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JOHN MURRAY CRAWFORD

T is with regret that we say farewell to Mr.

J. M. Crawford, our Chief Engineer for the

last twelve years. During that time the
world has passed through a period of economic
stress which, in its reaction on the Engineering
Branch, created difficulties and problems which
were without precedent. A leader with the
courage and the vision to use such a time for
building up rather than -

There have been many outstanding develop-
ments during those years of service. The present
methods of recruitment and training of En-
gineers, Mechanics, and Linemen are largely tne
results of his activities. Mr. Crawford has been
intensely interested in the Improvements Board
and has been the Chairman since its inception.
He has also been particularly interested in the
establishment of Postal
Institutes in the various

for breaking down was
almost unique, but in
“JM.C.,” as he was s0
universally known, we
were fortunate to have
had such a Chief. An
undaunted believer in
the recuperative powers
of Australia, he held
together his whole or-
ganisation and set out
to commence develop-
ment works at the first
sign of returning pros-
perity, with the result
that to-day the Depart-
ment is able to meet a
very heavy demand for
new services.

His ability te look
beyond the present
pressing problems to
the needs of the future,
his unwavering courage
in the control of the
Engineering Branch,
and his scerupulous fair-
ness, will always remain in our memories as his
outstanding characteristics. By the force of hig
personal example he has created a feeling of
mutual respect and goodwill in the Engineering
Branch, and has earned the personal esteem and
loyalty of all who worked under him.

After being educated at Queen’s School, Liver-
pool, Mr. Crawford was employed in the British
Post Office for some 20 years; in 1912 he
was selected, after a personal interview by the
late Mr. J. Hesketh—who was then Chief Elec-
trical Engineer—as his assistant. Later, he
occupied the positions of Superintending Engi-
neer in Victoria and in New South Wales, and
was appointed Chief Engineer in 1924.

Courtesy of Inst. of Engincers (Aust‘)1 t -
John Murray Crawford, M.B.E., M.LE.E., M.LE. (Aust.) ater secr

capital cities. As Chief
Engineer he has been
responsible for intro-
ducing many major en-
gineering works.

In 1932 Mr. Crawford
attended the Paris El-
ectrical Congress, and
later in the same year
he was delegate for
Australia at the Tele-
graph, Telephone and
Radio Conference in
Madrid.

Outside his Depart-
mental activities, J.M.C.
was keenly interested
in the affairs of his
profession. Before he
came to Awustralia, he
was secretary of the
British Post Office En-
gineers’ Society, and
etary of the
Institution of Post
Office Engineers, London, and a member of the
editorial staff of that Institute’s journal. At
present he is a member of the Institution of
Flectrical Engineers, London. In the Institution
of Engineers, Australia, Mr. Crawford has served
as chairman of the Victorian Division, has been
for many years a member of the Council, in
1985 was elected vice-president, and is now
senior vice-president. He is also a member of the
Council of the Standards Association of Australia.

Mr. Crawford received the Silver Jubilee Medal,
and in 1935 was honoured with the membership
of the Order of the British Empire. We are
honoured that he should have accepted an honor-
ary life membership of our Society.
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DEVELOPMENTS 1IN

HE technique of radio broadcasting has

developed with amazing rapidity within the

last decade or so, and it is natural that the
developments in the various sections of the tech-
nique, like those in other engineering activities,
have not oceurred with equal rapidity, sometimes
one section and sometimes another being in the
ascendency. Thus it has come about that under
existing conditions of practice the faithfulness
of reproduction generally suffers to a much
smaller extent in transmitters than in receivers,
the former being more satisfactorily developed
from this standpoint than the latter. In the
- same way it may be stated that the technique
of broadcast transmission, the generation and
modulation of radio frequency energy, although
undoubtedly in a state of considerable flux, is
more nearly standardised and has reached a
more satisfactory pogition than that of radiation.
In recent years, however, more attention has
been paid to the question of broadcasting aerial
design, and at the present time large sums of
money are being spent by broadcasting adminis-

trations in various parts of the world in
attempts to develop radiators more closely
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approaching the ideal. The most noteworthy
example of this expenditure occurs in the 1,000-
foot mast erected for the Hungarian broadcast-
ing administration. At the other extreme there
are the simpler and earlier types of aerial em-
ploying a wire cage supported from one or two
masts of height 150 or 200 feet. Existing
broadcasting aerial practice may indeed be said
to be characterised primarily by variety, while
the amount of published experimental data on
the existing types is not great.

