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CHAPTER ONE
COSMIC BACKGROUND RADIATION AT 400 Mc/s
1.1

INTRODUCTION
Continuum cosmic radio emission can be completely des

cribed by three observable parameters, (1) the brightness
distribution, (2) spectrum, and (3) polarization of the
radiation.

The purpose of the present investigation is to

discuss the "background" component of the observed radio
emission, its brightness distribution, absolute brightness
temperature, and origins.

For the purpose of this thesis,

the background radiation is defined as the nearly isotropic
component of the emission on which are superimposed strong
discrete radio sources, radiation from the disk, or plane,
of our own Galaxy, and contributions from within our own
solar system.
The present chapter presents a brief historical review
of the early investigations of the cosmic radio emission,
the development of ideas on the origin of the background
radiation, and a summary of more recent investigations.

1

The
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final section describes the course of the present investiga
tion.
1.2

EARLY RADIO SURVEYS
After the discovery and confirmation of the continuum

cosmic radio emission by Jansky (1932), the first radio
survey of the sky was carried out at 160 Mc/s by Reber (1940).
From this survey it was apparent that the more intense
regions of the sky were associated with the plane of our
Galaxy, the brightest region being in the direction of the
Galactic Center.

Regions at high galactic latitudes were

less intense, lying below the limit of sensitivity of the
receiver used in Reber*s survey.
Following this, surveys by Hey, Phillips, and Parsons
(1946) at 64 Mc/s and by Moxon (1946) at 40, 60, 90 and 200
Mc/s confirmed in general the brightness distribution observ
ed by Reber and extended the frequency range of observations,
allowing an estimate of the spectrum of the observed radia
tion.

Moxon also estimated the absolute intensity of

emission in regions away from the galactic plane in order to
look for variations in spectrum between the more intense
regions near the plane and the low level emission from higher
galactic latitudes.

Being limited by the sensitivity of the

equipment, these early estimates were liable to errors of a
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factor of two or three.

However, it appeared that the radio

emission from the "coldest** parts of the radio sky was not
more than a few orders of magnitude less intense than that
received from much of the galactic plane.
This was confirmed by the 100 Mc/s survey of Bolton and
Westfold (1950),

Even allowing for the effects of the broad

beam used in the survey, 17° to half power points, it was
evident that the brightness of cosmic radio emission at high
galactic latitudes was within two orders of magnitude of
that of much of the galactic plane,
1.3

EARLY THEORIES OF ORIGIN
From the derived spectrum of the cosmic radio emission,

Moxon (1946) noted that the radiation did not appear to be
thermal* in origin.

Herbstriet and Johler (1948) came to

the same conclusion from observations made over nearly the
same frequency range, and Piddington (1951)> considering the
broader frequency range 9*5 to 3000 Mc/s, obtained a similar
result.
Unsold (1949)

postulated that the observed emission

might be explained in terms of enhanced radio emission from

The spectrum of thermal radiation is defined as that of
radio emission from an optically thin ionized gas, where the
brightness temperature is proportional to the square of the
wavelength.
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population Type II stars, and connected with the origin of
high energy cosmic ray particles*

Alfven and Herlofson

(1950) suggested that the sources of the radiation were
**radio stars** in which high energy electrons had been trapped
by the star*s magnetic field and were emitting by means of
the synchrotron process.

Their suggestion required that

these **stars** lie in dense interstellar gas clouds, thus
being obscured from optical view along the galactic plane,
while accounting for the high radio brightness observed in
the region.

Kiepenheuer (1950) also supported the suggestion

of synchrotron radiation but added the possibility that the
emission process might take place in interstellar regions of
relatively high particle density.

Both Alfven and Herlofson

and Kiepenheuer proposed a connection between the observed
radio emission and cosmic ray particles.

In an effort to explain the observed radio brightness
over the sky in a model based on known stellar distribution,
Westerhout and Oort (1951) suggested that **radio stars**
might be distributed in the same manner as the common G and
K type dwarf stars.

Although such a model was successful in

explaining the disk and low latitude radiation, it could not
account for the unexpectedly high brightness in the direction
of the galactic poles.
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Shklovsky (1952), however, expressed doubts that the
source of radio emission might be distributed in such a
familiar manner and concluded from the observed brightness
distribution that the greater part of the meter wavelength
radiation was due to a large scale source which formed part
of our own Galaxy*

The spatial distribution suggested was

that of a nearly spherical corona, the center of which was
coincident with the center of our Galaxy.

Following this,

the nature of the "spherical component", as it came to be
called, was the subject of theoretical discussion by several
Soviet authors.
Baldwin (1955) compared the idea of this spherical
component with his 81 Me/s observations and showed that the
observed background brightness distribution could indeed be
explained by such a model.

This model proposed that the

observed radiation could be represented by a superposition of
several different distributions.

The first component was an

ellipsoidal distribution having a major axis of 11 to 14*5
kiloparsecs and an axial ratio of 0.5 to 0.6.

A most sur

prising feature of this component was that the volume
emissivity did not vary by more than a factor of two from
four to ten kiloparsecs from the center of the Galaxy.

The

second component followed the model of Westerhout and Oort.
Next was a disk contribution confined to within about 150
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parsecs of the galactic plane.

And finally, a component

having its origin in the integrated emission of discrete
extragalactic sources was considered.
Observations of a corona associated with the nearby
Andromeda Nebula and several other extragalactic systems,
M 31) M 51) and M 81, seemed to confirm, at least qualita
tively, the possibility of such a corona around our own
Galaxy (Baldwin, 1954; Hanbury Brown and Hazard, 1953)»
1.4

RECENT RADIO INVESTIGATIONS
More recent radio surveys of galactic radiation have

fallen mainly into two groups, depending largely on the
resolution of the aerials used, (l) narrow beam investiga
tions, using both pencil beam and interferometer systems, of
the regions near the galactic plane, and (2) wide beam
surveys to study the large scale, high-latitude structure
and spectrum.
Observations with low-resolution instruments appear to
be quite adequate in the high-latitude regions of the Galaxy
where much of the observed structure appears to be large
scale.

Such aerial systems are also small enough, as a rule,

to allow ease in scaling aerials to give the same resolution
and response for different frequencies, a helpful technique
for the study of the spectrum of the high-latitude emission.
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A large number of sky surveys at radio frequencies
have been completed since the existence of a galactic corona
has become widely accepted*

Of these the only ones to be

considered here are selected because they meet one of the
following requirements:
1*

reliable absolute base level calibration

2*

higher resolution than previously used

3.

extension of frequency range*

At 400 Mc/s, McGee, Slee and Stanley (1955) examined a
portion of the plane from l'*-1*- = 330° through the center to
lii -j 25°*

Although the survey did not reach to high

galactic latitudes, a determination of the absolute back
ground temperature was attempted.

The result obtained for

the coldest part of the southern radio sky was 10° 1 5° at
right ascension 04^30m , declination -30°,

The 2° beamwidth

of the aerial showed much structure along the plane and
indicated several spur-like structures extending to higher
galactic latitudes*
Using a cross type aerial, Mills (1958) surveyed the
sky at 85 Mc/s with a 50f of arc beam.

Absolute calibration

of brightness temperature was accurate to about 15 percent
and was of limited value in a determination of the spectrum,
but the brightness distribution, with a general increase in
the background level toward the plane, seemed to support the
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idea of an emitting corona about our Galaxy.

However, it

now appeared that the coronal component was much lower than
that estimated by Baldwin and that the disk component was
much narrower than suggested by earlier models.
In several surveys at higher frequencies, 600, 1200
and 1390 Mc/s (Piddington and Trent, 1956; Piddington and
Minnett, 1951; Westerhout, 1958), the absolute level of the
background could not be measured because of its low value
and was estimated from lower frequency determinations.
The majority of surveys before i960 added primarily to
knowledge of the structure of the regions near the galactic
plane.

However, at that time a number of investigations

were in progress which included studies of the background,
particularly its spectrum.
From observations with low resolution, scaled aerials
at 38 and 178 Mc/s and comparison with Baldwinfs 8l Mc/s
results, Costain (I960) concluded that the temperature
spectral index was very similar for all of the components
responsible for a high proportion of the emission, and that
this index was essentially the same over the entire northern
sky except for regions on the plane of the Galaxy within 60°
of the center.

The value of the spectral index he determin

ed was 2.37> somewhat lower than that derived earlier.
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A survey at 404 Mc/s with a 7*5° beam combined with a
comprehensive absolute calibration investigation gave values
for the absolute brightness temperature of the background
over the northern sky (Pauliny-Toth and Shakeshaft, 1962).
The absolute level obtained was thought to be accurate to
within 2.2° overall.

This survey indicated a brightness

temperature of 15° as the minimum temperature in the northern
sky.
To compare with the 404 Mc/s study two surveys were
carried out at lower frequencies.

The survey at 178 Mc/s

carried out with an interferometer (Turtle and Baldwin, 1962)
had higher resolution that previous investigations of the
high-latitude regions and also claimed an absolute base
level determination to within 15°*
Extending to lower frequencies a survey was carried out
at 38 Mc/s (Kenderdine, 1963)*

Resolution of one degree was

obtained by the techniques of aperture synthesis.

Correc

tions were applied to compensate for the aerial response
outside the main beam and the final base level was thought
to be accurate to 15 percent.
Low resolution (beamwidth 15° x 44°) studies of the
background at 26, 38 and 178 Mc/s using scaled aerials, com
bined with measurements at 404 Mc/s mentioned above give the
most comprehensive study to date of the spectrum of the
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background and its variation over the sky (Turtle, Pugh,
Kenderdine and Pauliny-Toth, 1962).

The results indicate

that the spectrum of the corona (or high-latitude) regions
may differ slightly from that in the direction of the
anti-center.

This result is not conclusive and perhaps not

as interesting as the apparently constant value of the
spectral index for most of the northern sky, and the indicat
ed curvature of the spectrum.

The curvature is particularly

noticeable at the lowest frequencies and according to Turtle
(1963) cannot be explained by absorption effects of ionized
hydrogen.

Explanation of this curvature in terms of varia

tions in the energy distribution of the electrons responsible
for the emission is possible but might require conditions
physically improbable in the corona.
As was pointed out earlier, the observations and
analysis by Baldwin in 1955 led to wide acceptance of the
existence of a galactic corona.

Reassessment of recent

results has led Baldwin to believe that the observed emission
can all be explained in terms of an isotropic component due
to integrated emission from discrete extragalactic sources
and a disk component which would vary according to the simple
relationship

Tb cosec b away from the galactic plane

(Baldwin, 1963)*

According to Baldwin, previous values for

the absolute base level, particularly in regions of the
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lowest brightness, have been overestimated since effects of
aerial side-lobes had not been completely removed.
The idea of a corona much reduced in emissivity would
fit in more closely with measurements on the nearby Andromeda
nebula, where the observed corona has an emissivity some
seven times lower than that previously suggested for our own
Galaxy.
1.5

PRESENT INVESTIGATION
The present study of the background radiation was

undertaken to determine the absolute brightness temperature
of the background at 408 Mc/s, study the nature of that pro
portion of the observed radiation due to the integrated
emission of extragalactic sources, and examine the structure
of regions at high galactic latitudes with high resolution
to find if the observed structure might yield information
about the origin of the radiation.
It consists of four parts.
a) Determination of the Absolute Brightness Temperature
of the Sky at 408 Mc/s:
Chapter Two gives a detailed description of the horn
aerial built for this investigation and outlines the cali
bration procedures followed.

A description is given of the

effects to be expected due to responses away from the main
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beam of the aerial and the necessary corrections.

Finally

the absolute brightness temperature of several regions given,
both for the purpose of this study and for reference for
further work at this frequency with the 210-Foot Reflector
of the Australian National Radio Astronomy Observatory.
b) Structure of the Background Radiation at High
Galactic Latitudes:
Chapter Three presents the results of a survey of
several representative high-latitude regions with the 210Foot Reflector.

The structure and scale of the irregular

ities noted in these regions is described with respect to
the distribution of discrete sources, position in galactic
latitude, and the distribution of the polarized component of
the background radiation.
c) In order to make an estimate of the integrated
emission from discrete sources, it is necessary to know the
form of the Log-N-Log S distribution for radio sources, and
the expected spectral index for the sources.

It is of primary

interest to determine these functions for sources with as
low as flux density as possible.
Chapter Four describes a source survey of 247 sources
in a region near the south celestial pole.

The results of

the Log N- Log S plot for the region are compared with
previous source count work.

The mean spectral index of
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faint sources over the frequency range 178-408 Mc/s is
determined by comparison of source counts at the two fre
quencies,
d) Large Scale Structure of the Galaxy:
Chapter Five discusses the large scale structure of the
Galaxy at radio frequencies.

From observations of numerous

points over a large range of galactic longitude and latitude
we examine the nature of possible contributions from the
corona, the disk, and relatively nearby features.

CHAPTER TWO
DETERMINATION OF ABSOLUTE SKY BRIGHTNESS TEMPERATURE
AT 40& Mc7 s
2.1

INTRODUCTION
The investigation described in this chapter was under

taken to determine the absolute brightness temperature of
the background radiation at 408 Mc/s.

The value of this

brightness temperature has long been of interest from the
point of view of its spectrum in the decimeter wavelength
range and the possibility of separation of this radiation
into components due to Galactic and extragalactic origin.
In the past few years the discovery that the background
radiation is partially linearly polarized has increased
interest in the accurate determination of this brightness
temperature.

While the polarization temperature of a

region, i.e. the amplitude of the temperature variation
observed by rotating a linerarly polarized aerial, can be
measured with quite high accuracy, determination of the
fractional polarization requires a knowledge of the absolute
background brightness temperature.
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The present high resolution observations at 408 Mc/s
(Chapter Three) can easily be compared with the recent
surveys of the polarization structure of the background made
at 408 Mc/s by Westerhout, Seeger, Brouw and Tingergen
(1962), and Mathewson and Milne (1964* 1965)*

At this same

frequency there have been, and are in progress, extensive
pencil beam surveys for extragalactic radio sources (Chapter
Four; Bolton, Mackey and Gardner, 1964; and Day, Shimmins,
Ekers and Cole - in preparation)*

The measured brightness

can also be compared with recent measurements of the back
ground brightness at lower frequencies (Turtle and Baldwin,
1962, and Kenderdine, 1963)*
Advances in receiver techniques now permit a more
precise determination of the background brightness than the
earlier investigations of Seeger (1959) and McGee, Stanley
and Slee (1955)*

The more recent determination of Pauliny-

Toth and Shakeshaft (1962) of the absolute sky brightness at
404 Mc/s has been criticized on the basis that corrections
made for aerial responses away from the main beam were
underestimated (Baldwin, 1963)*

The present investigation

attempts to allow adequate corrections for such power
received outside the main beam of the aerial.
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2.2

PRINCIPLES OF MEASUREMENT
a) Basic Considerations:
The measurement consists essentially of the comparison

of the power output of a receiver when connected in turn to
an aerial and to matched loads of known temperatures.

It is

well known that the noise power available from a matched
resistive load over a frequency bandwidth, B, is k
where k is Boltzmannfs constant and
the load.

B,

is the temperature of

The effective power delivered to a receiver input

from an aerial can also be considered as equivalent to the
noise power from a resistive load at a temperature, Ta.
Consider, then, a matched load connected to the input
of an ideal (noise-free) receiver with power gain, G, band
width, B, and having a square-law-detector output.

The

receiver output, R, will be proportional to the effective
noise temperature, T, at the input, and related by the
equation:
R - kGBT

(1)

The comparison of different noise temperatures in an
ideal, loss-free case is then given by the following equa
tions, letting K ■ kGB:
Ra = K(Tr + Ta )

(2 )

RL1 “ K (Tr + * U l)

(3)
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R L2 * K(Tr + TL 2 )

(4)

The subscripts a, r, LI and L2 represent the aerial,
receiver, and the load at temperatures

and T 2 respective

ly.
Equations (2) and (3) give:
Ra - R L1 = K(Ta - T L 1 )

(5)

and from (3 ) and (4 ):

(6 )

RL1 ~ R L2 " K <TL1 ~ T L 2 )
Finally, from (5) and (6 ):

(7)

Ta " TL1 +

Equation (7) then forms the basis for the measurement
of an aerial temperature with respect to a known temperature
scale*

However, from an experimental standpoint it is

simpler to compare the receiver output when connected in
turn to the aerial and to the cold load at T 2 only, and
avoid the direct use of the load at Tj_*

Because T a

and T l 2

are of the same order, the receiver output over the range of
the measurement is not affected so greatly by changes in the
detector law with output level (non-linearity)*

A higher

gain may also be employed after the second detector output,
increasing the scale of the recorded output levels on the
chart recorder and correspondingly reducing errors due to
measurement of the chart*
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The direct comparison of T a and

can be carried out

provided that we know the scale factor relating the effective
temperature at the receiver input to the receiver output
level*

From equation (7) it is seen that this scale factor

is given by

_ Ü ____ •

The value of this quantity can

RL1 “ R L2
be derived in terms of a temperature difference of the same
order as

(Tl 2 - Ta )

by use of a reference noise signal*

This scale factor may be established in the following
manner: A broad-band noise signal from an argon discharge
noise lamp is injected into the receiver input through a
directional coupler and the magnitude of the resulting output
deflection,
( R n - &L2)*
ence

A

» compared with the output difference

Knowing the corresponding temperature differ

(Tl i - Tj^)* the

noise signal,
Then,

A Tjjg,
TL1 - t L2
r L1

fective temperature of the injected
can be determined*
in equation (7) can be replaced by

- r L2

giving:

A r ns
A tns
TL1 +

A r ns

(R a “ R Ll)

Equation (8) applies to the loss-free case.
no system can be loss-free*

(8 )
In practice,

Considering losses in the aerial

and the feed cable between the aerial output and the point
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where the matched load is substituted, the fractional loss,
cK

, will modify equation (2) to:
Ra - K [Tr + T* (1 -o< ) +

<*T0]

(9)

where T0 is the ambient temperature of the aerial and feed
cables.
Equation (7) then becomes:
, _ RHS - PC Tp
3

(10 )

(1 -

where RHS represents the right-hand-side of equation (7)*
The value of 0< must be precisely determined, for, as
T q is approximately 300° Kelvin, a small error in the evalu
ation of the losses can cause an error of several degrees,
i.e., within an order of the anticipated brightness tempera
ture of the background.

Losses which occur in the receiver

system past the point where the substitution of the matched
load for the aerial takes place are common to all measure
ments and need not be known.

