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Summary 

Isophotes of three strong southern radio sources have been prepared from observa· 
tions at a wavelength of 3·5 m with a 50 min pencil·beam system. The two extragalactic 
sources Centaurus-A and Fornax-A are found to have extensive coronas very much 
larger than the size of the associated galaxies. Using optical estimates of distance 
these two sources are shown to have similar spatial extensions and may be physically 
similar systems. The third source, Puppis-A, may be the remnants of a galactic 
supernova of type II. 

I. INTRODUCTION 

The three strongest southern radio sources, Centaurus-A, Fornax-A, and 
Puppis-A, have been reliably identified with visible objects, the first two with 
the external galaxies NGC 5128 and NGC 1316 respectively (Bolton, Stanley, 
:and Slee 1949; Mills 1952b, 1954) and the last with a peculiar galactic nebulosity 
(Baade and Minkowski 1954a). They have all been shown to have an angular 
extent of the order of 1 0 or more, and in one case (Centaurus-A) it is known 
that the object comprises at least two distinct emitting components (Mills 1953 ; 
Bolton et al. 1954). The major part of the published material is based on inter
ferometer observations which had to be interpreted under various simplifying 
assumptions. 

The aim of the present paper is to describe new observations of these sources 
with a high-resolution, pencil-beam system producing records which can be 
readily and directly interpreted. Contour diagrams of the brightness distributions 
across the sources have been prepared using the Sydney Mills Cross at a wave
length of 3 ·5 m. This instrument has a beamwidth between half-power response 
points of about 50 min of arc, and, while this is insufficient to resolve the fine 
structure of the sources, it is adequate to obtain a general picture of their size 
.and shape .. When used in conjunction with the interferometer data much 
useful information may be obtained. 

The most striking feature of the observations is the extremely large 
dimensions of the two extragalactic sources, considerably more than that of the 
visible portions of the galaxies. Taking estimates of distance based on optical 
·data it appears that the spatial extent may be similar in each example. 

* Division of Radiophysics, C.S.I.R.O., University Grounds, Chippendale, N.S.W. 
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II. OBSERVATIONS AND REDUCTIONS 

401 

The radio telescope and its use have been described in detail by Mills et al. 
(1958). In the present case it is operated as a meridian transit instrument, 
and the aerial beam is automatically switched successively to five declinations 
separated by approximately 20 min of arc; the beam is held at each declination 
for a period of 12 sec. The central position of the beams is set by manual 
adjustments to the aerial. A typical record showing the passage of the Centaurus 

Fig. l.~A record of a passage of Centaurus·A through the scanning aerial beam. Five separate 
declinations are recorded quasi. simultaneously. 

source through the aerial beam is shown in Figure 1. The recorder deflection 
at the top of one of the lines is proportional to the average aerial temperature 
observed with the aerial pointed to one declination for the 12-sec period.. The 
five declinations are scanned from south to north so that every fifth line on the 
chart corresponds to the same declination. The aerial temperatures* are 
therefore observed at points on a grid with spacings 1 min in Right Ascension 

* The procedure necessary to correct for various instrumental effects is described by Mills 
et al. (1958). These corrections, which include those for beam asymmetries and collimation 
error, have been applied to the data quoted subsequently. . 
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and 20 min of arc in declination. 
the distribution uniquely within 
1956). 

These spacings are sufficiently small to define 
the resolution limits of the aerial (Bracewell 

The records include the effects of both source and background radiation. 
The background temperature can be removed by interpolating between regions 
around the source.· This process was easily applied to the Fornax-A records, 
as the background level is practically uniform in this region, but was rather 
more difficult in the case of the Puppis-A source, which is superimposed on a 
steep galactic. gradient. 

The removal of the background was not performed on the Centaurus-A 
source because it covers such a large area that interpolation becomes very 
subjective; consequently it was decided to present the direct observational 
data. 