BROADCASTING AERIALS

A. J. McKenzie, BEE.

Before considering any of the developments in
the aerial field, it is desirable to recapitulate the
main objects in broadcasting aerial design.
Obviously the primary consideration, although
perhaps not that of primary importance, 1s the .
provision at the receiving locations of as large a
field strength as possible, for a given power
input to the aerial. This consideration may be
attained by attention to two points: firstly, the
reduction of heating losses in the radiation pro-
cess, and secondly, the concentration of the radi-
ated energy in useful directions, namely, those
inclined at small angles to the horizontal. The
second consideration, and in some respects the
more important one, is the reduction of fading
during the hours of darkness at some distance
from the aerial, and the consequent increase of
the fading free service area. The cause of fad-
ing is well known, its existence being due to
interference between the field directly radiated in
a horizontal direction, and the indirect field
radiated at high angles to the horizontal, and
reflected to earth from the ionised region exist-
ing at some distance above the surface of the
earth. The two waves add vectorially, the resul-
tant varying in magnitude fairly rapidly, owing
to variation in phase of the indirect wave con-
sequent upon slight variations in the path length,
caused by fluctuation in the state of the ionised
region. It will be appreciated that fading is
worst at such a distance that the magnitudes of
the direct and indirect fields are equal, the mag-
nitude of the resultant field then varying from
zero to twice the daylight field. At shorter
distances the fading is either negligible or of
smaller magnitude, while at longer distances the
fading again becomes less severe, although at
oreat distances fading still occurs due to fluctua-
tions in actions of the ionesphere. It is obvious,
too, that a reduction in the magnitude of high
angle radiation from an aerial will effect an in-
crease in the fading free service area.

The existing fading and indirect ray propaga-
tion phenomena are ascribed to the existence of
two ionised regions, the “E” or Kennelly-Heavi-
side region at a height of approximately 100 kM,
and the “F” or Appleton region at a height
of approximately 250 kM. At broadcast fre-

quencies the bulk of the vreflected field
is ascribed to the presence of the “BE”
region. This fact enables us to deter-

mine, from the simple geometry of the case, the
angle of upward radiation, of a ray returning to
earth at a given distance, it being assumed that
the ray returns by a simple reflection and that
the reflection occurs from a horizontal portion of
the region, the assumption applying to average
conditions. Figure 1, Curve 1, shows the rela-
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tion between upward radiation angle and dis-
tance from the station at which the ray returns
to earth.

Assuming that the worst fading occurs at
about 100kM from the station, the field radi-
ated at angles in the vicinity of 65 degrees to
the horizontal is seen to be the worst offender,
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Fig. 2.—Vertical Radiation Characteristics of Vertical Aerials.
and its reduction by the use of a suitable aerial
most desirable. The importance of concentration
of radiation of energy at low angles is demon-
strated by Figure 1, Curve 2 (1), which shows a
curve of the field strength on the ground at 1
kM for 1 kilowatt input against an angle © for
an arbitrary shape of vertical radiation char-
acteristic in which the radiation is constant for
any angle from the horizontal below the angle &,
and is zero for higher angles. The vertical polar
curve or radiation characteristic of field strength
is as shown in the inset. For a low vertical or
T aerial, the volar curve of field strength in the
vertical plane follows the cosine of the angle
from the horizontal as shown in Curve 1 of
Figure 2. The field strength at 1 kM for 1 kW
radiated from an aerial having such a vertical
polar diagram is 300 mV per metre. It will be
seen from Figure 1 that if the radiated energy
could be concentrated below an angle of 9 de-
grees from the horizontal the field strength
would be twice this value. Thus the improve-
ment effected by replacing a low vertical aerial
by such an aerial, neglecting losses in each case,
is equivalent to increasing the value of power
supplied to the vertical aerial in the ratio of
four to one, since the radiated power is propor-
tional to the square of the radiated field intensity.