Such losses only add to the

effective noise temperature of the receiver.
In the above discussion it has been assumed that the
system is well matched in all cases, i.e., the aerial and
the substituted load both present the same match to the
receiver input.
accomplish.

In practice this condition is difficult to

The match •seen** by the receiver not only

affects the fraction of available power accepted from the
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component at the receiver input, but also can cause the gain
of the system to vary.

It is therefore essential that

precise measurements of the match can be carried out under
operating conditions.
In the present experiment use of directional microwave
devices, a directional coupler and a circulator, allows the
match at the receiver input to be measured in situ, while at
the same time, isolating the input from noise generated or
re-radiated from the receiver.

The observed mismatches can

be minimised by standard techniques and any remaining differ
ences in the matches of the aerial and the load can be
measured and the effect of this difference on the measured
aerial temperature estimated.

Further discussion of these

effects is found in section 2.3 (c).
The accuracy of the final measurement is principally
dependent on the stability of the receiver output.

This

depends on the receiver output noise fluctuations and gain
stability, and also upon the ratios of Ta , T^i, and
the receiver noise temperature, Tr .

to

The smaller the receiver

noise temperature, the higher the possible accuracy of the
result.
b) Corrections for Aerial Response:
In any directive aerial system, not all of the power
accepted by the aerial comes from the forward direction.
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Some power, however small the amount, is accepted from all
directions*

For most applications of aerial systems, res

ponse to power outside the primary direction or main beam can
be disregarded and considered only as adding to the noise
temperature of the system*

However, for an absolute deter

mination of the power received in the main beam of the aerial,
it is necessary to know the nature of the aerial response
away from the forward direction and allow for its effect on
the power measured at the aerial output.
To analyse the aerial response, it is necessary to
define parameters for the description of the response of the
aerial.

The definitions given below follow Seeger, Westerhout

and Van de Hulst (1956), with one exception.

In the case of

the full beam, for the present investigation, the response
out to 24° (— '^■) from the beam axis in both the E and H15
planes is taken. This point was chosen as the boundary for
the full beam as the response in the two planes is equal at
this point, and it is just above the level where the second
E-plane side-lobe is found.

The remaining definitions are as

follows:
A(G, j0

is the aerial power response function over the

sphere with the aerial at its center.

A(0o, 0O) is normal

ized to be equal to one along the beam axis in the forward
direction.

0 is the angular distance from the beam axis,

Figure 2-1:

System of spherical coordinates used
in definitions of the aerial response
pattern*

Q is measured from the axis

of the horn, in the forward direction,
through T T
direction.

radians to the backward
is measured in the plane

of the aperture of the horn.

Beam
Axis

E-plane
pl ane

of

horn a p e r t u r e
H - plane

Figure

2-
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and 0 is the angular measure in the plane normal to the beam
axis.

This coordinate system is shown in figure 2-1.
The beam response, -Q- , is the total power response of

the aerial over the entire sphere, and is given by the
integral:
-Q- “

J' J

A(0, 0) sinOdOdpf

(11)

4 XT steradians
The full beam response» XX.*$ is the power response
integrated over the area previously defined as the full
beam, i.e., out to 0 = 24° for all values of j2f.

_

2fr

A (©,
ji’-Tl"
o o

ft)sinödOd

(12 )

The geometrical area of the aerial is simply given by
the dimensions of the aperture.
Ag 3 ab 3 27.45

A2

The effective area is given by the formula,
A2 G
A e * — d—
4 XT
where G is the forward gain of the aerial and is found from
calculations (see next section) to be 162.
used in this investigation, Ae = 12.90

For the aerial

A 2*

To estimate the contribution to the aerial temperature
from power incident outside the full beam, it is necessary
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to evaluate the integral:
2fY
fir C

(13 )
15
where T(Q, 0) is the distribution of the brightness tempera
ture over the sphere, whether it be sky or ground contribu
tion,

This integral can not be solved analytically and an

approximate numerical solution must be attempted.

Such a

solution involves the summation:

(14 )
i

j

where T(©^, ^j) is the brightness temperature in a given
direction and A(0^, ffj) is the response of the aerial in the
same direction.
The estimation of this summation is made possible by
the measurement of the aerial response away from the main
beam, and a knowledge of the approximate brightness distri
bution over the sky at the time of the measurement of aerial
temperature.

These factors are discussed in more detail

later in this chapter.
c) Conclusions:
From the above discussion it is seen that the measured
aerial temperature, Ta , does not directly represent the
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brightness temperature of the region of the sky to which the
aerial beam axis is directed.

To obtain this brightness

temperature, first, Ta must be corrected for the losses in
the aerial and between the aerial and the receiver input.
This is done by application of equation (10), yielding Ta ,
the aerial temperature due to the power incident upon the
horn aerial from all directions.
Ta can then be separated into the following temperature
components:
Tfb

contributed from regions of the sky within the full
beam of the aerial

T^

originating from ground radiation

&

Ts

contributed from regions of the sky outside of the
full beam,

and it follows that:

T1= T fb

+ Tg +

TS-

<«>

Finally, T ^ is seen to consist of a contribution from
the brightness temperature, T^, of the region of the sky
within the full beam of the aerial, and Ta^m , a contribution
due to the Earthfs atmosphere.

Thus, if X is the fraction

of the total power received by the aerial which is in the
full beam, the average brightness temperature within the
full beam is given by:
m _ Tfb “ Tatm
Tb -----------X

(16 )
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2.3

EQUIPMENT
a) Aerial System:
A pyramidal horn aerial was chosen for the present

investigation.

Such an aerial system has the advantages

that its forward gain and main beam response can be accurate
ly calculated from knowledge of the dimensions of the aper
ture and the field distribution across the aperture.
i) Design: In designing the aerial, the following
factors were taken into consideration:
frequency of operation
frequency range over which the aerial might be used
desired beamwidth to half-power points
symmetry of beam shape in E and H-planes.
The ease with which the horn could be mounted and
steered limited the length to approximately eight meters, or
about 10 wavelengths at 408 Mc/s.

For an aerial in which

aperture size and horn length are a limitation, it is desir
able to design an optimum gain horn, this being one in which
the forward gain is the greatest possible for the given
length.

From information given by Silver (1949), the approx

imate gain of an optimum gain horn of 10 wavelengths was
found to be approximately 160 ( 22 db ).

Using this approx

imate gain and following the methods outlined by Slaton (1954)

Figure 2-2:

Physical dimensions of the aerial and
waveguide sections.
a = dimension of aperture in H-plane
b = dimension of aperture in E-plane
ljp slant length from aperture to
vertex in H-plane
lg= slant length from aperture to
vertex in E-plane
wjp dimension of waveguide section in
H-plane
w0= dimension of waveguide section in
E-plane
(Note that 1E and 1H are measured to
their respective vertices rather than
to the throat of the horn.)

Figure

2-2
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and Braun (1953) the dimensions of the horn aerial were cal
culated from the following equations.
a = O .468

’\fg'

b = O .346

V7
(17)

Le 53 0.0576 g

From Figure 2-2 it can be seen that a and b are the H-plane
and E-plane aperture dimensions, W e and Wjj are the waveguide
dimensions in the designated plane, and Le and

refer to

the side lengths of the horn, from the aperture to the
vertex.
The results of the above empirical formulae are only
firsdt order approximations and to find the actual gain of a
horn with the above dimensions, the quantities A and B are
calculated as follows:
a

(18 )

Values of A and B are tabulated by Braun and relate to the
gain of the horn in the E and H planes.

They combine to

give the total gain according to the following equation:

(19)
32
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If this derived value of gain, g f, varies from the originally
specified gain, g, the process may be repeated by the substi2

tution of Ji-. for g in equations (17)*

Applying this method,

g
the final values derived for a, b, Le , and

will result in

a horn of the specified gain*
Using the process outlined above, the following values
were obtained:
a = 6*10
b = 4*50
Le = 10.01
■ 10.64
Substitution of these values into equations (18) and (19)
above and application of the tables provided by Braun yields
a value of gain, G * 162 (22.1 db).

Recent investigations

by Jull and Deloi (1964) have shown that there is a systemat
ic error of 2.5 percent in the gains derived by the above
method and this uncertainty will apply to the final results
obtained.
In an optimum gain horn, the tapers of the sides of the
horn are made as great as possible in order to allow the
aperture to attain the greatest dimensions in the shortest
length.

If too great a taper is allowed, the difference in

phase between the wave front at the center and at the edges
of the aperture becomes large and results in a rapid loss in

Figure 2-3:

Calculated forward gain of the horn
aerial used in the investigation as
a function of frequency.

Gain

-200

Forward

-150

-100

Frequency
Fi gur e
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2-3
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gain*

Since the difference in physical distance between

these two points is constant, the difference in terms of
phase increases linearly with frequency*

Therefore, the

taper of the horn sides places a restriction on the highest
frequency at which the horn can be used*

Figure 2-3 shows a

plot of gain versus frequency for the final horn design.
The useful frequency range is from about 300 Mc/s to about
700 Mc/s,
Frequency restrictions are also set by the waveguide
section used to feed the horn, and the propagation mode
desired.

The waveguide chosen for this investigation has a

lower frequency cut-off (due to guide wavelength becoming
infinite) of 280 Mc/s.

The waveguide will sustain propaga

tion of all frequencies higher than this, but above about
560 Mc/s, it will permit higher modes than the desired TE q ^
to propagate and losses in efficiency will result.
With a change in frequency, the effective size of the
aperture, in wavelengths, also changes.
and shape will vary with frequency.

Thus the beam size

The equations used in

the design of the horn give a very nearly circular beam at
the design frequency of 408 Mc/s.

At other frequencies the

beam can be expected to become more elliptical and the
aerial response away from the main beam changes considerably.

Figure 2-4 (a): Calculated power response of the
horn aerial in its E-plane.
Units are decibels below power
response in the forward
direction, versus 0, the angular
distance from the forward horn
axis.
(b): Measured power response pattern
of the horn aerial in its
E-plane.

Units as above

Calculated
E- Plane
Response

------20

----- 25

Figure 2 - 4 (a)

Figure

Meas ure d

-30

E - Plane

2 - 4 (b)

Response

Plate 1:

Horn aerial (with original mesh surface)
shown with mesh shorting T,platen clamped
to aperture for tests described in
section 2.4 (b).

Note nfront end,f of

receiver attached to waveguide section.
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At the design frequency the main beam response for the
horn aerial is expected to be circular down to half-power
points, becoming somewhat elliptical down to approximately 15
percent of the peak response, where the first side-lobe in
the E-plane appears.

The calculated pattern for the horn is

shown in figure 2-4 (a).

This may be compared with figure

2-4 (b) which shows the measured response pattern.
ii) Construction of the Horn and Mounting:

Light

gauge steel tubing was chosen for the frame of the horn as
it was desirable to keep the structure as light as possible
for ease in mounting and steering it.

Steel tubing offers

durability with low maintenance, a high strength-to-weight
ratio, and ease of fabrication.

For added strength, the

central "box” member of the horn was constructed of
3,fX 6” x l/4n steel channel which provided a strong attach
ment for the axis of support of the horn.

This construction

can be seen in Plate 1 which shows the completed horn struc
ture.

The aperture and throat flanges were both of square

section tube to allow ease in attaching the wire mesh which
covered the inside of the frame, and for good connecting
surface for the removable waveguide section at the throat.
The tubular members were all 1^** O.D. 16 gauge steel tube.
The structure was arc welded.

The top and bottom sec

tions of the horn were prefabricated on jigs to accuracies
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of better than 3 millimeters and then joined to the central
supporting steel channel assembly with the intermediate
members being added at that time.

This method of fabrication

allowed overall accuracy of 5 millimeters to be achieved.
The original surface material chosen for the inside of
the horn frame was 1” X 19 gauge galvanized chicken wire.
It was preformed and soldered together at all seams to insure
good electrical continuity.

Initial test with the aerial

indicated that the transmission through this mesh at 408
Mc/s was only -23 db (0,5 percent) and might affect the
amount of side and back radiation accepted by the horn.
The relatively small proportion of conducting surface per
unit area also increased the possibility of losses in the
mesh, especially at the throat of the horn where the current
density was greatest.

In view of these considerations, a

new surface was put on the aerial.
The new conducting surface for the inside of the horn
frame was 14 X 18 (wires per inch) X 33 gauge bronze mesh.
The four sides were prefabricated by stretching the mesh
tightly over light wooden frames and tacking the mesh to the
wood.

All seams were continuously soldered to insure good

electrical conductivity.

At the throat and aperture of the

horn, the mesh was pulled tight and secured to the steel
horn frame by means of a 2.5 centimeter X 16 gauge brass
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strip which was fastened to the frame by screws every 15
centimeters,
A transit type mount was decided upon for simplicity of
fabrication.

The mount was of a dual A-frame type, construct

ed of 3” heavy gauge steel tube.

Steel plates ^” thick were

provided on the tops of the A-frames to provide mounting sur
faces for the bearing blocks which supported the horn.
frames were bolted to concrete footings.

The

By using shims

between the footings and the frames, the tops of the mount
ing frames were adjusted to be within one millimeter of
being the same height.
To allow ease of access to the waveguide section even
when the horn was pointed at low altitudes, the mounting was
only 12 feet from ground level to the tops of the A-frames.
Three feet of earth was excavated from between the bases of
the mounts to allow the horn to be "reversed” or pass through
the zenith without removal of the waveguide section.

With

this mounting, an altitude range of 0° to 90° on both sides
of the zenith in the meridian was available.
The axis of rotation of the horn was about a 2” steel
shaft which was welded to the center of the supporting
channel sections of the H-plane sides of the horn.

These

shafts passed through two pillow blocks on each side and the
blocks were bolted to the horizontal plates on the tops of
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the A-frame mounts.

These pillow blocks were adjusted to

allow rotation of the antenna while supporting its weight with
the shaft on either side acting as a cantalever member.
For locking the horn in any chosen position, a semi
circular sector plate was attached to each supporting shaft,
between the horn and the pillow blocks.

A steel pin passing

through holes in the sector plates and locking the horn to
the mounting frames allowed the horn to be locked at inter
vals of 2.5° over its entire range of movement,
iii) Ground Screen: All the ground within 10 meters
of the horn and mounting was covered with a 2 n chicken wire
mesh to prevent ground radiation from entering the back and
distant side-lobes of the aerial that might "see” the ground
at that point.

North of the horn at distances of 15 and 35

meters, fences 2^ meters high were erected.

These extended

approximately 20 meters either side of the north-south line
through the horn and helped minimise the amount of ground
radiation entering back lobes of the horn when it was pointed
at the south celestial pole, a primary calibration region.
b) Waveguide Section and Coaxial Transition:
The waveguide section was a standard size for the fre
quency range.

Its dimensions were 26.67 centimeters in the

E-plane by 53*34 centimeters in the H-plane.

The section
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was of all brass construction to ensure good conductivity*
It supported the desired mode of propagation, TE q ^, for all
frequencies in the range from 280 Mc/s up to 560 Mc/s, above
which the guide wavelengths became short enough to propagate
in higher modes*
A coaxial-to-waveguide transition was used to connect
the horn to the receiver*

The transition was designed to

achieve the following characteristics:
1) a low standing-wave-ratio, or reflection coeffic
ient maintained over a bandwith of nearly 10 per
cent of the signal frequency, and
2) transformation of the relatively high impedance
of the waveguide section to the 50 ohm character
istic impedance of the receiver input.
A crossbar transition was chosen because of the broad
band qualities of such a device*

This choice provided three

variable parameters to adjust to attain the broadband match,
1) the size of the crossbar members,
2) the position of the crossbar in the E-plane of
the waveguide,
3) the distance of the shorting plate closing the
back of the waveguide section from the crossbar*
The center probe connected to the crossbar was tapered
and connected to a 50 ohm type N connector mounted on the
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top of the waveguide section.

Although this transition did

not provide an optimum transforming section, a reasonable
match could be achieved at the input to the receiver by the
use of coaxial matching devices outside of the waveguide sec
tion.
The crossbar and probe were placed about 50 centimeters
from the throat of the horn, this distance being sufficient
for any higher modes produced by the crossbar to evanesce
before reaching the horn where they might propagate.
c) Receiver System:
The receiver system used for this investigation was a
switched, crystal mixer type radiometer.

The receiver

accepted both the signal and image sidebands, each of 10
Mc/s bandwidth, extending from 4 to 14 Mc/s.

The measured

system temperature was 350° and with an output time-constant
of two seconds, peak-to-peak output fluctuations were measur
ed to be equivalent to 0.7°K of aerial temperature.
A block diagram of the receiver system is shown in
figure 2-5*

(See Plate 2 also.)

The coaxial matching sec

tion, M, is considered as part of the aerial system, and the
receiver input is at A, the input to the directional coupler,
DDC.

Port (1) of the coupler allows a calibration signal

from an argon discharge noise tube, NL, to be injected into

Figure 2-5 i

Block diagram of receiver layout*
M = coaxial matching section on aerial
A as receiver input

DDC = dual directional coupler
Port (1): calibration signal injection port
Port (2): terminated in 50 ohm load, R1
NX = Argon discharge noise lamp
SW = coaxial diode switch
B = output of switch
R2 = 50 ohm reference termination immersed in
liquid nitrogen
X = crystal mixer
C = three port circulator
R3 = 50 ohm termination immersed in liquid
nitrogen
L0 = local oscillator
See also Plates 2 and 3•

HORN

SWI TCH
DRIVE

CRYSTAL
C U R R EN T

PRE
AM PLIFIER

M U LT I VIBRATOR

MIXER
M O N IT O R

MOUNTED

ON

HORN

AERIAL

RADIO

ROOM

E Q U IP M E N T
M A IN l.F
A M P LIFIE R

2 ND
DET.

RECORDER

SYNCH
DET

Figure 2 “ 5
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Plate 2:

Layout of microwave components contained
in nfront end" of receiver.
Figure 2-5•

See also

Plate 3 I Receiver room equipment rack.

From top of

rack, sections ares
multi-vibrator for

output level

switch drive

balance meter
I.F. Attenuation

Main I.F# Amplifier

and Second Detector

A.C. Amplifier, Synchronous Detector, Output
Stage
Junction Box and

Power Supplies

The General Radio oscillator used as a local
oscillator is shown on top of the output
recorder to the right of the rack.
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the receiver.
load,

Port (2) is normally terminated in a 50 ohm

at ambient temperature, T Q, however, it can also

be used to inject a signal to test the reflection coefficient
of the component on the input to the directional coupler
(point A).
The coaxial diode switch, SW, alternately connects the
coaxial line at B to the signal and reference arms of the
switch.