Observations of the Fornax and Puppis regions required records at 15 
declinations, involving three different manual settings of the aerial. However, 
the five most important sections straddling each source were obtained within 
periods of about 10 min. Because of the great size of the Centaurus source 
records at over 30 declinations were required. To minimize the effects of any 
calibration changes occurring in the period during which the records were 
obtained, the background temperatures were matched at a particular Right 
Ascension (viz. 13h 01m ) where the temperature was nearly uniform over the 
declination range concerned. After smoothing the temperatures at this Right 
Ascension (to discriminate against the possible inclusion of small sources) and 
plotting against declination, the calibration changes were detected by noting if 
groups of five consecutive points were displaced to one side of the curve. Ten 
sections were corrected, one group by 10 per cent. and the others by about 
5 per cent. This process merely smoothed the background level, to avoid 
irregularities in the final plot. 

For each source an additional set of curves was constructed along hour 
circles (using the above east-west sections) and used to interpolate in declination. 
To complete these curves, use was made of the interpolation theorem of Bracewell 
and Roberts (1954) to compute extra points at declination positions between 
the east-west sections. The values so obtained are those which would result if 
the aerial beam was actually pointed to these positions . 

. Both sets of curves were used to construct contour maps for each source, 
following the method outlined by Mills et al. (1958). The procedure was straight
forward for Fornax-A and Puppis-A but more complicated for Centaurus-A 
owing to the effects of aerial side lobes in the north-south directions in which 
Centaurus-A is greatly extende~. These small effects were removed by a 
smoothing process. 

III. DISCUSSION 

The results of these observations are summarized in Table 1 which sets out 
the radio features together with some optical data and estimates. The three 
sources will be discussed in turn. 
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Fig. 2.-Radio isophotes of Centaurus·A at a wavelength of 3·5 m (epoch 
1950), contour interval 3000 oK. 
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(a) Oentaurus-A 

Radio emission from this source was first detected by Bolton (1948) using 
a 3 m wavelength sea interfero;meter. He reported its angular width as less than 
15 min of arc. Subsequent observations have revealed two contributions: 
intense radiation from a small area of about 6 by 3' coincident with the position 
of the galaxy NGC 5128, and a much more extensive and less bright area 
surrounding the galaxy. Mills (1953) measured the brightness distribution 
across the source with an interferometer at a wavelength of 3 m and found 
about 45 per cent. of the total energy. in the central concentration, with a 
maximum brightness temperature of about 4 X 10 6 oK. 

A preliminary investigation to determine the main features of the radio 
brightness distribution was made with the present aerial in an early state of its 
development and the result has been compared with the optical brightness 
distribution (de Vaucouleurs and Sheridan 1957). The radio results were 
presented as contours of apparent equal brightness temperature above a smooth 
interpolated reference level but were uncorrected for aerial beam asymmetries 
and side lobes. The main result of this comparison was that a reasonable 
agreemeI!t existed in the east-west directions but the radio distribution was much 
more extensive in the north-south directions. 

Figure 2 shows radio isophotes (epoch 1950) constructed from the later, more 
accurate, observations described above. The contour interval is 3000 oK and 
the galactic background has not been removed. The background distorts the 
outermost contours slightly, but otherwise will have little effect on the distribu
tion. The contours show a large source, of apparent maximum temperature 
about 5 X 104 OK, considerably elongated in position angle about 12°. Emission 
is intense over an area of about 2 by 6° and is strongly concentrated in the central 
region with the peak at 13h 22m·4±om·2, _42° 41' ±4'. This peak corresponds 
closely to the" point source" at the centre which is, of course, not resolved. To 
determine the integrated flux density 8 of the source the background was first 
sUbtracted by smoothly interpolating through the base of each section and then 

evaluating, over the remaining contours, the expression 8= (2k/"A2) f TdQ. The 
value obtained was 8={87 ±13) X 10-24 W m-2 {C/S)-l. The uncertainty in this 
value (±15 per cent.) is an estimated probable error based on uncertainties in 
the system parameters. Approximately 25 per cent. of this flux density is 
contained in the central concentration. 

