
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Ad = -5 sind sinh. AS (14)

A¢(millilobes) =~ 3 Ad (min, of arc)-*sindé*h(min. of time)

For s = 2312\

wﬁich is éimply‘the first order expansion in. ad of
_the first term in Equation (7).
7 _ Most of the declinations are known to accuracies
~ of one-half ﬁinute'of arc or less_(3, 4, 5, le6, 31, 32)
which leads to at most a 30 millilobe error for a‘twenty
minute off-~transit observation. If the source has been
observed at different hour angles, the phase errors will
diminish when taking the average phase, although the dis-
cordance of the two values will be large. Some of the
CTD (7) and MSH (8, 9) sources may héve declination errors
as large as 5' and, in fact, with their systematic change
of phase with hour angle AS can be deduced. This
method of determining source declinations using an East-
West interferometer has been discussed by Read (33). With
these corrections included, the phase error due to poorly
known declinations is thought to be less than 20 millilobes
at thevlarger spacings.

Even if the declination centroid of a source is

accurately known, an extensive North-South structure will
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affect the visibility function fdr an off-transit obser-
vation, mainly in amplitude. For a source at declination
5 observed at a spacing s and an hour angle h the
effective baseline separation, Se broken up into its

East-West and North-South components is

5, = Scosh Sy= S sind sinh (15)

s~ 5 sindé-h(min. of time)

 For s = 2312\

The East-West spacing is virtually unchanged while the
North-South spacing of 100\ (34' fringe) is almost as
large as the primary response pattern of the antenna. The
effect, if present, would reduce the visibility amplitude

somewhat,
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III. VISIBILITY FUNCTIONS

The complete set of Qisibility functions is
contained in Table III-1l. This extensive list of data is
not meant to be overwhelming but rather to be a basis for
further interferometric observétions at larger spacings,
non East-West baselines, different frequencies and other
_polarizations (For all observations the feeds were
sensitive to radiation with its electric vector in position
- angle zerq.5; To condense the table by a factor of two
in length, two'separate table pagés have been plaééd on
one leaf,

The left-hand side of each page gives the source
parameters. Line 1 contains the principal source designation
followed by the secondary source designation if one exists.
An asterisk before the primary name indicates that the
source has significant east-west structure which will be
presented in Table IV-5. Otherwise the source is unresolved
or only slightly resolved with its flux density, right

ascension, and diameter given in Table IV-3., Lines 2 and 3

give the source right ascension and declination uséd in the
reduction at the epoch 1950.0. In most cases this position
iis very close to the centroid of the emission. Line 4
lists the assumed value of the zero spacing flux density

for the sourée, sSt.
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