The termination, R£, on the reference side of the

switch is immersed*in liquid nitrogen.

The switch is

isolated from the input to the crystal mixer, X, by means of
a three port circulator.

The dummy port of this circulator

is terminated in a 50 ohm load, R3*

Any excess noise gener

ated in the mixer crystal, or noise re-radiated from the
mixer input cannot propagate back toward the receiver input,
A, but is absorbed in the load, R3*

The thermal noise gener

ated in R3 itself can reach A, and will be partially reflect
ed by any mismatch at that point, contributing to the noise
temperature measured at the receiver input.

To keep this

contribution to a minimum, R3 is immersed in liquid nitrogen.
The dummy port also provides a facility for injecting a high
level noise signal to investigate the reflection coefficient
or mismatch of the components on either arm of the switch.
The crystal mixer is biased by a signal from a local
oscillator, L0, which governs the operating frequency of the

Figure 2 6 (a): Voltage standing wave ratio of horn
aerial and coaxial matching section
measured at output connector of
matching section.
(b): Voltage standing wave ratio of the
comparison termination and a shunt
tuning stub, measured at the output
of the stub
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system.

This oscillator can be tuned over about five mega

cycles if necessary to avoid narrow band interference such
as radar,

A fixed d.c, bias is also applied to the mixer

crystal to insure that the conversion gain is insensitive to
small changes in local oscillator power output.
A pre-IF amplifier, with about 60 db gain, completes the
package which is mounted directly on the horn.

The "back

end” of the receiver system is housed in a building 20 meters
away from the horn.

The back end (see Plate 3) includes the

main IF amplifier, second detector, a.c. amplifier, switch
drive, synchronous detector, and recording facilities.
2.4

SYSTEM MEASUREMENTS
a) Match:
The reflection coefficient, or standing-wave-ratio, of

both the horn and comparison termination were measured by
the conventional means of a signal generator, slotted line,
and detector.

For the aerial a vswr of better than 1.1 was

achieved over the frequency range 380 Mc/s to 430 Mc/s.

The

termination had a vswr of 1.12 at a frequency of 410 Mc/s,
and varied over the bandwidth.

The results of these measure

ments are shown in figure 2-6.

However, it is important to

know the actual standing-wave-ratio at the input to the
receiver under operating conditions with the horn or
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reference termination connected*

This measurement is made

possible by the use of a directional coupler or circulator*
In either case, the procedure is the same.

With the system

in its normal operating state, a high level noise signal from
an argon discharge tube is introduced into the system, propa
gating from the receiver toward either the horn or the refer
ence termination on the input.

If a mismatch exists, a

fraction of the noise signal power will be reflected back to
the receiver where it is detected as though it were power
delivered from the relevant load.

The matching device at

the receiver input is then adjusted until the reflected
power reaches a minimum, indicating that best possible
match, under the conditions present, has been achieved.
This method has several obvious advantages.

First, it

allows in situ measurements of the match at the receiver
input; second, it uses the full sensitivity of the receiver
system as a detector and allows a high degree of precision
in the measurement of the reflected power; and finally, it
is independent of the band-pass characteristics of the
receiver since the same band-pass operates in all of the
tests.
b) Losses:
To determine the loss in the coaxial matching section
used on the horn aerial, one end was short-circuited and the
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voltage-standing-wave-ratio (vswr) at 408 Mc/s was measured
at the other connector.

If the loss can be assumed to be

purely a distributed resistive loss, it is related to the
measured vswr by the following equation:
c< * 10 log10 Xgy.
r.t- 2- db
-L'J vswr - 1

(2 0)

The test on the matching section yielded a vswr of 70-4
which indicates a loss of 0.124

- «006 db*

With the end of the waveguide transition section shorted
by a sheet of brass clamped securely to the flange, the vswr
at the waveguide-doaxial output was measured.

Although the

waveguide was essentially a cavity, because of its dimen
sions it could support only one mode of propagation at 408
Mc/s, and the loss measured would be due to the resistive
losses, including the power transfer loss of the coaxial-towaveguide transition.

The measured vswr at the output was

147 -6, corresponding to a loss of 0.058 - .002 db.
The same type of test was then attempted with the horn
aerial.

First, the aperture was closed with a fine bronze

mesh cover which was clamped securely around the edges to
ensure good electrical contact.

With the waveguide section

placed on the horn throat, the vswr was measured at the
waveguide-coaxial output.

In this case, the closed horn

acted as a cavity in which numerous modes of propagation
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were possible and certainly did exist.

Since the higher

modes present resulted in higher losses, it is reasonable
to accept the measured loss as an upper limit to the losses
in the horn under normal operating conditions.
In practice, it was found to be very difficult to
obtain a measurement of the vswr of the horn aerial,

A

slight wind was found to move the mesh sufficiently to
change the internal dimensions of the cavity and alter the
modes present.

This apparently shifted the minimum of the

vswr sufficiently to disturb the measurement of the vswr by
the "double minimum" method being used.

What measurement

could be made indicated the losses were not measurably
greater than those of the waveguide-doaxial transition
section alone.
An estimate of the losses by treating the horn as a
section of waveguide of increasing cross-section yielded a
loss of approximately 0.01 db, and this value is adopted in
subsequent calculations.
The losses in the comparison termination and its match
ing stub were measured by substitution of a short-circuit
for the resistive element and subsequent measurement of the
vswr.

This measurement yielded a vswr of 29»2 -1.0 for the

load and its tuning stub.
0.30 - .01 db.

The corresponding loss is

Figure 2-7:

Elevation sketch of aerial test range
used to measure E-plane response of the
horn aerial.

See also Plate 4.
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Plate 4:

Tower and small horn aerial used for
transmission in aerial test range.
See also Figure 2-7*
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Since the comparison termination is substituted for
the aerial system at the receiver input (point A on figure
2-5), losses in the remaining r.f. components are common to
the two measurements and need not be measured.
c) Beam Pattern Tests:
The beam pattern of a horn aerial can be calculated to
a reasonable accuracy out to a distance of several beamwidths.

Beyond that point the difference between the calcu

lated and measured responses can become large.

This arises

from mechanical distortions and electrical losses which
cause differences between the field distribution at the
aperture of the actual horn compared to that at the mouth of
the theoretical radiator.

Accurate knowledge of the beam

pattern or response away from the main beam can only be
derived from measurements on the actual horn aerial.
For this purpose an aerial range was set up as shown in
figure 2-7*

The transmitting aerial, a pyramidal horn with

aperture dimensions 60 centimeters by 60 centimeters, was
situated on top of a 12 meter tower (Plate 4) which could be
moved along a north-south line, therefore on the E-plane
axis of the horn.

Two fences, each approximately 2^ meters

high were erected between the horn aerial under test and the
transmitter to prevent ground reflections.

As the horn

Figure 2-8:

Results of transit observations of the
Sun to determine the aerial response in
the H-plane down to -20 decibels below
the forward gain

Figure

2-8

Beam

Response
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aerial was rotated along the meridian, the response in the
E-plane was measured.

The transmitted power was varied to

keep the receiver output at a constant level as the direction
in which the horn was pointed was changed.

The power re

quired to obtain the given receiver output was then a measure
of the response of the aerial in that direction.
The response was derived with the transmitting tower in
three different positions, 45 > 90 and 150 meters distant
from the horn aerial on a north-south line.

The results of

these tests is shown in figure 2-4 (b).
Since it was not possible to move the horn aerial in
azimuth, and very difficult to move the transmitting tower
on a circle of constant distance from the horn, the H-plane
pattern was measured by observations of the sun.

These

measurements did not allow the H-plane pattern to be plotted
below -20 db.

Side-lobe structure below this level is of

the same order as variations in the background and cannot be
easily distinguished.

The results of the solar transit

observations are shown in figure 2-8,
d) Effective Temperatures of Substitution Load:
The effective temperature of the substitution load was
calculated from knowledge of the temperature of the resistive
element, losses in the coaxial transmission section, and the
temperature gradient along the transmission section.

The
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loss in the load and tuning stub, noted previously, was
0.30 - 0.01 db.
When the resistive element was immersed in liquid
nitrogen, the contribution of the losses became evident, as
much of the load and matching stub remain at ambient temper
ature.

The boiling point of liquid nitrogen is 77*3°K.

This would be increased by 0.2°K for up to two percent dissolved oxygen, andAapproximately 0.5°K allowing for the at
mospheric pressure at the time of the observations.

The

nn

.

effective temperature of the nitrogen was taken as 7§.0 0.5°K.
The resistive element of the termination was in good
thermal contact with the nitrogen.

However, if it were not

in thermal equilibrium with the nitrogen, its temperature
might be expected to be slightly higher.

It is expected

that error from this source does not exceed 0.5°K.
Following Stelzried (1961) the effective noise tempera
ture of the load, i.e. the resistive termination and the
associated coaxial transmission line, was calculated by
dividing the line into four sections, each with a loss
aid an average temperature, T-^.

o(. i,

The assigned lengths of the

sections are determined from the following measurements:
tie length of the load below the surface of the liquid nitogen, the length above the surface of the nitrogen where ice
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formed on the load, and the remainder of the load to the out
put connector*

The matching stub was then considered as an

additional section.
The average temperature was estimated for each section
and the losses were calculated on the assumption that the
measured losses were evenly distributed over the length of
the coaxial transmission line.

With these quantities, the

effective noise temperature of the load is given by:
TL2 = < °<s) Ts + ( <*3 )(ts ) T3 + (

2)(t3)*ts) ?2

+ ( <*i)(t2)(t3 )(ts) Ti + (t1 )(t2)(t3 )(ts) Tjje

(21)

where t^ - (1 - o ( -j-) is the transmission coefficient for the
i*'*1 section, and the subscripts nsn and nRE” indicate the
stub and resistive elements, respectively.
Using this equation, the effective temperature of the
load presented at the receiver input when immersed in liquid
nitrogen was calculated to be 89.1 - 0.7°K.

The effective

temperature with the load immersed in ice water was calculat
ed to be 273.6 - 0.2°K.
e) Calibration of Noise Lamp Signal:
For an accurate comparison of the difference in the
aerial temperature between the horn and the reference termin
ation, it was necessary to know the value of the signal
introduced by the argon discharge noise lamp used to transfer
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the scale factor of the receiver output according to equa
tions (7) and (8).

This signal was measured in the follow

ing way:
The reference termination was immersed in ice—water and
connected to the receiver input.

The match was adjusted to

give the minimum vswr over the received bandpass.

The noise

lamp was then turned on and the increase in receiver output,
Rjjg, noted.

With the noise lamp once again turned off,

the reference termination was immersed in liquid nitrogen.
After the receiver output reached its new level, giving a
constant output, it was assumed that the termination had
reached the temperature of the liquid nitrogen.
The match of the termination was again tested to ensure
that it had remained the same.

Th^ noist limp cajLioration

signal was again switched on and the increase in receiver
output noted.

(This also provided a test of the linearity

of the detector law over the range of the measurements.)
The difference in levels between the receiver output with
the termination in ice-water, R l 2> ar*d liquid nitrogen, Rj^,
after correction for detector law, established the tempera
ture scale for the receiver output (Tl 2 - Tl 2 )*
of the noise lamp calibration signal,

A Tjjg,

aerial temperature, could then be obtained.
value for the signal was

The value
in terms of

The derived

A T jjs = 61.8 £ 1.0°K.

Figure 2-9:

Zenith angle effects determined by
comparison of measurements of selected
southern regions at upper and lower
culmination.

Base level at ZA = 0° is

from calculations in sections 2,5 (a
and b).
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2.5

CORRECTIONS TO AERIAL TEMPERATURE
a ) Ground Radiation TgS
The determination of the contribution of the power from

ground radiation in side and back lobes to the measured
aerial temperature is important.

As the horn mounting did

not allow movement in azimuth, it was impossible to use the
standard technique of tracking the same region of the skyover a large range of zenith angles to determine the zenith
angle effect.

The method used was to compare the apparent

brightness temperature of regions at upper and lower culmin
ation,

Because of the large zenith angle of the south cel

estial pole (ZA » 57°) from the observing site, it was poss
ible only to do this for zenith angles 24° to 90°(S),

These

measurements give an idea of the magnitude and character of
the effect.

Several sets of measurements were made and gave

the result shown in figure 2-9.
From the measurements of the beam response and numerical
evaluation of equation (14) it was found that approximately
5 percent of the total power accepted by the aerial was from
regions with 0 > 90°, that is, in the back hemisphere.

On

this basis, taking the ground as being at ambient temperature
at vertical incidence, and approximately 100° at grazing
incidence (derived from above zenith angle tests), the total
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contribution to be expected from the ground with the aerial
pointed toward the zenith is Tg = 9°K.
At zenith angle 57°S (south celestial pole) the calcul
ated ground contribution rises to 9.6°K without the ground
screen, the increase of 0,6° being comparable to the value
indicated from the zenith angle tests above.

With the ground

screen in place, the calculated ground contribution at zenith
angle 57° drops to Tg =* 4,9°K,
b) Sky Contribution Outside the Full Beam Ts :
The average brightness temperature over the sky visible
at the time of the observations of the south celestial pole
was estimated from the brightness distributions shown by the
surveys of McGee, Stanley and Slee (1955) at 400 Mc/s, and
Piddington and Trent (1956) at 600 Mc/s,

These surveys were

scaled and adjusted to the base values determined by PaulinyToth and Shakeshaft (1962) at 404 Mc/s in the northern sky.
On this basis, the average brightness temperature of the sky
visible during the several observing periods was estimated
to vary between 37° and 41°K.
The value of Ts derived from these average brightness
temperatures will be subtracted from the measured aerial
temperature according to equation (15)*

if the final

brightness temperature obtained indicates an error in the

47
base level of the contours on which the present contribution,
Ts , is based, the correct base level value will be applied,
entering the final result as a second order correction.
Considering the power response outside the full beam,
the calculated contribution from the sky was 4.4°K when the
aerial was pointed at the south celestial pole.

The uncer

tainties in the average brightness temperature over the sky
introduces a possible error of - 0.5°K in the sky contribu
tion to the total observed aerial temperature,
c) Atmospheric Contribution Tatm :
From curves provided by Hogg (1959) the approximate
contribution to the sky temperature to be expected from the
atmosphere at 408 Mc/s is 1°K at the zenith.

This contribu

tion is included in the calculated sky contribution, Ts , and
is allowed for in the final calculations of full beam bright
ness temperature outside the atmosphere.

Following the

secant extinction relationship, the contribution of the
atmosphere at zenith angle 57° is approximately Tatm = 1.8°K.
2.6

OBSERVATIONS
The primary reference region chosen for the determina

tion of the absolute sky brightness temperature in this
investigation was the region centered on the south celestial
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pole.

Its constant position in the sky makes it an obvious

choice for a standard region.

The observations consisted

essentially of techniques noted in earlier sections of this
chapter.
The horn aerial was pointed directly at the south cel
estial pole and the receiver output noted.

The match at the

receiver input was measured and the amplitude of the noise
lamp: calibration signal was noted.

The reference termination

was then substituted for the horn aerial at the receiver
input and the match adjusted to ensure that it was the same
as the aerial.

The substitution was made both with the

termination at ice-water and liquid nitrogen temperatures to
provide two reference points.

The amplitude of the noise

lamp signal was noted with the load at both temperatures to
check the detector characteristic.

The comparison between

the cold load and the aerial was made a number of times each
night of the observations.
The observations were carried out in the interval 20*1 00*1 - 03*1 local solar time.

There was no local automobile

traffic at this time, and other possible sources of inter
ference, such as electrical machines, were thought to be at
a minimum.

In an attempt to detect any interference, the

local oscillator of the receiver system was tuned through
several megacycles and the I.F. noise of the receiver was
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monitored on a cathode ray oscilloscope.
noted at any time during the observations.

No interference was
Also, the nature

of the I.F. noise was found not to differ between the load,
which is not susceptible to external R.F. interference, and
the aerial.
It was found that the receiver output with the aerial
pointed at the south celestial pole exhibited a small
systematic variation with a period of 12 hours.

This varia

tion, measured to be 0.5°K of aerial temperature was due to
the asymmetry of the aerial response in the E and H-planes.
As the brighter regions toward the Magellanic Clouds and the
plane of the Galaxy came into the broader E-plane, the
receiver output was noted to rise.

Calculations of the

expected sky contribution to the aerial temperature indicated
that a change of 0.6°K was to be expected.

This variation

was accounted for in the correction for the sky contribution,
Ts, in the calculation of the final brightness temperature.
2.7

RESULTS
a) South Celestial Pole Region:
The aerial temperature measured at the receiver input

while the aerial was pointed at the south celestial pole was
(neglecting errors for the present discussion)2 Ta = 41*8°K.
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Correcting this for contributions from the loss in the
horn and matching sections according to equation (10):
Ta ~

Tq

(1 - o< )
with

o< = -0.182 db,

31.5°K

(1 - OC ) = 0.959> and T Q = 283°K.

Then, combining equations (15) and (16):
Ta - Tg ~ Ts ~ Tatm = 20,40,;

where

Tg = 4.9°K
Ts = 4.4°K
Tatm = 1 .8°K

as derived in previous sections.
The fraction of the power in the full beam is calculated
from the integration of the beam response over the full
beam, -Q-*, and the entire sphere, -O- .

The fraction, X, of

the power in the full beam is then given by the relationship:

X =

= 0.8 5
-Q_
Therefore the average brightness temperature of the

region of the sky centered on the south celestial pole and
included in the full beam of the horn aerial is:
Tb = 24.0°K
This is the brightness temperature which would be
observed by a loss-free aerial with all of its power in the

TABLE 2—1: EXPECTED ERRORS IN THE DETERMINATION OF BRIGHTNESS TEMPERATURE
WITH HORN AERIAL
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full beam and looking through a loss-free atmosphere at the
south celectial pole.

This result is subject to second

order corrections which are discussed in Section 2,8.
The sources of error and their measured or estimated
contribution to the final value of brightness temperature
are set out in Table 2.1,

If all of the error given are

random, the expected standard deviation of the final value
of Tfc at the south celestial pole is 1,6°K.
b) Northern Reference Regions:
Provisional measurements of the absolute brightness
temperature were also made at two points near declination
0°,

These measurements were carried out primarily as a

direct check on the base levels of the 404 Mc/s survey of
Pauliny-Toth and Shakeshaft (1962 - referred to as FTS in
the present discussion).