The extended emission between declinations -35° to -46° has a shape 
bearing slight resemblance to the letter" S". Piddington and Trent (1956) 
suggested a "link" between this source and the Galaxy (at a wavelength of 
0·5 m) but no evidence in support of this was found in the 3·5 m results. 

Extensive radio coronas are perhaps associated with most galaxies, a fact 
consistent with an origin in the emission of high energy electrons by the 
synchrotron mechanism, but the Centaurus-A source is peculiar in having such 
an elongated shape. Baade and Minkowski (1954b) consider that the interaction 
of two separate galaxies is involved. The distance of the system is not definitely 
established, but it has been estimated by de Vaucouleurs (1956) to be about 
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750 kpc. A.t this distance the linear dimensions of the extended source would be 
about 90 by 30 kpc. A.t the distance adopted by Burbidge and Burbidge (1957), 
2·5 Mpc, the linear dimensions would be greater by a factor of more than 3. 
This seems unlikely, and their estimates of totai emission from the source are 
probably rather too high. 

(b) Fornax-A 
Discovered in 1948 by Stanley and Slee, this source has since been identified 

by Mills (1954) with the galaxy NGC 1316. From preliminary observations 
with the Cross, Mills described it as an elongated object of overall size about 
1 ° with the major axis in position angle about 160°. 

0-5 
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Fig. 3.-Radio isophotes of Fornax-A at a wavelength of 3·5 m (epoch 
1950), contour interval 1500 oK. The dashed lines indicate the aerial 

beamwidth between half-power points in the directions shown. 

Figure 3 shows the recently determined contours, at 3· 5 m, free from 
background emission, the contour interval being 1500 oK. The centroid position 
of this emission is at 03h 20m-6±om·2, -37° 23' ±3' (epoch 1950), a value 
which agrees with Mills's determination, and is almost exactly the position of the 
galaxy. 

By integration over the contours of Figure 3 the flux density, at a wavelength 
of 3·5 m, is 8=(9·5 ±1·5) X 10-24 W m-2 (cjS)-l. 

This source is only barely resolved by the aerial and therefore the somewhat 
irregular shape of the contours can only indicate that the source itself possesses 
some structure. Its effective angular size* is estimated to be about 0·7 by 0 .5°. 
The orientation of the contours appears to change with distance from the centre 

* To obtain an effective angular size 6e, a Gaussian distribution was assumed for the source 

and use made of the expression 6e=(6~-6~)i, where 6o=angle between half-power contours of 
the observed distribution, 6b =angular width of the aerial beam between half-power points. 
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but the overall effect suggests a position angle of about 115°. A photograph 
shown by Baade and Minkowski (19540, p. 130) indicates the position angle of 

. the main body of the nebula as about 45 0, and reveals some absorption patches 
along a line whose position angle is about 135°. These figures suggest that the 
,strong radio emission might be associated in some way with the appearance of 
the absorption patches, but little weight can be given to this opinion until radio 
observations with higher resolving power are available. 

The radio emission extends over a much greater area than the galaxy. 
Taking the distance as 5 Mpc (de Vaucouleurs 1956) and the effective angular 
size as about 0·7 by 0·5 ° the radio corona has a linear extent of about 60 
by 40 kpc. This is of a similar or~er of magnitude to that of Centaurus-A., 

0'5 

RIGHT ASCENSION 

Fig. 4.-Radio isophotes of Puppis-A at a wavelength of 3·5 m (epoch 
1950), co~tour interval 1500 OK. The dotted ellipse defines the boundary 
of the fil~entary nebulosity associated with this source. The dashed 
straight lines indicate the aerial beamwidth between half-power points 

in . the directions shoWn. . 

:suggesting that the two sources might have similar physical origins. It is not 
yet possible to decide whether there is any similarity in the detailed distribution· 
,of the radiation in the two sources, in particular whether Fornax-A exhibits a 
·structure combining an intense localized source and diffuse corona as suggested 
by Burbidge and Burbidge (1957). 

(0) Puppis-A 
The radio source, Puppis-A, was discovered by Stanley and Slee (1950). 