The concentration of the radiation at such a
low angle on broadcasting frequencies has not so
far been economically possible, and has been
effected only to a limited degree. Stuart Ballan-
tine showed in 1924 (2) that considerable con-
centration may be effected in the vertical plane

(1) Brown, P.IR.E., Jan., 1936. (2) P.IR.E., Dec., 1924.

by employing an aerial consisting of a straight
vertical conductor of height of the order of half
a wavelength. He assumed the current distribu-
tion in such a conductor to be sinusoidal, that is,
zero at the free end and increasing to a maxi-
mum value at a point some distance along the
conductor. This current distribution is the re-
sult of a sinusoidal excitation at the base, pro-
ducing a wave travelling along the conductor
with a velocity approaching that of light. A
reflection at the free end produces a standing
wave of current and voltage whose length is
equal to the velocity of propagation divided by
the frequency. The velocity of propagation is in
practice about 5 per cent. less than that of light.
If we neglect radiation and losses, the current
distribution is definitely sinusoidal, but in prac-
tice the current does not reach zero at a point
half a wavelength from the free end, but
changes sign by means of a phase rotation. For
calculations of vertical radiation characteristics
not much error is introduced by assuming sinu-
soidal current distribution, and velocity of propa-
gation equal to that of light. Figure 2 shows
the wvertical polar diagrams for wvertical con-
ductors of very small height, of heights 0.5
wavelength and 0.625 wavelength. It will be
seen that the vertical radiation characteristic
becomes more concentrated at low horizontal
angles as the height is increased to one-half a
wavelength, above which a high angle lobe of
radiation becomes apparent. The field strength
on the ground at 1 kilometre from the aerial for
1 kW radiated is plotted in Figure 3 against the
height of the vertical aerial expressed as a frac-
tion of a wavelength. It will be seen that the
optimum height from the point of view of saving
in power is 0.625 of a wavelength, and at this
height the field strength is increased by 48 per
cent. over that from a low vertical aerial, equiva-
lent to an increase in power input of 120 per
cent. Owing to the existence of the high angle
lobe in the vertical radiation characteristic for
heights above half a wavelength, the optimum
height for power saving is not necessarily that
for optimum fading reduction. Where the ter-
rain in the service area is of low conductivity
and the fading ring is therefore nearer the
aerial, the fading is due to radiation at higher
angles, and so the lobe should be reduced as far
as possible, and the optimum height for fading
reduction is reduced to a figure slightly above
half a wavelength, whereas for very good teg-
rain the optimum height for fading reduction
approaches that for power saving. Ballantine
also has given the radiation resistance of a
vertical wire of any height, that is, the input
resistance of the aerial neglecting losses. The
radiation resistance of a vertical wire is greatest
when its length is about 0.5 of a wavelength.
A high radiation resistance is an advantage since
the ratio of power radiated to power loss is



Page 60 THE TELECOMMUNICATION

JOURNAL OF AUSTRALIA June, 1936.

equal to the ratio of radiation resistance to loss
resistance, and a considerable portion of the
latter remains reasonably constant. It will be
seen that from the point of view of obtaining
a high radiation resistance, a high vertical aerial
is also desirable.