It is important to check their

results, since the correction, Ts , of Section 2.5(b) was
calculated using the levels given by PTS.
The temperature determinations in the northern regions
were more uncertain than that at the south celestial pole.
Since the aerial used was a transit instrument, the observa
tions of any region other than the south celestial pole had
to be carried out in a short period of time and only a small
number of substitutions were possible.

The determination of
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the base line stability of the receiver system over such
periods was also more uncertain.

Observations of the

northern regions were carried out by substitution of the load
at 0°C only.

The expected errors due to gain variations and

non-linearities in the receiver system over this large
temperature range are therefore larger.

In order to obtain

some idea of the accuracy to be expected from the measure
ments over this large temperature range, measurements of the
south celestial pole were carried out under the same condi
tions during the same observing sessions.

Measurements of

the pole indicated that the standard deviation of seven sub
stitutions was 1.1°K, but in some instances the difference
between two successive measurements was as much as 5°K.
For comparison with the present measurements, the
brightness temperatures in the two northern regions were
calculated by smoothing the observations of FTS and Seeger,
Stumper and van Hurch (1959 - referred to as SSH in this dis
cussion).

The absolute base level of the survey of SSH is

based on the same experimental data as that of FTS, and
these are therefore not entirely independent sets of data.
However, the relative values of brightness temperature are
independent in the two studies.
In a comparison of 9 regions observed by both FTS and
the higher resolution of SSH, it was found that the mean
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Considering the expected errors, from the differences
in brightness temperature noted, it then appears that the
FTS base level is too high by some 3° to 4°K.

This is in

general agreement with Baldwin (1963) who claims the correc
tions for side-lobe effects in the PTS measurements were too
small«
2«8

SECOND ORDER CORRECTIONS
On the basis of the preceding section it is now possible

to estimate the possible errors in Ts due to an error in the
adopted base level of the estimated brightness temperature
over the sky.
In Section 2«7(a) it was noted that 14 percent of the
power incident on the aerial came from regions of the sky
outside the full beam«

A change of 3° to 4°K in the average

brightness of the sky would produce a corresponding change
of 0.5°K in Ts .
Applying this correction to the values of Ts determined
earlier in this chapter, we obtain the following final
brightness temperatures for the regions observed.
Region

Tb

Expected Error (r.m.s.)

South Celestial Pole

24.5°K

1.6©

14h50m

-5°

23.5

3.4

22h00m

+5°

20.5

3.4

CHAPTER THREE
BACKGROUND STRUCTURE SURVEY AT 408 Mc/s
3.1. INTRODUCTION
Early radio surveys established that the brighter
portions of the observed cosmic radio emission were concen
trated toward the galactic plane and it was concluded that
most of the observed radiation had its origin in the disk of
our own Galaxy,

But at long meter wavelengths, it was shown

that the high galactic latitude regions were unexpectedly
bright.

This posed the question of the origin of the

observed high latitude radiation.

A possible answer to

this question was found in the postulation of a spherical
radio corona surrounding our galactic system.
As was indicated in Chapter One, the idea of a radio
corona gained general, but not complete, acceptance by
astronomers.

Recently the existence of such a corona has

been questioned, even by those whose work originally support
ed such an emitting region about our Galaxy.
The present work was undertaken in order to study the
structure or brightness distribution of several medium and

55

56
high galactic latitude regions.

From the observed bright

ness distributions it should be possible to estimate what
contributions to the background radiation have their origins
in discrete sources, or other components which can be
recognized by their structure and how much is an isotropic
background due to the integrated emission of faint extragalactic sources.
The survey was carried out at 408 Mc/s (73*4 centi
meters).

With the 48 ’ of arc beam of the 210-Foot Reflector

at this frequency, the survey was resolution limited.
Although high-resolution surveys have been made previously
at decimeter and meter wavelengths, those discussed in the
literature have all been made with aerial systems which
accepted only one polarization.

Since the discovery of the

existence of linear polarization of the background radiation
over large portions

of the sky at decimeter wavelenths

(Westerhout, Seeger, Brouw and Tinbergen, 1962; Mathewson
and Milne, 1964), it is apparent that the results of previous
surveys would represent a mixture of the total emission and
the polarization structure, which might be misleading in the
interpretation of the structure of the brightness distribu
tion of the regions surveyed.

The polarization temperatures

at 408 Mc/s have been observed in some regions to reach
values as high as 7°K tb and values of 2° to 3° are common
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over the large portions of the sky where the polarization is
found.

In the present work, the mean of two orthoganal

polarizations is measured giving the total emission bright
ness temperature of the three representative regions studied.
3.2

PRESENT OBSERVATIONS
a) Regions Selected:
i) South Celestial Pole (SCP): The south celestial

polar region was chosen principally because of the necessity
of knowing the brightness distribution for the region
observed by the horn aerial in Chapter Two.

This allows us

to determine the base brightness temperature for the
210-Foot telescope observations (Section 3*2(d.ii).
The region includes approximately 0.3 steradians
centered on declination -90° ( 1 ^ 303°>

-28°).

There

have been no previous high resolution surveys of the region,
for comparison purposes, but its position at medium galactic
latitudes allows the study of possible nearby structure in
the transition region from the disk to higher galactic
latitudes.
ii) South Galactic Pole (SGP): The region of the
south galactic pole is an obvious area for the investigation
of high latitude structure.

It also occupies a position of

interest from the standpoint of the band of enhanced emission

Figure 3-11 Distribution in galactic coordinates
of the north polar spur.

Region of

present survey is shown.

Bright region

has been suggested by some
investigators as a possible extension
of spur, continuing down through the
region of Centaurus A,
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on one edge of the region.

It has been suggested that this

band, designated the Cetus Arc (Large, Quigley, Haslam,
1962), is part of a relatively nearby supernova remnant.
iii) North Polar Spur: The north polar spur, so
named because it extends from the galactic plane into the
region of the north galactic pole, forms the most obvious
structure at high galactic latitudes.

The region of the

spur extends from the plane at l**- = 30° to b ^
1

= 310°*

* +75° at

From this point it has been suggested that the

spur might continue back toward the plane again, including the
bright region at l^1*- = 290°, b^i *= +60°, and passing through
the region of Centaurus A, I*-* =* 312°, b*i 88 +19°.

The

region covered in the present survey is centered at
l** «

14°, b

the spur.

« 45°> lying just off of the main ridge of

The region of the source Centaurus A and the

nearby background had been examined as part of another study
(Cooper, Price and Cole, 1965)*

The orientation of the spur

and the region of the investigation are shown in figure 3-1*

b) Equipment:
The aerial used in the survey was the 210-Foot
reflector of the Australian National Radio Astronomy
Observatory.

At the survey frequency of 408 Mc/s its

measured half-power beamwidth is 4 8 * of arc.

The aerial is
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fully steerable and can be controlled in either alt-azimuth
or equatorial coordinates.
The aerial feed used is a pair of parallel half-wave
dipoles.

This linearly polarized feed can be rotated by a

servo controlled ,ffeed rotator*1 to allow observations at
various feed orientations.
A conventional switched crystal mixer receiver (Mackey,
1963) was used for the observations.

This receiver accepts

both sidebands, each of 10 Mc/s, and with an output time
constant of two seconds, the peak-to-peak output noise fluc
tuations correspond to approximately 0.5°K of brightness
temperature.

With this sensitivity, changes of brightness

temperature smaller than 0.5°K can be reliably determined.
c) Observing Methods:
Each region was scanned in declination at fixed inter
vals of right ascension.

In all cases except the SCP

region, the scans were made at intervals of 2m of right
ascension, or approximately 301 of arc.

The scan rate was

2.5° per minute, allowing approximately 19s for the beam to
traverse a point.

As a general rule, the 2s time constant

allowed the brightness distribution to be accurately follow
ed; however, in the case of the NPS region, a Is time
constant was used to ensure that the structure was accurately
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recorded.

Each scan was done twice, at 0° and 90° feed

angles, to allow the mean brightness distribution or total
emission along the scan track to be derived.
Cross scans, that is, scans in right ascension, were
done at 5° to 10° intervals of declination, depending on the
region, and provided based level checks on the region for
the final plot of the isophotes.

Also, the base levels of

many of the starting points for the scans were referred
directly to a check point at declination -90°.

These base

level determinations were carried out during times at which
the scan check point and declination -90° were at the same
zenith angle thus eliminating the zenith angle effects.
Because of the rapid convergence of the hour circles as
the south celestial pole is approached, scans in this region
were not evenly spaced throughout.

As part of a source

survey (Chapter Four), scans were made at one feed angle
only at each 3m of right ascension between declinations -75°
and -83°, and at 6m intervals from -82° to -87°.

Right

ascension scans were made at declinations -75° and -80°.

The

overlap in scans between -82° and -83° also allowed the
levels to be ”tied together” at that point.
At each hour of right ascension, check scans were made
at feed angles 0° and 90°.

These scans extended from -75°

through the pole to -85° on the ”other side”, i.e., the
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right ascension differing by 12*1 from that of the original
track.

These scans provided a well determined total

emission brightness temperature framework on which to plot
isophotes from the source survey scans.
d) Calibration:
i) Brightness Temperature Scale: The isophotes
presented are in units of full-beam brightness temperature,
which is equivalent to the aerial temperature which would be
observed if the aerial received all its energy from its full
beam and had zero response in all other directions.

In

order to establish a brightness temperature scale, observa
tions of point sources of known flux densities were carried
out.
The peak brightness temperature, T^(p), of the point
source, i.e. as smoothed by the beam, can be calculated for
a source of known flux density, S, from the relationship:

s - »„k

(22)

X
where

2

k « Boltzmann’s constant
X s* wavelength of observation
“ effective full-beam solid angle
of telescope at A
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The effective full-beam of the 210-Foot Telescope has
been determined by B.F. Cooper of the Radiophysics Laboratory
from observations of strong "point** sources and is found to
be essentially circular and have a half-power width of 481
of arc at 408 Mc/s.

The shape is Gaussian down to the

half-power point and somewhat narrower than Gaussian below
this point.

Integration of the beam contours down to a

level where the power response is only a few tenths of a
percent of the peak response gives an effective full beam
solid angle of 2.08 X 10*”4 steradian (compared to 2.20 X
10“4 steradian for a Gaussian response).
From equation (22) it is seen that a point source of
one flux unit (10~26 W m"*^cps*"^-) at 408 Mc/s would give an
increase in aerial temperature equivalent to 0.94°K Tfc> over
the full beam.

The following list gives the sources used

for calibration purposes in the survey, with their adopted
408 Mc/s flux densities.
Hydra A

135 X 10“26 W ra”^cps“^

0521-36

35

3C 444

28.5

0410-75

40

ii) Base Level Determination: Having derived the
scale for observed changes in brightness temperature, it is
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now necessary to determine the absolute level for observed
temperatures.

From Chapter Two we know the absolute bright

ness temperature of the SCP region as observed with the beam
response of the horn aerial.

To find the absolute level of

the higher resolution observations made with the 210-Foot
Telescope the following procedure is used:
a) Assign an arbitrary base level, A, to the isophotes
of the SCP region (scaled with the proper Tfc scale
derived above)•
b) Smooth the isophotes with the full-beam response of
the horn aerial to give a value of brightness
temperature, Tconv,
c) Determine the difference, ^

, between Tconv and

Tscp, the brightness temperature actually measured
with the horn aerial.
88 (^conv ~ TScp)
d) The base level for the isophotes is then seen to be:

Tbi*A -A
Although the above process is a simple one, there is
one experimental difficulty which is encountered.

The

brightness distribution of the SCP region has only been
surveyed to 15° from the pole, whereas the full—beam pattern
of the horn aerial extends out to 24°*

A study of the horn

beam response pattern shows that the response in the range
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15 <

G ^

24 is small, being from -10 to -17»5 db below the

peak response.

However, because of the large effective area

at these low response levels, the contribution from these
directions is 24 percent of the power received by the
full-beam.
From the above consideration it is apparent that the
general form of the brightness distribution from declination
-60° to -75° must be known.

For one quadrant of the region,

the survey of the Magellanic Clouds at 408 Mc/s by Mathewson
and Healey (1964) overlaps the present survey and can be
used.

For the rest of the area, the only complete survey

information available is a 30 Mc/s investigation carried out
recently by Mathewson (private communication).

The relative

scale of the 30 Mc/s survey is very good near the polar
regions as the survey was carried out by scanning in azimuth,
passing through the pole on each scan.

Since the 11° beam

of the 30 Mc/s survey is similar to that of the horn aerial,
the levels relative to the SCP can be taken directly.
In such a comparison as this, between 408 Mc/s and 30
Mc/s, we must take care to ensure that no absorption effects
are present in the low frequency observations.

Since the

region considered is at a medium galactic latitude
( b ü * -28°) absorption effects from H II regions might be
expected.

However, any departure from the expected -2.7

Figure 3-2:

Brightness distribution from
declination -60° to -75° as derived
from 30 Me/s observations of Mathewson
(private communication) and used in
calculation of brightness temperature
of the south celestial pole as
observed with the 210-Foot Reflector.
See section 3.2 (d ii).
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brightness temperature spectrum over the region would have
to be very widespread to appreciably affect the contribution
of the -60° to -75° declination region to the derived Tconv
at the pole.
Finding scans for a separate source survey (Chapter
Four) carried out in the -60° to -75° zone were available
for comparison of the brightness distribution.

These scans

were done at only one feed angle and under different condi
tions of gain and calibration as they had not been intended
for use in determination of the brightness distribution.
These, however, served to confirm the general form of the
30 Me/s results upon comparison.
The agreement of the general form of the two sets of
observations leads us to conclude that absorption effects
are not important in this region of the 30 Mc/s survey.
Figure 3-2 shows the estimated isophotes used in the smooth
ing process between declinations -60° and -75°*
Following steps (a) through (d) outlined above, the
mean brightness temperature of the south celestial pole
(declination -90°) as observed with the 481 beam of the
210-Foot Telescope is 23.1°K
atmospheric contribution.

.

This is corrected for the

Figure 3-3:

Total emission brightness distribution
at 408 Mc/s of the region of the
south celestial pole, from declination
-75o to -90°.

Units are °K Tb .

The

absolute level is obtained by adding
13.1°K to the given contour levels.
A cross on a source position indicates
a flux density greater than 20 X 10”26
m“2 cps“l at 408 Mc/s.
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traced from the boundary of the region through to declination
-90°.
The lowest levels in the region are located l*1 either
side of right ascension 06^30m and are noted in the declina
tion range -75° to -85°.

Temperatures in the area are

approximately 17°K.
Superimposed on the general brightness distribution
described above are discrete sources of various flux
densities.

At 1410 Me/s there are 135 catalogued sources in

the region (see Chapter Four) and their distribution is as
shown in figure 3-4*

It can be seen by a comparison of the

brightness distribution in the region, shown in figure 3-3 #
with the source distribution, that much of the low level
structure is influenced by the weak sources in the region.
However, there are some sources which do not appear to
affect the observed brightness distribution, perhaps indi
cating flattened spectra for the sources in question.
After considering the above sources of radiation, there
is still some residual structure, of the order of 1°K T5 ,
not coincident with any catalogued source positions.

Such

structure is considered characteristic of the disk component
in such a region.
There are several specific regions of note in the survey
area.

First, it is noted that five of the ten strongest
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sources found at 1410 Mc/s in the region appear to form a
small cluster in an area of only about 25 square degrees
near l6h ,-80°.

Two of these, 1547-79 and 1549-79» are not

resolved by the 48f beam of the 408 Mc/s survey.

With a

center separation of only about 30f of arc, these two
sources of nearly equal intensity are thought to be a phys
ical double.

Two other strong sources in the same area,

1607-77 and 1639-77 seem to lie at either end of a irregular
ridge of structure noted at 1410 Mc/s.

This ridge is not

bright in the 408 Mc/s distribution, indicating a thermal
spectrum and therefore probably galactic origin.

One of the

sources, 1610-77» certainly has a thermal spectrum and is
extended.
According to the polarization survey of Mathewson and
Milne (1965) the quadrant 19*1 - 0*1 - 0lh30m exhibits an
average polarization temperature of 2-3°K of polarization
temperature at 408 Mc/s.

There are also other isolated

points and smaller regions of polarized emission in this
area.

In general there does not appear to be any connection

between structure and polarized emission.

A possible excep

tion to this general rule is found in the case of the broad
ridge of emission along the 18*1 circle.

It appears to lie

along the edge of the region of high polarization, the
direction of the polarization being perpendicular to the
elongation of the ridge.
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ii) South Galactic Pole: This region is centered on
galactic latitude b ü = -90°, and is not expected to exhibit
the same amount of structure as regions at lower latitudes.
However, part of one large-scale feature is noted in this
region.

It is seen in the general increase of level in the

north-preceding quadrant of the isophotes (along 1ü

= 70°).

This increase is due to the ridge of emission which passes
just north of the region of the present survey.

This ridge

forms part of the Cetus Arc, investigated at more northerly
declinations at a frequency of 240 Mc/s by Large, Quigley
and Haslam (1962).

A number of regions of high polarization

temperature lie along the Cetus Arc, although none are noted
in the region of the present survey.
Values of polarization temperature of 2-3°K have been
measured at many points in the area.
Figure 3-6.

These are indicated in

The direction of the E-vector of the polarized

emission seems to be generally the same over the area of the
survey and shows no connection to the smaller scale struc
ture.

Isolated polarization measurements near discrete

sources sometimes appear slightly different in direction or
magnitude, but these effects could very easily be caused by
a spurious effect due to the presence of a source in the
beam of the telescope at the point of the measurement.

Figure 3-5:

Total emission brightness distribution in
the region around the south galactic pole.
Units are °K Tfc.

The absolute brightness

temperatures are obtained by adding 11.0°K
to the given contour levels.

Figure 3-6:

Discrete sources noted in the region of the
south galactic pole in the source survey of
Bolton, Gardner and Mackey (1964)*

Galaxies

brighter than 1 3 magnitude are indicated by
a small cross.

E-vectors of background

polarization measured by Mathewson and Milne
(1965) are indicated; the lengths are
proportional to the polarization temperatures.
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The structure of the rest of the region is governed
largely by the sources present, although from Figure 3-6 it
is seen that several sources in the region do not appear in
the catalogue of Bolton, Gardner and Mackey (1964).

This is

probably due to their relatively low flux densities.
Several bright galaxies lie in the region and are shown
in figure 3-6.

None of these appear to affect the bright

ness distribution except NGC 253> a well known radio source
(0045-25).
The lowest temperature observed in the region is near
01*1, -35° declination and is approximately 14°K.
iii) North Polar Spur: The north polar spur has been
studied by several groups (Hanbury Brown and Davis, 1960$
Haslam and Large, 1964; Pauliny-Toth, Baldwin and Shakeshaft,
1961).