Using the position they quoted together with an angular size determined by 
Mills (1952a), the source was identified by Baade and Minkowski (1954a) with a 
network of gaseous filaments similar to' those in Cassiopeia. 

Figure 4 shows the radio isophotes, at a wavelength of 3·5 m, for 
this source. The background emission has been removed from these 



408 K. V. SHERIDAN 

contours, which have intervals of 1500 oK. The centroid position of the source' 
is at 08h 20m ·9±om '3, -42° 52' ±4' (epoch 1950), and the integrated flux density 
is (6·9±1)x10-24 Wm-2 (cjs)-1. The source is definitely resolved and the 
effective angular size is estimated to be about 0'8°. 

Included in Figure 4 is a dotted ellipse which marks the boundary of the 
nebulosity discovered by Baade and Minkowski (1954a). Its coincidence in 
position with the radio source is very close. Emission from the radio source 
extends over a slightly greater area than the optical source. Although there 
is some uncertainty in the shapes of the contours owing to possible errors in the 
removal of the galactic background, it is possible that the slight bulging of the 
contours on the northern and eastern edges is associated with two of the brightest 
parts of the nebulosity whose approximate positions are indicated by the crosses 
in Figure 4. The interferometer observations of Mills (1952a) indicate that there 
is no outstanding region of emission of small angular size associated with Puppis-A. 
Because of its similarity to Cassiopeia, Puppis-A may be a supernova of type II. 
The weaker radio emission from Puppis-A may indicate that it is an older 
supernova. 

An estimate of the distance to this source using hydrogen line absorption 
techniques is very desirable to determine the spatial extent and total emission. 

IV. ACKNOWLEDGMENTS 

The author wishes to express his gratitude to Mr. B. Y. Mills for his help 
and guidance during all phases of this work. He is also indebted to Mr. C. A. 
Shain for valuable assistance and criticism, to Mr. A. G. Little for contributing 
data on the aerial system, and to Mr. J. P. Wild for helpful suggestions regarding 
the manuscript. 

V. REFERENCES 

BAADE, W., and MINKOWSKI, R. (l954a).-Astrophys. J. 119: 206. 
BAADE, W., and MINKOWSKI, R. (1954b).-Astrophys. J. 119: 215. 
BAADE, W., and MINKOWSKI, R. (1954c).-Observatory 74: 130. 
BRAOEWELL, R. N. (1956).-Aust. J. Phys. 9: 297. 
BRAOEWELL, R. N., and ROBERTS, J. A. (1954).-Aust. J. Phys. 7: 615. 
BOLTON, J. G. (1948).-Nature 162: 141. 
BOLTON, J. G., STANLEY, G. J., and ELEE, O. B. (1949).-Nature 164: 101. 
BOLTON, J. G., WESTFOLD, K. C., STANLEY, G. J., and SLEE, O. B. (1954).-Aust. J. Phys. 7: 96. 
BURBIDGE, G. R., and BURBIDGE, E. MARGARET (1957).-Astrophys. J. 125: 1. 
MILLS, B. Y. (1952a).-Aust. J. Sci. Res. A 5: 266. 
MILLS, B. Y. (1952b).-Aust. J. Sci. Res. A 5: 456. 
MILLS, B. Y. (1953).-Aust. J. Phys. 6: 452. 
MILLS, B. Y. (1954).-Observatory 74: 248. 
MILLS, B. Y., LITTLE, A. G., SHERIDAN, K. V., and SLEE, O. B. (1958).-Proc. Inst. Radio Engrs., 

N.Y. 46: 67. 
PIDDINGTON, J. R., and TRENT, G. R. (1956).-Aust. J. Phys. 9: 74. 
STANLEY, G. J., and SLEE, O. B. (1950).-Aust. J. Sci. Res. A 3: 234. 
DE VAUOOULEURS, G. (1956).-Occ. Notes R. Astr. Soc. 18: ll8. 
DE VAUOOULEURS, G., and SHERIDAN, K. V. (1957).-Radio Astronomy Symposium No. IV of 

the International Astronomical Union, p. 169. (Cambridge Univ. Press.) 