It will be seen from Figure 2 that the concen-
tration of radiation in the vertical plane at low
angles is very small for vertical aerials of height
less than one-quarter of a wavelength, so that
we may say that for such aerials the vertical
polar diagram approximates to the semi-circular
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Fig. 3.—Horizontal Radiation—Vertical Aerial.
form shown in Curve 1, of Figure 2. It may be
shown theoretically that the polar diagram for
a low T or L aerial of height less than one-
quarter wavelength is of the same form, if we
neglect radiation from the horizontal portion.
Actually some radiation will ocur from this por-
tion, and it is probably greatest at high angles,
The vertical polar diagram of a multiple tuned
aerial is, neglecting- radiation from the horizon-
tal, of the same form, and the radiation from
the horizontal portion would probably be slightly
greater than that from a T aerial, and less than
that from an L aerial. It will be appreciated
that theoretically the low aerials are compara-
tively poor from the point of view of fading and
that considerable heights are necessary to obtain
much improvement in this connection. Height in
such aerials is, however, an important factor in
keeping the radiation resistance high, the radia-
tion resistance for heights much less than a
quarter wavelength being proportional to the
ratio of height to wavelength.

The question of the efficiency rating of an
aerial is of considerable importance. The ratio
of power radiated to power input is an unsatis-
factory rating, firstly because in order to evalu-
ate its magnitude it is necessary to know the
vertical polar diagram, necessitating the use of
an aeroplane, or else the making of doubtful
assumptions, and secondly, because it is not a

true measure of the effectiveness of an aerial,
since it takes mno account of concentration of
radiation in the required direction. Actually we
are interested primarily in the field strength on
the ground. The aerial efficiency is sometimes
calculated from ground field strength measure-
ments, assuming the vertical polar diagram to be
semi-circular as shown in Curve 1 of Figure 2.
In such a case the radiated power is equal to

E'd® watts, where E mV/m is the field strength

20

at a distance d kM from the aerial, and the
efficiency is obtained by dividing the above by
the power input. The figure so obtained un-
doubtedly gives a satisfactory relative measure
of the aerial’s effectiveness from the point of
view of horizontal radiation, but has the dis-
advantage that there is an apparent incongruity
in that results higher than 100 per cent. are
obtained, when there is considerable concentra-
tion in the vertical plane. Perhaps the most
satisfactory method of rating is to express a
“figure of merit” as the field strength at 1 kM
from the aerial at 1 kW input. It is of interest
to note here that the theoretical figure for an
aerial having no losses, and a semi-circular ver-
tical polar diagram is 300, while that for the
optimum vertical aerial of height 0.625 wave-
length is 444.

Although Stuart Ballantine had pointed out in
1924 the advantages accruing from the use of a
high vertical radiator, some years elapsed before
such a radiator was actually constructed for the
broadcasting frequencies. The reason for the
delay was, of course, primarily economic, since
the height of a half-wave radiator is about 1,000
feet for use on 550 kC and about 300 feet on
1,500 kC. The typve of radiator developed in
America by the Blaw Knox Coy. is a develop-
ment of the Stuart Ballantine theory and con-
sists of a square lattice steel tower insulated at
the base, and guyed at about the middle point,
by means of four guys sectionalised into insu-
lated sections. For structural reasons, the tower
is made of non-constant cross section, being of
largest section at the guying point. This type is
usually provided with a section at the top which
can be slid vertically from the inside of the
mast, providing an adjustment of the height for
operation on different frequencies. The mast is
guyed, it will be noted, at only one point along
its length, the point chosen being near the volt-
age node, so that the voltage on the insulators
is comparatively small. In addition, it is pos-
sible that the stray radiation from induced cur-
rents in the guys is minimised by this procedure.
It has recently been shown by Brown (3), who
used models on frequencies of the order of 10
megacycles per second, that the current distribu-

(3) P.LR.E., April, 1935,
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tion along this type of mast, owing to the varia-
tion in its cross section, departs considerably
from the sinusoidal form. The conclusions of
Ballantine are based on the assumption that the
current distribution is sinusoidal, and while the
departure is not necessarily detrimental, yet in
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Fig. 4—Current Distribution—Blaw-Knox Mast.