Its approximate extent in galactic coordinates is

shown in figure 3-1*

It has been suggested that this spur

is a portion of a nearby supernova remnant.

Along with a

bright region, B, indicated on figure 3-l> forming part of
the loop, the structure has been postulated to pass through
the region of the discrete source, Centaurus A, to rejoin
the galactic plane.
The region of the present survey lies on the inside
edge of the spur as is indicated on figure 3-1*

The total

Figure 3-7

•

Total emission brightness distribution in
the region near the north polar spur.
are °K T^.

Units

The absolute level is obtained

by adding 23*1°K to the given contour levels.

Figure 3-8:

Discrete sources noted in the region of the
north polar spur survey by Day, Shimmins,
Ekers and Cole (private communication).
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emission isophotes, figure 3-7> show complex structure in
the region.

The area in the north-following quadrant of the

surveyed region is the brightest portion of the survey,
decreasing in brightness toward the south-preceding limit of
the region in general.

The most notable features in the

region are two bright ridge-like structures noted at approx
imately declination +9°> and +14°, each one extended approx
imately in right ascension.
From the polarization measurements of Brouw, Muller and
Tinbergen (1962) it appears that the elongated structure at
declination +14° extending from 15^30m to 15^40m and 15^50m
to l6^00m exhibits 1-2°K of polarization temperature.

The

direction of the E-vector of the polarization is perpendicu
lar to the direction of elongation of the ridges.

Other than

this, the polarization measured over the remainder of the
region does not seem to be associated directly with notable
features in the brightness distribution, with the exception
of an increase in polarization temperature in some regions
lying near portions of the north polar spur.
Comparison of figures 3-7 and 3-8 indicates that
several sources in the region were missed in the source
survey.

This is quite understandable in view of the complex

structure of the region, particularly the ridges.

Ridge-like

structure lying at right angles to the path of the survey
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scans make it very difficult to detect the presence of
sources which might lie on the ridges.

For example, there

is an obvious source on the ridge at 15^50m , +9° which has
been missed in source surveys.
c ) Errors:
i) Brightness Temperature Scale: The brightness
temperature scale is determined from observations of point
sources and application of equation (22).

From this equa

tion we see that errors can arise from uncertainties in
either S or

•

The flux densities of sources used for calibration
purposes come mostly from values given by Conway, Kellermann
and Long (1963) whose estimated error are between 5 and 15
percent.

The measurement of the sources as standards, once

a flux density has been adopted, can also give rise to an
error, due to noise on the records and confusion effects.
In the case of the calibration observations for the present
surveys, the calibration source was scanned four times,
once at both 0° and 90° feed angles, in both right ascension
and declination.

The error in such measurements is

estimated to be 2 to 3 percent, judging from internal con
sistency of repeated observations.
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It is estimated that the value for

0.

-

could be in

error by as much as 10 percent.
Considering the above sources of error as random, the
total error expected in the brightness temperature scale
should not exceed 15 percent.

This error will apply only

to the measurements relative to the base level.

The errors

in the determination of the absolute base level were
discussed in Chapter Two.
ii) Additional Sources of Error: In all cases where
scans were done at two feed angles, the expected mean
errors do not exceed 0.5°K in the relative brightness
temperatures shown.

However, some of the survey scans in

the SCP region were made at only one feed angle and there
will be errors in the measured brightness distribution
resulting from any polarized radiation in the region.
According to the measurements of Mathewson and Milne (1965)
measurable polarization is found in the declination zone
near the pole only in the quadrant of right ascension from
18*1 through 0*1 to 01^30m *

In some parts of this area,

polarization temperatures as great as 3»5°K are to be found,
while most of the values of polarization temperature lie
between 2° and 3°K.
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In the case of an alt-azimuth telescope mounting, the
parallactic angle changes with hour angle and the projected
position angle of a fixed feed on the sky will vary accord
ingly.

The SCP region was scanned at various hour angles

and with a fixed feed angle.

It is therefore assumed that

the angle between the feed E-vector and the E-vector of the
polarized component of the radiation was reasonably random
over the region of the survey.
In addition to this, only the regions in the declina
tion range -75° to -80° where some scan tracks are as much
as 3° away from an hour circle with well calibrated check
points, are errors due to partial polarization of the radia
tion likely to occur.

In regions of high polarization,

departures of up to 2°K from the mean level of emission
might be expected in extreme cases, but the mean error is
estimated to be only about 1°K T^.
Apparent errors in the brightness temperature at a
given point can also be due to an error in the placing of
the coordinate grid on the contours.

Errors due to this

source would be expected to be proportionally higher on
steep gradients, such as are found in the NPS region for
instance.

Expected errors in the position of the isophotes

are about 15f of arc, but could be as great as 30f of arc in
some places.

These errors are due mostly to incomplete

correction for the effects of time constant.

CHAPTER FOUR
SURVEY OF DISCRETE SOURCES
4.1

INTRODUCTION
In the present study of the background radiation, it is

of interest to examine the nature of the brightness which is
due to discrete sources.

It is presently accepted that

there are a very large number of discrete sources with flux
densities too low to be detected with present equipment and
techniques.

Although such sources are not resolved individ

ually, their integrated emission can be expected to make a
contribution to the observed background brightness tempera
ture •
Following a discussion of the instrumental limitations
relevant to source detection, the present chapter describes
a survey of sources carried out at 408 and 1410 Mc/s, and
with additional measurements at 2650 Mc/s.

Comparison of

the source flux density information obtained over this fre
quency range allows the determination of the average spectral
index of the observed sources.

For some low flux density

sources at 1410 Mc/s, comparison of the numbers of sources
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per steradian with results of a previous survey at 178 Mc/s
allows us to estimate the average spectral index for the low
flux density sources.

The importance of these results to

the determination of the integrated emission of discrete
sources is evaluated.
It is realized that any quantitative estimate of the
integrated emission of sources depends in part on the cosmo
logical model of our Universe which is adopted.

The present

chapter deals briefly with the problem in a discussion of
previous estimates of the magnitude of the component of
background brightness due to the integrated emission.
4*2

INSTRUMENTAL LIMITATIONS
In any survey of discrete radio sources, the number of

sources which can be detected is limited by various instru
mental factors.

Of primary importance are the angular

resolving power of the aerial beam and the sensitivity of
the receiver system used.
a) Sensitivity:
The sensitivity of the receiver system used with a
given aerial should be commensurate with the angular resolu
tion available at the chosen frequency of observation.

A

sensitivity higher than that complementary to the resolution

TABUE 4-1
r.m.s.
signal-to-noise
ratio

relative errors
(flux, size, position)

fraction of
misinterpretations

1

0.01

5

1.25

0.05

3

2

0.25

1

00

1.00

10

77
is of no assistance in the detection of fainter sources.

It

does, however, determine the length of observing time nec
essary to reach a given resolution limit.
Consideration of the signal-to-noise ratio resulting
from the receiver sensitivity is particularly important in
the extraction of weak sources from the general noise level
of the receiver output,

A common “rule-of-thumb** value

recommends a minimum r.m,s. signal-to-noise ratio of five
for reliable detection of a source.

Table 4*^1 gives inform

ation from a statistical study by von Hoerner (1961) of the
effect of the signal-to-noise ratio on the relative errors
and misinterpretations in observations of discrete sources.
The signal-to-noise ratio sets the limits on the accur
acy to which the flux density, position, and size of a given
source can be determined.

For accurate measurements of such

source parameters, scan rates much slower than those used in
exploratory or mapping survey investigations are used.

This

allows the use of a longer time-constant and correspondingly
increases the sensitivity of the system, since the minimum
detectable signal depends on the inverse square root of the
time-constant used.

However, an upper limit is placed on

the useful value of the time-constant (and therefore the
sensitivity) by the characteristic time scale of long period
gain variations or other instabilities in the receiver system.
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b ) Resolution:
For a given angular resolution, a limit is reached
where increased receiver sensitivity only allows a higher
degree of accuracy to be achieved in measuring the varia
tions of the background or base level.

This is of little

assistance in determining whether or not a given output
deflection, which is of the same order as the background
variations, should be designated a source, and if so, what
flux density should be assigned to it.

This limit is called

the confusion limit for the aerial considered, at the given
frequency.

In order to establish observationally the exist

ence of weaker discrete sources and determine their flux
densities, a higher angular resolution is required.

For a

given telescope, this requires the use of a higher observing
frequency.
In early surveys of sources, the importance of confusion
effects were greatly underestimated.

Its importance became

apparent when subsequent surveys with higher resolution
showed the spurious effects in earlier observations.

For

instance, the survey of Mills and Slee (1957) showed almost
complete discordance with the earlier observations of
Shakeshaft, Ryle, Baldwin, Elsmore and Thomson (1955) at
nearly the same frequency.

The disagreement was attributed

largely to the confusion effects in the earlier, lower reso
lution observations.

Figure 4-1:

Log N-Log S plot showing the difference
in N for values of S, for straight lines
of slope -1.5 and -2.0, both passing
thr ough N j ,

•

Steradian
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It is apparent that the confusion limit of an aerial
system at a given frequency will depend on the distribution
in luminosity and space of discrete radio sources.

This is

seen in the Log N-Log S plot derived from the observed
numbers of sources in given flux density intervals.

The

slope of this relationship, in fact, determines the level at
which confusion effects become apparent.

This is shown in

the following example:
Consider two straight lines with slopes -1,5 and -2.0
passing through the point (N^, Sj.) on the Log N-Log S plot
given in figure 4-1*

At some lower value of S, say S^/4, we

see that there is a factor of nearly two difference between
the values of N given by the two lines of different slope.
Since the confusion limit for a telescope at a given fre
quency is determined by N, it is seen that the flux density
at which confusion effects would become apparent is differ
ent in the two cases.

For the steeper slope, -2.0, the con

fusion effects set in at a higher flux density level.
c) Conclusions:
From the preceding discussion, the following conclusions
are found to be applicable to source survey investigations:
1) For finding surveys it is desirable to have as
high a sensitivity as possible, even if the
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aerial system is confusion limited, in order to
allow more rapid coverage of the survey area with
minimum possibility of misinterpretation.
2) For accurate measurements of source flux density,
position, and size: when the system is sensitivity
limited, an r.m.s. signal-to-noise ratio of at
least five is advisable; when the system is reso
lution limited, a deflection of five times the
r.m.s. variations of the background structure is
desirable.
4 .3

PRESENT SOURCE SURVEY

The present source survey covers a region of approxi
mately 0.8 steradians, centered on the south celestial pole.
A description of the observations and discussion of the
results is contained in this section, while the catalogue
of 247 discrete sources in the region is contained in
Appendix I.
The observations were carried out in collaboration with
D.K. Milne of the Radiophysics Laboratory.

I am also indebt

ed to him for his assistance in the subsequent reductions of
the source position and flux density measurements.

a) Equipment:
The aerial system used for the source survey was the
Parkes 210-Foot Reflector, described previously.

The feed

used for the 408 and 1410 Mc/s observations was a dual double
dipole system, while at 2650 Mc/s a waveguide horn feed was
used.
At 408 Mc/s a conventional crystal-mixer switched
radiometer was used (Mackey, I964).

This receiver accepts

both sidebands of 10 Mc/s and with an output time-constant
of two seconds, the peak-to-peak noise is 0.5°K of aerial
temperature, corresponding to a flux level of 0.8 x 10“^

W

m -2* cps -1 •
A receiver system with a parametric R.F. preamplifier
was used at 1410 Mc/s (Gardner and Milne, 1963).

The sen

sitivity of the system (system temperature of 105°K) allowed
sources down to the level of 0.3 x 10”^
detected with reliability.

W m“^ cps"'*’ to be

With a 10 Mc/s bandwidth and the

output time-constant of one second used in the finding survey
the peak-to-peak noise was 0.2°K of aerial temperature.
The receiver used for further measurements at 2650 Mc/s
is a degenerate parametric switched receiver (Cooper,
Cousins and Grüner, 1964) with an overall system temperature
of approximately 150°K and an I.F. bandwidth of 40 Mc/s.
Peak-to-peak output fluctuations are about 0.15°K of aerial

Figure 4-2:

The region of the sky between -60° and
-90° which was omitted in the present
source survey is hatched.

(Information

on sources in the area of the Magellanic
Clouds was subsequently provided by D.S.
Mathewson and is included in the Catalogue.)

1
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temperature, corresponding to about 0,3 x 10 — 26 W m —2 cps 1 ,
with a two second time-constant.
b) Region of the Survey:
The region of the survey was divided into two zones for
the purpose of observations, declinations -60° to -75°> and
declinations -75° to -90°.

The area containing the Magellanic

Clouds and the regions near the galactic plane were omitted
from the survey since it was intended primarily for the de
tection of extragalactic sources.

The regions omitted from

the survey are shown in figure 4-2.

(Sources in the region

of the Magellanic Clouds were subsequently surveyed by D.S.
Mathewson of the Radiophysics Laboratory and are included in
the Catalogue for the sake of completeness.)
i) Declinations -60° to -75°:

The initial finding

survey in this zone was carried out at 408 Mc/s with a beamwidth of 48f of arc.

With this beamwidth and a telescope

scan rate of 2.5 degrees per minute, the time for the beam
to traverse a given point was 20 seconds, 10 times the out
put time-constant of 2 seconds.

At this frequency, the

system was limited by confusion due to the angular resolu
tion of the telescope rather than being sensitivity limited.
The observations were made by scanning the region in
declination at intervals of 4m of right ascension.

The
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tracks of the scans were 30f of arc apart at -60° declina
tion, converging to 15.5T at -75° declination.

In this zone,

the criteria for selection of sources for further study were
that they should have an aerial temperature greater than
about 2°K at 408 Mc/s (corresponding to approximately 3 x
m m ")

10"

_ O

W m"

cps

"I

) and not noticeably broaden the 48’ of arc

beam of the telescope.

The latter requirement was relaxed

when examination of several adjacent scans indicated that the
deflection on the records was likely to be due to an unre
solved double source rather than structure in the background
radiation,
ii) Declinations -75° to -90°:

In this circumpolar

zone, the finding survey was carried out using both the 408
Mc/s and 1410 Mc/s receivers, a dual feed system allowing
simultaneous operation at the two frequencies.

The observa

tions were designed to provide complete coverage at 1410
Mc/s and the additional information obtained at 408 Mc/s was
used in the determination of the flux densities of the
sources at that frequency and for the study of the general
structure of the background radiation in the region as dis
cussed in Chapter Three,
The beam of the telescope at 1410 Mc/s is 14* of arc,
and the drive rate used in the survey was approximately 2
degrees per minute.

With this drive rate, the time to
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traverse a given point was 7 seconds, or 7 times the one
second output time-constant used.

This portion of the survey

was sensitivity limited; however, a source of 0.15°K (0.2 x
10~2^ W m~2 cps"^) was detected if the beam passed directly
over it.

This limit for detection increased to approximately

0.25°K for a source lying between two scans at their maximum
separation of 11,6f of arc at declination -75°*
The observations were made by scanning the region in
declination at fixed values of right ascension.

Because of

the rapid convergence of the hour circles on the celestial
sphere in this region of the sky, scans were made from -75°
to -83° declination at intervals of 3m of right ascension,
and from -82° to -87° 30* declination at intervals of 6m of
right ascension.

(The one degree declination overlap was

allowed to provide continuity of base level for the 408 Mc/s
observations.)

A number of scans continuing from declina

tion -75° to the pole also provided a check of this base
level, in addition to additional information on sources at
1410 Mc/s in the region within a few degrees of the pole.
To ensure that all detectable sources had been observed at
1410 Mc/s, the region from -87° 30* to the pole was surveyed
in alt-azimuth coordinates by scanning in azimuth at 10f
intervals of zenith angle.
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All sources appearing greater than approximately 0.2°K
of aerial temperature were selected from the survey scans
for further investigation.

From Table 4-1 we see that for

an r.m.s. signal-to-noise ratio of 3 we should expect an error
of - Ti in observing a source giving an expected aerial
temperature of Tj_.

Thus at a level of 0.2°K, about one-

fourth of the "sources" noted on the survey scans were
expected to be due to spurious fluctuations of the noise on
the receiver output.

In fact, when slower scans for accurate

position measurements were made, some 35 percent of the
"sources** noted in the finding survey at 1410 Mc/s were
found to be too weak for accurate measurements ( < 0.4 x
10“26 ^ m-2 CpS*“l)j attributed to background structure, or
not located.

These were omitted from the survey Catalogue.

Although the finding survey at 1410 Mc/s gave numerous
misinterpretations due to noise fluctuations, the survey in
this region is believed to be complete down to a flux dens
ity of 0.5 x 10“26 ^ m-2 cpg-1.
c ) Measurements at 1410 Mc/s;
All sources selected from the finding surveys were
observed at 1410 Mc/s for accurate position, size and flux
density.

The observational technique was as follows;
1) The telescope was set on the declination of the
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source as estimated from the finding survey, and approximate
ly 301 of arc away from the estimated right ascension of the
source.

Right ascension scans were than made in both direc

tions through the estimated source position at a rate of 30f
of arc per minute (2m/ minute) (sec
-78° where sec S

& ).

Beyond declination

= 5> the telescope drive rate limit of 10m

of right ascension per minute progressively lowered the
actual scan rate across the sky as the pole was approached.
2) From scans in (l) an improved value of right
ascension was obtained and declination scans at 30* of arc
per minute were made in both directions across the source
position.
3) If the value of declination obtained in (2)
differed by more than 5 f of arc from the declination of the
original scans in (1), additional scans in right ascension
were made at the improved declination position.
d) Measurements at 2650 Mc/s:
All sources stronger than 1.5 x 10“^6 w m-*2 CpS“l
1410 Mc/s were observed at 2650 Mc/s.

At this frequency the

telescope beam is 7*5f of arc and shows measurable broaden
ing for sources greater than about 2.5 f of arc in diameter.
Observational techniques were the same as those used at
1410 Mc/s (except that the improved positions derived from

TABLE 4 - 2 : ADOPTED STANDARD SOURCE FLUX DEN SITIES
S ource

F lu x D e n s ity
(u n its
408 M c / s

o f 1 0 “ 26 W

m*”2 c p s ” 1 )

1 4 1 0 M c /s

2650 M c/s*

3C 33

32

1 3 .4

3C 273

60

3 9 .8

34

3C 353

124

6 0 .0

32

H ydra A

135

4 3 .5

23

H ere A

152

4 8 .5

25

40

1 3 .5

0 4 1 0 - 75*

*

flu x d e n s itie s

d e riv e d

f r o m CKL d a t a

£

su b -sta n d a rd e s ta b lis h e d

7 .6

7 .5

a t h ig h e r frequency

fro m o b s e r v a t i o n s

o f CKL s o u r c e s
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the 1410 Mc/s observations were used) and served as an inde
pendent check on the positions recorded in the Catalogue.
Scan rates were reduced to 15* of arc per minute, because of
the narrower beam, to allow more precise determination of
flux density and source size.
e ) Flux Density Scales:
The flux density scales used were adopted from the
measurements of Bolton, Gardner and Mackey (1964, hereafter
referred to as BGM) which were based on an average of select
ed sources for which values of flux density have been given
by Conway, Kellermann and Long (1963, hereafter referred to
as CKL).
The sources used as reference standards for the present
survey, and their CKL flux densities are given in Table 4-2.
In addition to these sources, one sub-standard, 0410-75, was
established in the region of the survey.
densities are also given in Table 4-2.

Its adopted flux
At a declination of

-75° this source was available over a wide range of hour
angles for the Parkes telescope thus reducing the need for
a number of sub-standards.
During most nights of observation, one or more of the
standard sources were observed in order to establish the
calibration factor for the system for that observing session.
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In addition, the sub-standard was also observed at intervals
during the night when it was available to check that the
gain of the system remained constant.
This calibration procedure was necessary to take account
of slight differences in overall sensitivity due to the use
of different aerial feeds and connecting cables in different
observing periods.
In all cases, the calibration source intensities were
compared to an injected signal from an argon discharge noise
tube which was connected to the signal arm of the receiver
through a directional coupler.

This noise tube signal was

then used as a calibration reference between observations of
standard sources.
In cases when a standard source was not observed during
a particular night, a mean value of calibration from the
observations of standard sources during the previous and
following nights was used.

In any one observing period, the

same feeds and cables were used and the errors due to slight
changes in receiver gain or feed characteristics are not
expected to amount to more than a few percent.
f) Flux Density Scale Errors:
In assessing the accuracy of the flux density values
obtained there are two types of error which have to be con
sidered, proportional errors, and fixed errors.
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i) Proportional Errors:

The magnitude of the propor

tional errors, as their name suggests, is proportional to the
flux density of the source.

These errors can arise from any

one of the following causes:
1) errors of source measurement relative to the
adopted flux density scale,
2) variations in the injected calibration signal,
3) partial resolution of the source without
measurably broadening the telescope beam, and

4 ) partial polarization of the source radiation.
With regard to (l), the accuracy in the comparison of
the flux density of a source to that of a standard source is
limited by the gain stability of the receiver system.

From

successive observations of the same standard sources, it is
estimated that such gain changes should not contribute more
than three percent uncertainty to the final flux density
measured.
Errors due to (2) could not be distinguished from those
of (l) in the present measurements.

However it has been

shown that the power output from argon discharge noise tubes
used to generate the injected calibration signal is very
stable over long periods of time (Hughes, 1956).

Expected

changes in the power output due to small changes in the
current through the tube would be much smaller than one percent.
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Partial resolution of a source (3) would result in the
flux density given being a lower limit only.

For the 7.51 of

arc beam at 2650 Mc/s, a source with an angular diameter of
3 1 of arc or greater would noticeably broaden the beam and a
correction could be made to the derived flux density.

For

sources less than 3 f of arc, the broadening could not be
dependably measured and the following errors in flux density
would result.
angular diameter
of source____

percent error at given frequency
2650_________ 1410_______ 408 Mc/s

1»

2

-

2»

7

2

3»

16

5

Studies of extragalactic sources have indicated that
not more than 15 percent have angular diameters in the range
2.5f to 3-5f of arc (Leslie, 1961).

On this basis, the

resulting mean error expected in measured flux densities is
two percent at 2650 Mc/s and less than one percent at 1410
Mc/s.
Polarized radiation from a source can cause additional
error (4) in the determination of the flux density, as the
sources were observed at only one feed angle.

Measurable

linear polarization is observed in approximately 30 percent
of the sample of discrete extragalactic sources observed by
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Gardner and Davies (1965).

For these sources, polarization

seldom exceeds 10 percent at decimeter wavelengths and is
mostly in the range one to five percent.

In the present

measurements, the orientation of the feed angle of the tele
scope relative to the position angle of the polarized radia
tion from the sources is considered as being random and the
resulting flux density errors are not expected to exceed one
to two percent,
(Stronger sources in the Catalogue were examined for
polarization by Gardner and Davies and their findings are
indicated in the ‘’remarks" column of the Catalogue where
applicable,)
ii) Fixed Errors:

Fixed errors are due to noise

contributions from the receiver and confusion effects due
to the telescope resolution.

At 408 Mc/s in the present

measurements, confusion effects predominate, while at 1410
and 2650 Mc/s receiver noise contributions become important
and confusion can be neglected.
At 408 Mc/s the peak-to-peak background variations
noted on the scans are slightly greater than an output de
flection corresponding to 1 x 10“26 y m-2 Cps“l.

This

figure is taken as being the expected uncertainty in the
determination of the flux density due to fixed errors.
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In the determination of the flux density of sources at
1410 Mc/s and 2650 Mc/s, four scans were used and the
expected uncertainty due to the receiver noise on the record
should not exceed one-half the peak-to-peak noise.
corresponds to about 0.15 x lO“2^ W m“2 cps“1 .

This

Although

confusion effects are negligible it is noted that the
receivers used were capable of reaching the confusion limit
if used with a somewhat longer output time-constant than
that employed in the present measurements.

This indicates

that the low level flux density errors could not have been
appreciably reduced.
iii) Total Expected Errors:

Considering the above

sources of error, the r.m.s. errors to be expected in the
catalogued values of flux density are given in Table 4-3*
g) Position Measurements:
In each scan, the source position was determined from
the relative position of the axis of symmetry of the observed
source profile and position markers from the indicator
system of the telescope which were placed on the record
automatically.

The mean of the values measured on the two

scans in each coordinate gave the "indicated" position of
the source.

The positions could be read from the records

with an accuracy of better than 0.1f of arc in both
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coordinates.

By using the mean of the positions obtained by

scanning in opposite directions, the effect of the receiver
time-constant on the apparent source position was removed.
The final accuracy to which the position of the sources
can be determined depends on knowledge of corrections to be
applied to the "indicated** telescope positions.

Such correc

tions are generally derived from observations of identified
sources, i.e. sources identified with optical objects for
which the positions can be accurately measured on photograph
ic plates.

However, in the region examined in this survey,

paucity of previous optical identifications prevented a
thorough investigation of the pointing errors of the tele
scope •
During the period in which this survey was in progress,
the pointing calibration of the telescope was studied by
J.A. Roberts of the Radiophysics Laboratory and I am indebted
to him for the results of that investigation.

Although the

calibration observations, of necessity, were carried out
mostly north of the zenith, some of the effects, particularly
those involving the zenith angle calibration, could be
removed from the present observations.

For a complete dis

cussion of possible telescope pointing errors and their cor
rection, see BGM.
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In the declination zone -60° to -75° all sources were
corrected for pointing errors.

The mean value of the correc

tions applied was 0.5* of arc in each coordinate.

From the

internal consistency of measurements of the same sources and
in a few cases on suggested optical identifications in the
region, it is estimated that 90 per cent of the positions
given are within 1.5T of arc.

This corresponds to an r.m.s.

error of 0.9* of arc in catalogued positions.
In the declination zone -75°
corrections were not available.

to -90° detailed position
The r.m.s. error in this

zone is estimated to be 1.3* of arc.
h) Optical Identifications:
Positions of all the sources in the catalogue have been
compared with those of NGC and IC objects and the objects
listed by de Vaucouleurs (1956).

In the case of four

sources, approximate positional agreement has been noted and
these are considered as possible identifications.

Further

optical study of these objects has not been undertaken and
they are considered as identifications on the strength of
positional agreement only.
Positions of an additional 13 strong sources from the
survey region were observed with the Mount Stromlo 74 inch
reflector (Westerlund and Smith - in preparation) and were
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classified according to the field in the error rectangle of
the radio position using the notation of Harris and Roberts
(I960).

Six sources with either Class I or II fields are

considered probable identifications.

These suggested iden

tifications are also based principally on the strength of
positional agreement, although for these sources, in all
cases the object was a brighter member of a ccluster of
galaxies.

Optical information for the suggested identifica

tions is given in Table 4-4*

The classification of the

types and magnitudes of the identifications are tentative.
i) Spectra of Sources: Assuming that there is no
change in the spectrum of the radiation with distance and
that most sources have essentially power law spectra over
the frequency range in which their red-shift takes place, the
spectrum of the component of background radiation due to
extragalactic sources which lie below the limit of detect
ability in present surveys will be the mean of the spectral
indices of all of the sources within the beam of the aerial
in the observed region.

It is, therefore, of considerable

interest to study the spectra of discrete sources, particu
larly the low flux density sources, in order to determine
the mean spectral index of the sample and to look for corre
lation of spectral index with other source characteristics.
Spectral index, for the present purpose is defined by

Figure 4-3 •

Histograms of the distribution of flux
density spectral indices in the three
frequency ranges, a) 408-85 Mc/s,
b) 1410-408 Mc/s, and c) 2650-1410 Mc/s*
The respective median values of spectral
index noted are:

a)

0,82

b)

0.88

c)

0.97

INDEX
SPECTRAL
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, where °( is the spectral index.

This definition

is chosen in order to avoid the continuous use of a minus
sign with each spectral index, as would be the case for a
normal non-thermal spectrum.
From the present survey, spectra in the frequency range
408 - 2650 Mc/s are available for 120 sources.

In 47 of

these cases flux densities at 85 Mc/s are also available
from the catalogue of Mills, Slee and Hill (1961, hereafter
referred to as MSH).

The spectral indices for the sources

are not given as an average value over the frequency range,
but the value for each observational interval of frequency
is calculated.

This allows the spectra to be examined for

deviations from a power law.

Figure 4-3 shows the distribu

tion of spectral indices as derived for the sources in the
three frequency intervals, 85 - 408, 408 - 1410, and 1410 2650 Mc/s.
The number of sources for which any spectral index
could be derived was less than half the total number of
sources in the catalogue.

This was due to several factors:

1) 85 Mc/s flux densities are available for only
47 sources in the region of the survey.
2) Many of the sources have flux densities between
0.5 and 1 x 10“26 W m”2 cps“^ at 1410 Mc/s.
These sources are too weak for accurate
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measurement at 2650 Mc/s (unless they have
unusually flat spectra) and are likely to be
confused at 408 Mc/s,
Previous investigators have noted an increase in the
median spectral index with frequency.

Figure 4-3 shows that

in the present survey, spectra over the frequency range
1410 - 2650 Mc/s are appreciably steeper than at lower fre
quencies.

The median spectral index for this range is 0.97>

whereas for the 408 - 1410 Mc/s range it is 0.88, and for
the 85 - 408 Mc/s range it is 0.82.

However it must be noted

that the sample in the two extreme ranges is rather small.
Investigations by CKL led to the suggestion that the
majority of spectra can be approximated by a power law in
the decimeter wavelength range.
exhibit curvature.

However, some spectra

Such curvature has been defined in the

following manner:
1) Negative: spectral index decreases with increas
ing frequency
2) Positive: spectral index increases with increas
ing frequency
3) Positive with a flux density maximum in the
observed frequency range.
Examples of curved spectra taken from the present survey are
shown in figure 4-4*

The most interesting of the spectra

Figure 4-4:

Samples of curved spectra
Negative

0210-62.

Positive

0410-75

Positive with maximum in observed
range of frequencies

1934-63

-

100

Flux Density

CIO

0410-75

1934-63

0210-62 \

Frequency (Mc/s)
Figure

4-4

Figure 4-5:

The differences between the positions
of sources given by MSH, and the
positions of the same sources as
measured at 1410 Mc/s in the present
survey.

Eight sources lie outside the

boundaries of the diagram.

AS

Figure 4 - 5
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observed is that of the source 1934-63 which has a marked
maximum of flux density at about 500 Mc/s and drops off
sharply on either side of this frequency.

It seems to fall

in the general class of objects like CTA 21, CTA 102,
0023-26, 0704-23, 0252-71, and 0408-65.

The spectrum of

1934-63 has been studied in detail by other investigators
(Bolton, Gardner and Mackey, 1963 ; Kellerman, Private com
munication) .
j ) MSH Sources in the Survey Region:
The survey of sources at 85 Mc/s by Mills, Slee and
Hill (1961) extends as far south as declination -80°.

How

ever, in the zone which overlaps the present survey, -60° to
-80°, the north-south resolution of the Mill’s cross is
appreciably poorer than at smaller zenith angles.
The MSH catalogue reports 77 sources in the area common
to the two surveys, nine of which are listed as uncertain,
possibly due to background variations or side—lobe effects.
The present survey lists 40 sources considered identical
with those in MSH, and another seven which are possibly
identical but which may be questioned on the basis of poor
positional agreement.
Figure 4-5 shows the differences between the MSH source
positions and the sources positions obtained in the present
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survey.

The median difference is 12f of arc (6.7* of arc in

right ascension, and 9*8f of arc in declination).

On the

average MSH positions tend to have a right ascension which
is smaller by 3 ’ of arc, and a declination more northerly by
3* of arc, than the positions determined in the present
survey.
Searches were undertaken in the region of 15 of the
remaining 30 MSH sources and in an area of one degree square
centered on the MSH position; these showed nothing greater
than the level set for the finding survey at 408 Mc/s
(approximately 2°K aerial temperature, several times the
confusion level).
then as

The reported MSH sources may be regarded

1) misinterpretations of 85 Mc/s observations,

2) due to background structure, or 3) having peculiar
spectra.
With regard to (2) above, irregularities or structure
in the background radiation at 408 Mc/s was noted near the
positions of three MSH sources.
07-61
15- 71

16- 61
Weak sources (less than 1 x 10“2^ W m“2 cps”^ at 1410
Mc/s) were noted within 15f of arc of the positions of five
additional MSH sources.
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02-61
02-62

21- 6^
22-61

23-61
The region of 17-6jL is a complex of extended weak
sources at 1410 Mc/s*

From the investigations by Milne and

Scheuer (1963) of sources which appeared ^extended” in the
Survey of MSH, some such sources are found to be aggrega
tions of weak sources, unresolved with the 50* of arc beam
of that survey*

This clustering of weak sources has been

considered by Scheuer (1964) and found not to be statistical
ly significant, especially in view of the known clustering
of galaxies and the association of radio sources with
clusters of galaxies (Pilkington, 1964),

Therefore it is

not surprising to find such a region corresponding to a MSH
source position*
4.4

DISCUSSION OF RESULTS
a) Source Counts:
The present catalogue should be substantially complete

south of declination -75° for sources with flux densities
greater than 0*5 x 10“26 w m~2 cps~l at 1410 Mc/s and we
shall consider the 136 sources listed in this 0.27 steradians*

Figure 4-6:

Log N-Log S relationship for the 136
sources in the declination zone -75°to
-90°.

The straight line shown has a

slope of -1.7*

Error bars in the ordinate

indicate statistical uncertainty, while
error bars along the abscissa are
expected r.m.s, flux density errors.

i-IOOO

-1 0 0

Number

per

Ste radian

slope - 1 . 7

Flux

Density

( X 10 26W m2 cps~!) at
Fi g u r e 4 - 6

1410

M c/s
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The limited number of sources available makes it difficult
to formulate precise conclusions about the (number count)(flu* density) distribution, but it is possible to see
whether our observed distribution differs significantly from
those obtained in previous work, much of which has been done
at lower frequencies.

Figure 4-6 shows the observed sources

plotted in the conventional manner of a (Log N-Log S) dis
tribution, in which N is the number of sources observed with
flux density greater than S.
When allowance is made for the statistical uncertainty
due to the small number of sources with flux density greater
than 2 x 1 0 “ 26 W m“*^ cps“**-, and for expected errors in the
flux density determination of the weaker sources, it is
found that the distribution can be fitted by a straight line
which has a slope of -1.7 - 0.3 (figure 4-6).

This slope

agrees essentially with the measurements of BGM (to 1.5 x
1 0 ~ 2 6 ^ m-2 CpS-l at 1 4 1 0 Mc/s) and of Scott and Ryle (1961)

(to 2 x 1 0 “ 26

w m-2 Cps-1 at 178 Mc/s) which both yield a

slope of -1.8.

The slightly smaller value of the present

results might be due in part to the cluster of strong
sources noted in the region and discussed earlier in section
3.3 (b.i).

The present slope of -1.7 appears to be maintain

ed down to the flux density values of 0 . 5 x 1 0 ~ 2 6 w m “ 2 cps“l
at 1410 Mc/s where the survey limit is reached.
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In the case of a Static Euclidean Universe, the expected
slope of the (Log N-Log S) relationship is -1.5•

A steeper

slope has been interpreted by Cambridge investigators as
indicating an apparent increase in spatial density of radio
sources with distance.

Further implications as to the mean

ing of the steeper slope, and its relevance to various
cosmological models, has been discussed by numerous authors
and is byond the scope of the present discussion.
b) Integrated Emission:
The expected background brightness due to discrete
extragalactic sources at 178 Mc/s has been derived by
Turtle, Pugh, Kenderdine and Pauliny-Toth (1962) by com
parison of the minimum temperatures observed at 26, 38, 178
and 404 Mc/s.

The most probable mean brightness temperature

spectral index over the frequency interval examined was
found to be -2.8.

The background contribution

at 178 Mc/s

was found to lie in the range 10° to 80°K with a most
probable value of 28°K.

This corresponds to approximately

2.5°K at 408 Mc/s, and is the best estimate of the background
brightness due to discrete extragalactic sources presently
available.
The sources observable to the limit of the present
survey already account for a brightness temperature of 0.3°K
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at 408 Mc/s.

If the noted slope continues unchanged to a

value of N one hundred times greater than that reached in
the present survey, the expected contribution to the back
ground brightness reaches approximately 2°K.

The minimum

temperature observed in the southern sky is 10.7°K, a con
siderable portion of which is likely to have its origin in
local regions of the disk of the Galacy (see Chapter Five).
Therefore, it is obvious that this slope cannot continue to
flux density levels much lower than those observed at present
or the integrated emission of these sources would exceed
the observed sky brightness.
The present observations do not indicate any "turning
over” of the number count-flux density relationship.

How

ever, observations by Ryle and Neville (1962) of sources
down to 0.25 x 10“26

m"2 cps*"-^ at 178 Mc/s indicate that

the (Log N-Log S) relationship starts to flatten at a value
of N of approximately 2 x 103 sources per steradian, a
figure only three times greater than that achieved in the
present survey.

The integrated emission expected from the

numbers and flux densities of sources corresponding to those
observed by Ryle and Neville is approximately 0.9°K at 408
Mc/s.
A slope of -1.7 to -1.8 would have to be maintained down
to N =* 7 x 104 if it were truncated at that point.
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Alternately a slope of -1.5, from the limit of the present
observations (N =* 600) to N = 105 would provide the estimated
background contribution from extragalactic sources.

This

would reach flux densities only about three times lower than
those observed by Ryle and Neville, thus lying at less than
two times the distance of sources presently observed.
Of course, such artificial cases as presented, i.e.,
abrupt termination of N, are not likely to occur, particular
ly in view of the probable dispersion in the lunimosity
function of radio sources and possible cosmological effects.
The decrease in slope will probably set in at a slightly
lower level than that of a cut-off in N , and take place
slowly.
c ) Spectra of Low Flux Density Sources:
One method of obtaining the mean spectral index of a
large number of faint sources is by comparison of the flux
density level for a given N at different frequencies.

A

value of N - 600 is reached both in the present source
survey (figure 4-6) and the observations at 178 Mc/s by
Scott and Ryle (1961).

Using the values of S corresponding

to N = 600 at each of these frequencies, the mean spectral
index of the sources over the frequency interval can be
calculated
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On the basis of the present observations, at N a 600
the flux density at 1410 Mc/s is 0.5 x 10“26 w m“2 cps~l.
At 178 Mc/s, the corresponding flux density is 2 x 10”26 ^
m

—2

cps

—1

•

These values of S indicate an approximate mean

spectral index of 0.7 over the frequency range 178 Mc/s to
1410 Mc/s and to the noted flux density levels.
This value of spectral index is less than the value of
O .76 derived by Kellermann (1964) over the same frequency
range.

It is substantially lower than the mean value of

0.79 over the range 85-1410 Mc/s found by BGM, and O .85 in
the present survey.
In dealing with low flux density sources in each case,
the expected errors are high.

In the present survey, the

errors most likely to affect the value of S at the given N
are due to receiver noise.

Random noise tends to magnify

more weak sources to the level of detectability than it
masks stronger sources to a level below the observable limit.
This effect is also aided by the relatively larger numbers
of weak sources.

Therefore it is expected that the present

S observed for N * 600 is somewhat larger than the true
value.

This effect would tend to reduce the derived value

of mean spectral index.
The 178 Mc/s flux densities have been estimated by
Kellermann (1964) to be approximately 16 percent low.

When
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corrected for this systematic error, the mean spectral index
becomes steeper.
Considering the effects of errors in the two surveys
used, the corrected mean spectral index will lie somewhat
closer to the value obtained for stronger discrete sources.
For stronger sources (greater than 14 x 10“26 W m“2
cps”^ at 178 Mc/s), Kellermann (1964) has found no signifi
cant dependence of spectral index on source flux density.
However, it must be remembered that we are dealing with
sources of mean flux densities at least five times lower
than those used by Kellermann and the noted flattening
could be a real effect.
One explanation of flattening of the mean spectral
index could be sources with curved spectra.

CKL report that

approximately 10 percent of observed sources show curvature
below 1410 Mc/s, i.e. spectral index decreasing with flux
density.

The presence of such proportions of these sources

could explain the observed flattening.

CHAPTER FIVE
LARGE SCALE STRUCTURE OF THE GALAXY
5.1

GENERAL
Superimposed upon the background contribution from

discrete extragalactic sources is structure due to emission
from a number of regions assumed to lie within the confines
of the Galaxy.

The descriptions of the regions surveyed in

Chapter Three has indicated structure varying in size from
approximately one degree to features of the order of tens
of degrees.

Large scale structure such as the Cetus Arc and

the north polar spur are also known to exist.

We will now

examine the larger scale distributions of the observed
brightness temperature over the sky and suggest possible
sources of origin of the radiation.
5.2

OBSERVATIONS
Forty regions covering a wide range of galactic latitude

and longitude were examined with the 48* of arc beam of the
210-Foot Reflector at 408 Mc/s.

In each region of interest,

scans spaced at 30* of arc were carried out over an area of
107
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approximately 25 square degrees*

The scans were made at

both 0° and 90° feed angle to take into account any polarized
emission in the regions*
The absolute base level of each region was obtained by
transfer of the known absolute brightness temperature at the
south celestial pole, as determined in Chapter Two and
Chapter Three, section 3*2 (d*ii)*

In order to eliminate

possible zenith angle effects on the base level, the trans
fers were carried out when the regions of interest were at
the same zenith angle as the pole.

(Measurements were also

found to be slightly sensitive to aximuth in some directions,
and the error from this source might be as high as 1°K in
the relative determinations.)
Knowing the base level, the characteristic background
temperature for each region was established in the following
ways:
i) In regions of galactic latitude greater than 30°>
the minimum brightness temperature observed was taken
as the base temperature of the region.

Features of the

order of degrees of arc in extent superimposed upon the
minimum base levels in these regions probably represent
mostly local structure, i.e. within a few hundred par
secs.

The remaining base temperature is then thought

to be representative of the integrated wide scale
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distribution of individual features in the particular
direction, and of course, a component due to the
integrated emission of discrete extragalactic sources,
ii) At lower latitudes the rate of change of the line
of sight distance through the disk is very rapid and
most of the observed radiation comes from regions at
distances greater than a few hundred parsecs.

There

fore the average brightness temperature of the region,
disregarding obvious; discrete sources and small scale
structure, was taken as being representative of the
region*
More than one-third of the regions selected for this
study were near l-*--'- « 0° and 180° over the range of southern
galactic latitudes*

This allows examination of the varia

tion of the characteristic temperatures of regions in the
direction of the center of the Galaxy, the south galactic
pole, and the anti-center.
A series of regions at b ü

=* +60° and +45° over a range

of longitude were also examined for comparison with the
results of the survey of Seeger, Stumpers and van Hurck
(1959) in the same regions.

Finally, the regions of minimum

brightness in the southern sky were measured.
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5.3

COMPARISON SURVEY
The best survey to date for comparison with the present

observations is that carried out by Seeger, Stumpers and
van Hurck (1959 - hereafter referred to as SSH).

Their

survey covers nearly the entire sky north of declination
-3 0 ° and provides for comparison a good homogeneous sample
of the brightness distribution in that region.
The survey of SSH has certain limitiations which must
be remembered when comparing their results with those of the
present study.
i) The 85-foot reflector used by SSH gives a pencil
beam with a half-power width of 2.1°, approximately 2.5
times larger than that of the present survey, and
including an area of sky nearly seven times greater
than that of the half-power beam of the Parkes Tele
scope at the same frequency.
ii) The contour interval for the survey is approximately
2.5°K of brightness temperature, resulting in some loss
of low-level fine structure.
iii) The survey was carried out at only one feed angle
and in regions of high background polarization at 408
Mc/s the brightness distribution might be in error by
2° to 3°K.

Figure 5-1:

Absolute brightness temperatures
observed at southern galactic
latitudes along 1" = 0° and 180° in
the present high-resolution study at
408 Mc/s.

FIGURE 5-

Observed

region

I = 180
Galactic

L a titu d e

Ill
5.4

RESULTS
a) Longitudes I1*-1*- = 0° and 180°:
The temperature observed at various southern latitudes

along 1

« 0° and 180° are shown in figure 5-1.

Each point

is the lower of two or more regions separated by about 5° of
arc.

The effects of small scale structure should therefore

be eliminated and only structure larger than 5° to 10° in
extent should affect the observed temperatures.
The general distribution shown in figure 5—1 appears to
be surprisingly "flat” from b ^ =*50° at 1 ^ = 0°, through
the south galactic pole to b^1*- - -45° at l** = 180°, with
the exception of one local feature at b*-* » -70°> l** - 180°.
This feature can be attributed to the Cetus Arc which
crosses this region and is shown clearly in the 240 Mc/s
observations of Large, Quigley and Haslam (1962).
The low latitude regions toward l*-*- = 0° reach much
high levels than those at corresponding latitudes toward
1 ^ = 180°, indicating either a higher volume emissivity
from the regions in that direction for that the line of sight
traverses more emitting regions toward the center.
Particularly noticeable is the asymmetry in the levels
toward U i ■ 0° for the latitude ranges b ü - -35° to -50°
in the points shown in figure 5-1«

One explanation of the

Figure 5-2:

Absolute brightness temperatures
observed by Seeger, Stumpers and van
Hurck at northern galactic latitudes
along lTt = 0° and 180°.

The base level

of their 400 Mc/s observations has been
reduced by 3°K, in accord with the
results obtained in Chapter Two,

3jn}Djaduj3i

ss3U}q6u£
Ga l a c t i c

Latitude

Figure 5-3:

Variation in brightness temperatures
at galactic latitudes

-

30° over a wide

range of longitudes by Seeger, Stumper
and van Hurck at 400 Mc/s.

The base

level has been reduced by 3°K, in
accord with the results of Chapter Two.

C_> o
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general form of the plot in figure 5-1 could be a smooth disk
distribution plus a spherical corona where volume emissivity
increases rapidly inside R = 0.7 R0*
However, comparison of the distribution at southern
galactic latitudes with that found at northern latitudes
from the observations of SSH shows that the same general
form does not apply in the northern latitudes.

The most

noticeable difference in the two distributions is that in
the north, the asymmetry in the direction of the center is
no longer observed.

The increase of brightness temperature

at latitudes less than 30° is more consistent with only a
disk component, and no large scale spherical component is
required to explain the observed brightness distribution.
In fact, such a coronal component would not be at all con
sistent with the observed brightness distribution.
The idea of a spherical component with a high volume
emissivity toward decreasing R is also rejected by the
observations of SSH at b ^

- -30°, figure 5-3*

track, a minimum is noted at l^i = 25°.

In this

Such a brightness

temperature minimum would not be consistent with a
spherical component of emission concentrated toward the
center of the Galaxy.
From the above observations we can draw the conclusion
that the observed asymmetry at southern galactic latitudes
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along 1

=» 0° is due to a large scale local feature*

The observations in 5-2 also indicate that there is a
much lower disk contribution in the direction of the anticenter than toward the central regions of the Galaxy*

This

is consistent with the expected line of sight distances at
low latitudes in these two directions*

b) Latitudes b ^

- +60°, +45° and - 3 0 ° :

In the above discussion we have noted several character
istics of the variation of the brightness temperature with
galactic latitude.

We shall now look at the temperature

distribution at several galactic latitudes and over a range
of longitudes*
Figure 5-4 shows the variation of brightness tempera
tures along b

= +60° according to the contours of SSH*

It

can be seen that with the exception of the structure due to
the north polar spur at 1-^1 = 20° and one other localized
region at l*-* 13 290°, the level is surprisingly uniform over
the 270 degrees of galactic longitude for which the data are
available.

Such uniformity would tend to weigh heavily

against any kind of uniform corona unless its radius was
much greater than R 0 or less than 0.8 R0 .

However, the

present high-resolution observations also shown in figure
5-4 do indicate a possible decrease in brightness temperature
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Figure 5-5:

Absolute brightness temperatures
observed at galactic latitude +45°
over the range of longitude 180° 360° - 90°, by Seeger, Stumpers and
van Hurck.

Points observed in the

present high resolution study are
also shown.
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from the center toward 2.H *» 240° (the only interval over
which high-resolution observations are available).
At a lower latitude, +45°9 the results of SSH seen in
figure 5-5 do not show the same marked degree of uniformity
as at the higher latitude.

The north polar spur dominates

the longitude interval 0° to 45° preventing observation of
the base levels in that region, but from the center toward
longitude 270° there is a gradual decrease in temperature of
about 5°K.

Again the comparison points of the present survey

are few, but show approximately the same fall-off in bright
ness as the smoother SSH contours indicate.

The large scale

of this feature would again suggest a spherical component
concentrated toward the central regions of the Galaxy, but
levels in the longitude interval 0° to 60° would have to be
examined to see if the observed symmetry of this feature
would warrant such a suggestion.
Results of SSH at b

=

-

30° are shown in figure 5-3

as an example of the obvious increase in structure of the
scale of tens of degrees of arc at lower latitudes.

No

general increase in brightness temperature base level toward
the center can be noted in longitude.
However, the brightness distribution along b

- +30°

would allow a spherical component to be confined to within
0.7 R0*

This then would force us to consider the minimum
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observed at l11 =* 25° along b11 = -30° as due to local struc
ture,

We cannot, on the basis of the present evidence, rule

out this possibility.

But, in view of the distribution

noted in figure 5-2 along l H = 0°, it seems highly improb
able that such a central spherical concentration does indeed
exist.

An additional argument is that such a central feature

would become much more obvious at lower frequencies, and no
such bright concentration surrounding the central regions of
the Galaxy has been noted in previous low frequency surveys.
(Polarization observations in this direction might be of
interest in determining what proportion of the observed
radiation has its origin in local features and if the
brightness distribution of this component might be masking
the presence of a spherical concentration toward the center.)
Thus in the above observations we find evidence which
largely rejects the idea of a large scale corona about our
Galaxy.

The uniformity of the SSH baseline with longitude,

at all latitudes examined, certainly does not indicate any
general brightening toward 1** = 0° as required in a model
with a corona.

However, the few comparison points of the

present high-resolution investigation, reaching to lower base
levels around the small and medium scale structure might
indicate a drop-off in brightness temperature away from the
center.

However, medium scale "patchy" structure cannot be

TABLE 5 - 1

1»

b»

rpb

Td i s k

290

-28

17

6.8

294

-23.3

17

5.7

311.7

-17.2

26.1

7.0

303.6

-15.4

25.1

6.0

+43

24.1

14.7

223

-43

10.7

5.6

239

+58.5

15.9

11.4

180

-59

16.7

12.1

-90

15.8

13.3

288

+45

17.1

10.3

180

-60

15.7

11.4

4.4

»
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discounted as a possible source of some of the excess
brightness observed toward the central regions,
c) Points of Minimum Brightness Temperature:
The remaining points of interest which were observed are
in the regions of minimum brightness temperature south of
declination 0°.

The lowest value of temperature is found at

right ascension 04h 20m , declination -25°20T (I965), 1 ^
223, b ■*--*- = -43°*

=

The temperature observed at this point with

the 48* beam is 10.7°K.

Other regions of low brightness

temperature and their positions are given in Table 5-1*
Also given in Table 5-1 is a quantity we shall call
Tdisk*

This quantity is defined as the temperature due to a

disk component which would have to be observed toward the
galactic pole in order to account for the brightness tempera
ture noted at the latitude of a given point in terms of a
simple T^isk(cosec b) relationship.

Each value of T^ was

reduced by 2.5°K to account for the expected background
temperature of the integrated emission of discrete extragalactic sources, before the Tdisk was calculated.
If the brightness temperature observed in each region
were due only to a smooth disk contribution, the derived
values of T^isk should all have nearly the same value, par
ticularly for regions with latitudes greater than 45°«
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Departures from this value would be expected in cases where
the observed brightness temperatures were due in part to
contributions from nearby regions with a smaller scale than
the disk, i.e., the order of degrees in extent or tens of
parsecs in diameter.
It is apparent that there is little agreement in the
derived values of T^isk*

Such a broad range of derived values

suggests a very irregular disk region with large variations
in all directions.

In this small sample it is not possible

to see if the points describe an envelope which might be
indicative of a maximum integrated disk component.
5.5

POLARIZATION OBSERVATIONS
Much work has been done recently by Mathewson and

Milne (1965) on the distribution of the polarized component
of the background radiation at 408 Mc/s.

We mentioned in

Chapter Three that there appears to be no obvious connection
between the small-scale structure of the brightness distri
bution and the distribution of the polarized radiation.
However, on a larger scale, a large amount of the polarized
radiation is found to lie along the bands of emission asso
ciated with the Cetus Arc and portions of the north polar
spur.

This lends some strength to the idea that these

regions might be due to the beaming of synchrotron radiation

TABLE 5 - 2

1«

b"

Tb

Tp o l

24 7

+87.6

17.9

1.8

25 2

-75

1 7 .8

4

-6 0 .4

20.6

-60

%

Pol

disk

5

15.4

11

1 4 .8

2.9

7

15.7

22.6

3

7

17.4

+ 60.8

20.8

5.2

12

16.6

-39

27.6

5 .0

9

15.7

180

-61

1 7 .8

1.9

5

13.4

298

-2 9 .6

18.1

2.3

6

7.4

286.5

-82

14

2.8

10

11.4

238.5

+69

1 6 .6

2.2

7

13.2

247

+87 • 6

17.9

1.8

5

15.4

4.6
58
324
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from relativisitic particles in the magnetic field of our
own local arm.

For such polarized radiation to be observed

the source must lie within a few hundred parsecs of the Sun
(Westerhout, ejb al, 1962).
Other than this, it is noted that regions with high
polarization temperatures tend to have a high absolute
brightness temperature.

However, there are some points of

relatively low brightness temperature at 408 Mc/s which still
appear to be appreciably polarized.

For the points where

the absolute base temperature is known, the average polariza
tion amounts to about 8 percent, and the highest measured
value is about 12 percent.

Table 5-2 lists the absolute

temperatures of several regions and the polarization temper
atures given by Mathewson and Milne (1965) for the same
regions.

It is important that the same point be observed

in both the absolute brightness temperature and the polariz
ation temperature measurements as regions separated by only
a degree of arc can exhibit differences of several degrees
of temperature.

For this reason, it is not entirely valid

to compare the polarization results of Mathewson and Milne
with the brightness temperatures of SSH.

The relative beam

area differ by a factor of greater than six to one and the
observations of SSH did not take the polarized component into
account at the time the brightness distribution was derived.
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If we can assume that this polarized radiation has
suffered little Faraday rotation and depolarization since
its emission, then it follows that the observed percentage
polarization in the polarized component should be very near
ly equal to that at the point of emission.

(Measurements at

600 Me/s by Berkhuijsen, Brouw, MUller and Tinbergen, 19649
and Mathewson, private communication, indicate that the
Faraday rotation in many cases is very small.)

Taking 50

percent polarization as the maximum expected in the radia
tion at its point of origin, we can then estimate that a
temperature equal at least to the polarization temperature
is due to emission from nearby regions in some directions.
This value will represent a lower limit if the percentage
polarization of the emitted radiation is less than the
assumed 50 percent.
If the portion of brightness temperature corresponding
to the polarized component is subtracted from the observed
brightness temperatures in a given region, the residual
brightness in many cases is found to be of the same magni
tude as the minimum temperatures measured in regions of the
sky exhibiting no polarization.

This indicates that the

higher emission noted in some directions, most notably the
band through li:i- = 350°, 150°, and the galactic poles could
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be due largely to the beaming of synchrotron emission in our
local arm, as suggested by Mathewson and Milne (I965).
Such an idea is interesting from the standpoint of
explaining the two large scale features in the sky, the Cetus
Arc and the North Polar Spur*

Both of these features have

previously been explained as super-nova remnants.
In the case of the Cetus Arc, the explanation in terms
of beaming synchrotron emission is acceptable.

However, the

position of the brighter portions of the North Polar Spur do
not agree with the geometry required by such a suggestions
as they lie along an arc at 45° to the noted Mathewson-Milne
band of polarization and emission.

The Spur is observed at

galactic latitudes as high as 75° to 80°, and therefore is
considered to be due to a local feature.

If it is to be

contained within the disk, it must lie within 50 parsecs of
the Sun.
A possible explanation of the North Polar Spur is that
it is due to beaming of synchrotron radiation from particles
in a large-scale irregularity in the local magnetic field
(again within 50 parsecs).

However, in the absence of the

extensive examination of the polarization results to see if
this might be possible, this feature might still be regarded
as a super-nova remnant.
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From the scale and shape of numerous other smaller-scale
spurs seen along the disk, some could well be due to the
mechanism suggested by Hanbury Brown, Davis and Hazard (i960),
i.e., inter-arm links or fins.

This is consistent with

structure observed in some nearby extragalactic systems.
Future polarization studies should disclose whether these
features are nearby or not, thus indicating the approximate
linear extent, and allowing a better analysis of their
possible origins to be made.
5.6

CONCLUSIONS

The present investigation has indicated the presence of
several features in the structure of the background radia
tion at 408 Mc/s.

Our observations show structure on

several different scales with many of the features probably
due to nearby regions, which appear extremely difficult to
separate from other contributions from within the disk.
In order to carry out a comprehensive study of the
background radiation, much more extensive observations of
the brightness distribution are necessary.

The present

evidence found for superposition of numerous emitting reg
ions in the line of sight do not suggest that a large
improvement could be gained by observations with higher
resolution.

However, a survey of the entire sky at 408 Mc/s
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with an angular resolution of one degree or less, and taking
account of the polarized radiation,would be extremely valu
able for the study of the nearby structure,

(With present

equipment, such a survey would take only about 150 aerialdays of observations to cover the entire sky.)
However, the data of the preceding sections do allow us
to reach certain conclusions,
1)

As regards a large scale corona, the present inves

tigation does not indicate the presence of such a large uni
form emitting region about our Galaxy,

If one is indeed

present, its volume emissivity must be less than some 100
times smaller than the average emissivity of the disk,
I

2)

The disk component is seen to be "patchy" in all

directions from the Sun,

Structure on the scale of a few

degrees of arc makes it difficult to assess the general
properties of this component, however, the present observa
tions lend no direct support to the idea of a smooth disk
component which varies as (cosec b).

However, the integrat

ed contribution from regions along the line of sight in the
disk should have an upper limit which roughly describes a
(cosec b) relationship.
A possible explanation of this component might be
emitting regions of the order of 0.1 the scale of the thick
ness of the disk and distributed in a «quasi-random" manner,
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lying along the general regions of the ’’arms'1.
3)

The emission from nearby regions in our local arm

may contribute an appreciable fraction of the temperature
observed in some directions.

This contribution may also be

"patchy" due to anisotropies in the fields or particle energy
distributions concerned.

Further examination of the distri

bution of the polarized component with respect to the total
emission brightness distribution is required before a des
cription of such nearby regions can be undertaken.
4)

Finally, the isotropic component of the background

brightness temperature deserves special attention.

The

present observations indicate a lower limit of 0.3°K (from
sources counted down to the present limits of detection) and
an upper limit of 10.7°K (the minimum brightness temperature
observed).

The most likely value is probably about 2.5°K,

in keeping with values of minimum brightness observed at
lower frequencies.

Assuming a brightness temperature

spectral index of -2.7 to -2.8, an increase in the background
temperature estimated at 408 Mc/s by more than 2°K would not
be consistent with the observed minimum brightness at low
frequencies.
With regard to this isotropic component, it is also
interesting to note the recent measurement of the background
temperature at 4080 Mc/s by Penzias and Wilson (1965)
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yielding a value of 3*5°K.

On the basis of a non-thermal

brightness temperature spectral index for the background,
the expected brightness temperature at 4080 Mc/s is less than
0.01°K.

This clear contradiction between the expected value

and the observed value indicates the possible existence of an
additional background component at high frequencies, with a
flat spectral index.
Further measurements of the absolute brightness temper
ature of the sky are clearly needed in the frequency gap

4O8-4O8O Mc/s, and at frequencies even greater than 4080
Mc/s.

Measurements in the lower part of this range could be

carried out with the horn aerial system used in parts of the
present investigation (up to about 600 Mc/s).

At higher

frequencies, the horn aerial of the National Radio Astronomy
Observatory at Greenbank could be used from 700 to over 1500
Mc/s, and at still higher frequencies, a horn-reflector
aerial such as that used by Penzias and Wilson can be used.
From the disucssion in the preceding paragraphs, it is
apparent that a great deal of observational work remains to
be done on galactic structure before we will begin to have a
detailed knowledge of the large scale features and their
origins and distribution in our Galaxy.

EPILOGUE
In the present thesis the background radiation at 408
Mc/s has been examined.

Although sufficient experimental

data are not at present available to determine uniquely the
distribution of the brightness, we can draw several firm
conclusions from the investigation.
i)

These are as follows:

A radio corona has been shown not to exist.

Such a

corona, within a factor of two or three of the dimensions of
our Galaxy and with a volume emissivity down to as low as
10-2 Gf

averaged over a reasonable portion of the disk,

would have been detected in the present analysis.

Only if

the disk exhibits a general form highly asymmetrical, and
conjugate to that of the corona, in the region of the Sun
would such a feature have escaped detection.
ii)

The structure of the disk component is not smooth

or evenly distributed, even on a scale of one hundred parsecs.
Rather, it is found to have a highly "patchy" structure,
apparently due to a large number of emitting regions confin
ed in a general way to the well known structural features of
the Galaxy, i.e., the "arms" as defined by neutral hydrogen
studies, and the distribution of extreme population Type I
objects.
125
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iii)

From the determination of the absolute brightness

temperature in several regions where background polarization
has been measured, it has been shown that the component
which contains the observed polarized emission amounts on an
average to at least 16 percent of the total observed emission
over several representative areas, and may be as much as 25
percent in a few directions.

(This assumes that the compon

ent containing the polarized emission to be 50 percent plane
polarized.

A percentage smaller than this would increase

the proportion of the observed brightness temperature which
has its origin in the polarized component.)

A more extensive

comparison of brightness temperatures and polarization
temperatures over the sky is necessary in order to determine
the overall mean, and establish what proportion of the total
observed brightness distribution has its origin within a few
hundred parsecs of the Sun.
The results of the present investigation are not con
fined completely to the background radiation.

The following

experimental determinations have also been made:
iv)

The slope of the (Log N-Log S) relationship for

sources observed at 1410 Mc/s has been shown to maintain a
value of -1.7 - 0*3 at least to our lower limit of 0.5 x
10~26 W m~2 cps“*^ at 1410 Mc/s, a level more than two times
lower than that previously reached at this frequency
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v)

Comparison of the above result with that of Scott

and Ryle at 178 Mc/s also allowed the determination of a
mean flux density spectral index, -0.7« for faint sources to
N - 6 x 10^ per steradian.

The derived value is nearly the

same as that found for sources of higher flux densities.

On

the basis of the present observations, however, it is not
possible to determine whether or not there might be a
decrease in the absolute value of the spectral index at
lower frequencies due to sources with curved spectra in the
frequency range 178-408 Mc/s.
vi)

Finally, for use in future work with the 210-Foot

Reflector of the Australian National Radio Astronomy Observ
atory, the mean absolute brightness temperature of the south
celestial pole as observed with the 4 8 T of arc at 408 Mc/s
is found to be 23.1°K.

This figure should prove especially

useful in future studies of the polarization of the back
ground radiation at 408 Mc/s and investigations of the
structure of the Galaxy at radio wavelengths.

REFERENCES

Alfven, H. and Herlofson, N. 1950.
Baldwin, J.E. 1954*

Phys. Rev, 2ÜL, 616

Nature, 1 7 4 , 320,

_____ 1955.

M.N.R.A.S., 112, 684.

_____ 1963.

Observatory, 8j£, 153*

Berkhuijsen, E,M, and Brouw, W.N, 1963*

B,A.N., 12, 185*

Berkhuijsen, E,M., Brouw, W.N,, Muller, C.A. and Tinbergen,
J. 1964.
B.A.N., 12, 465.
Blythe, J.H. 1957.

M.N.R.A.S., 112> 657.

Bolton, J.G. and Westfold, K.C. 1950.
A 3 . 19.

Aust, J. of Sei. Res.,

Bolton, J.G., Gardner, F.F. and Mackey, M.B. 1963.
1 9 9 , 682 .
_____ 1964.

Nature,

Aust. J. Phys., 12, 340.

Braun, E.H. 1956.
A P-4, 29.

I.R.E. Trans, on Antennas and Propagation,

Brouw, W.N., Muller, C.A. and Tinbergen, J. 1962.
16, 213.

B.A.N.,

Conway, R.G., Kellermann, K.I. and Long, R.J. 1963*
M.N.R.A.S., 122, 261.
Cooper, B.F.C., Cousins, T.E. and Grüner, L. 1964.
I.R.E. (Aust.), 22, 22.
Cooper, B.F.C., Price, R.M. and Cole, D.J. 1965.
Phys, 1<3, In Press.
Costain, C.H. I960.

M.N.R.A.S., 1 2 0 , 249.

128

Proc.
Aust. J.

129
Davies, R.D. 1964*

M.N.R.A.S., 1 2 8 , 173*

Gardner, F.F. and Davies, R.D. 1965.
In Press.
Gardner, F.F. and Milne, D.K. 1963.

127.

Graham-Smith, F. 1961.

Aust. J. Phys., 1 8 ,

Proc. I.R.E.

Nature, 19 1 . 1381.

Hanbury-Brown, R. and Hazard, C. 1953*
_____ 1959.

(Aust.),

Nature, 1 7 2 , 853«

M.N.R.A.S., 11£, 297.

Hanbury-Brown, R . , Davies, R.D. and Hazard, C. I960.
Observatory, 8j3, 191.
Harris, D.E. and Roberts, J.A. I960.

P.A.S.P., £ 2 > 237.

Haslam, C.G.T., Large, M.I. and Quigley, M.J.S. 1964*
M.N.R.A.S., 122, 273•
Hazard, C. 1963.

M.N.R.A.S., 126, 489.

Kerbstreit, J.W. and Johler, J.R. 1948.
Hewish, A. 1961.

Nature, 1 6 1 , 515*

M.N.R.A.S., 122, 167.

Hey, J.S., Phillips, J.W. and Parsons, S.J. 1946.
1 5 7 , 296.
Hill, E.R., Slee, O.B. and Mills, B.Y. 1958.
11, 530.

Nature,

Aust. J. Phys.,

von Hoerner, S. 1961.
Publications of the National Radio
Astronomy Observatory,
No. 2.
Hogg, D.C. 1959.

J. Ap. Phys.,

1417.

Hughes, V.A. 1956.

Proc. I.E.E., 1 0 3 » 669.

Jansky, K.G. 1932.

Proc. I.R.E.,

1920.

Juli, E.V. and Deloi, E.P. 1964.
I.E.E.E. Trans,
and Propagation, A P - 1 2 , 439.
Kellermann, K.I. 1964.

Ap. J., 1 4 0 , 969*

on Antennas

130
Kenderdine, S. I 963 .

M.N.R.A.S., 1 2 6 , 41.

Kiepenheuer, K.O. 1950.
Komesaroff, M.M. 1961.

Phys. Rve., J3> 738.
Aust. J. Phys., 1^, 515*

Large, M.I., Quigley, M.J.S. and Haslam, C.G.T. 1962.
M.N.R.A.S., 12±, 405.
Leslie, P.R.R. 1961

M.N.R.A.S., 122, 51.

McGee, R . X . , Slee, O.B. and Stanley, G.J. 1955*
Phys. , j8, 347.
Mackey, M.B. 1964*

Proc. I.R.E.

Aust. J. of

(Aust.), j&£, 515«

Mathewson, D.S. and Healey, J.R. 1964 . I.A.U.-U.R.S.I.
Symposium No. 20. The Galaxy and the Magellanic Clouds.
F.J. Kerr and A.W. Rodgers, eds., 245*
Mathewson, D.S. and Milne, D.K. 1964 .
1965*

Aust. J. Phys.,

Nature, 2 03. 1273*

Press.

Mills, B.Y. 1959.
Paris Symposium of Radio Astronomy.
R.N.
Bracewell, ed. (Stanford University Press, 1959)» 431.
Mills, B.Y., Slee, O.B. and Hill, E.R. 1961.
Phys., 14 , 497.
Milne, D.K. and Scheuer, P.A.G. 1964*
106 .
Moxon, L.A. 1946.

Aust. J.

Aust. J. Phys., 1 7 .

Nature, 1 5 8 , 658 .

Pauliny-Toth, I.I.K., Baldwin, J.E. and Shakeshaft, J.R.
1961. M.N.R.A.S., 122, 279.
Pauliny-Toth, I.I.K and Shakeshaft, J.R. 1962.
1 2 4 , 61.
Penzias, A.A. and Wilson, R.W. 1965«
Piddington, J.H. 1951.

M.N.R.A.S.,

Ap. J . , 141.

M.N.R.A.S., 111, 45.

Piddington, J.H. and Minnett, H.C. 1951.
Res., A 4 , 459.

Aust. J. Sei.

131
Piddington, J.H. and Trent, G.H. 1956.
481.
Pilkington, J.D.H. 1964.
Reber, G. 1940.

Aust. J. Phys., 9,

M.N.R.A.S., 128, 103.

Ap. J. , £1, 621.

_____ 1944. Ap. J., 100, 279.
Ryle, M. and Clark, R.W. 1961.
Ryle, M. and Neville, A.C. 1963.
Scheuer, P.A.G. 1965*

M.N.R.A.S., 1 2 2 , 349.
M.N.R.A.S., 1 2 5 . 39.

Aust. J. Phys., 18_, 77*

Scott, P.F. and Ryle, M. 1961.

M.N.R.A.S., 122, 389.

Seeger, C.L., Stumpers, F.L.H.M. and van Hurck, N. i 960.
Phillips Tech. Rev., 21, 317*
Seeger, C.L., Westerhout, G. and van de Iiulst, H.C. 1956.
B.A.N., 1i, 89.
Shain, C.A. 1951«

Aust. J. of Sei. Res., A 4 * 258.

Shain, C.A., Komesaroff, M.M. and Higgins, C.S. 1961.
J. Phys., 14, 508.
Shklovsky, I.S. 1952.

Aust.

Astr. Zhur. S.S.S.R., 2£, 418.

See also Shklovsky, I.S. 1956.
Cosmic Radio Waves,
Harvard University Press, Cambridge, Massachusetts.
Silver, S. 1949.
Microwave Antenna Theory and Design (M.I.T.
Rad. Lab. Series Number 12), McGraw-Hill Inc., New York.
Slayton, W.T. 1954.
Report 4433> Naval Research Labora
tories, Washington, D.C.
Stelzried, C.T. 1961.
Turtle, A.J. 1963.

Proc. I.R.E., ^£, 1224*

M.N.R.A.S., 12Ä, 405.

Turtle, A.J. and Baldwin, J.E. 1962.

M.N.R.A.S., 1 2 4 . 459.

Turtle, A.J., Pugh, J.F., Kenderdine, S. and Pauliny-Toth,
I.I.K. 1962.
M.N.R.A.S., I 24, 297.

Unsold, A. 1949.

Nature, 16.1, 489*

de Vaucouleurs, G. 1956.
Number 13.
Westerhout, G. 1958.

Memoirs Mt. Stromlo Obsy.,

B.A.N., I4 , 215.

Westerhout, G. and Oort, J.H. 1951«

B.A.N., 11, 323*

Westerhout, G., Seeger, C.L., Brouw, W.N. and Tinbergen
J. 1962.
B.A.N., 16, 187.

APPENDIX I
SOURCE CATALOGUE
This section contains a catalogue of 247 radio sources
in the declination zone -60° to -90° measured using the
techniques described in Chapter Four.

The catalogue is sub-

stanially complete for sources greater than 0.5 x 10”26 ^
m“2 cps“-*- at 1410 Mc/s in the region -75° to -90°, and for
sources greater than about 1.5 x 10~26 W m“2 cps“-^ between
declinations -60° and -75 °«
The catalogue tables are largely self-explanatory,
additional information concerning their use being given
below:
Column 1

: catalogue source number

Columns 2 and 3 : right ascension and declination for epoch
1950.0
Columns 4 and 5 : annual precession in right ascension
(seconds of time) and declination (seconds
of arc)
Columns 6 to 9

: flux densities at the indicated wavelengths
in units of 10“26 \j m -2 Cps“l
Units of wavelength are used in order to
133

134
be consistent with the previously publish
ed catalogue of sources compiled at Parkes
by Bolton, Gardner and Mackey (1964).

The

wavelengths indicated are nominal and
correspond to the following frequencies:
75 cm -- -

408 Mc/s

21 cm -- - 1410

Mc/s

11 cm -- - 2650

Mc/s

Columns 10 to 12: spectral indices for indicated wavelength
ranges
Column 13

: remarks and additional data
Abbreviations used are as follows: 74-I>
II, I H > IV - Harris and Roberts (i960)
field class of identification on Mount
Stromlo 74 inch plate.
I

: the error rectangle about the source
position includes a galaxy brighter
than nipg = 17

II : the area includes a galaxy or galaxies
17 <

mpg <

19

III: the area includes no galaxies above
the plate limit
IV : the field is heavily obscured
••

••

Columns 14 and 15 : new galactic coordinates, l11 and b11
Column 16

: MSH catalogue number, where applicable.
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