some cases it is definitely so. Figure 4 shows
the measured current distribution on a model of
a Blaw-Knox mast employed at Station WCATU,
Philadelphia, together with the current distribu-
tion on a vertical wire of the same height. It
will be seen that for sinusoidal distribution a
current node exists some distance above the
ground, and that in the measured distribution
no current node exists on the mast at all. The
polar diagrams calculated by Brown for the mea-
sured current distribution, and for the sinusoidal
distribution are shown in rectangular co-ordi-
nates, in Figure 5, together with measured
points taken by means of an aeroplane. The
radiation characteristic for a vertical wire of
height only 75 per cent. of the height of this
mast is seen to be approximately the same. It
will be seen that in this particular case the non-
uniformity of cross section has a definitely dele-
terious effect. For this reason the Blaw Knox
Company have developed a mast having constant
cross section and guyed only at the one point
near the voltage node.

Another aerial of particular interest is that
erected by Philips at Hilversum, in Holland. It
is a slightly tapered steel mast of triangular
cross section, the cross section being greatest at
the base, is guyed at four points along its length
and is provided with an adjustable top section
as in the case of the Blaw Knox masts. Its
height is 460 feet, 0.47 of the operating wave-
length. It is stated that a current node exists
at 20 metres above the base, so that the wave-
length of the standing wave existing on the
mast must be considerably less than that in free
space. The reason for this is not clear, but it is
possible that the effect is due to loading pro-
duced by the presence of the guys, with conse-
quent equivalent reduced velocity of propagation
along the mast.

A type of aerial favoured by the German
broadcasting authorities consists of a wooden
lattice tower carrying a vertical copper wire, and
surmounted by a light copper ring which acts as
a self-capacity termination to the vertical wire.
The effect of the ring is to produce a consider-
able amount of current at the top of the vertical
wire with consequent saving in height for the
same vertical polar diagram as obtained with a
simple vertical wire. “One of several aerials of
this type is in operation at Breslau, its height
being 460 feet, 0.43 of the operating wavelength.
It is surmounted by a copper ring of cartwheel
construction, having a diameter of 30 feet. The
German authorities have employed other experi-
mental forms of radiators, such as a wooden
tower supporting a vertical dipole (or wire fed
at the centre point), having its lower end some
distance above ground and some modifications of
this type. Still another type consists of a ring
of low vertical aerials spaced approximately one-
quarter of a wavelength from a central low ver-
tical structure.

Another type employed initially by the British
Broadcasting Corporation consists of a single
guyed mast, from the top of which are sus-
pended three wires terminating on short poles
equi-spaced round the base of the mast and some
distance out from it. These wires are fed by
means of horizontal wires about ten feet above
ground, brought to a point near the base of the
mast and commoned there. The lengths of hori-
zontals and upleads are so proportioned that a
current node exists near the base of each uplead,
and so that the distance from the current node
to the feed point is slightly less than one-quarter
of a wavelength. Aerials of this type are in
operation in Australia at the Regional stations
of the National Broadcasting System erected in
North Tasmania (7NT), and Gippsland (3GI),
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and a third will be installed at the North
Queensland Regional Station (4QN). They are
often referred to as conical or umbrella radia-
tors.
The Department has, of course, been inter-
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ested in the question of broadcast radiator de-
sign for some time, but the question became one
of major importance in 1933, when the construc-
tion programme for the National Broadcasting
Service was recommenced. At that time brief
details were available of two types of radiator
which appeared to be improvements on those
previously used, the so-called Blaw Knox and
conical types referred to earlier. For the operat-
ing frequencies allocated to the broadcast sta-
tions concerned the former type was quite out
of the question for economic reasons. The latter
type was considered to be quite suitable for the
three stations referred to in the previous para-
graph, but not for others, the preliminary plans
for which were then being prepared. As the
whole question was so important and the avail-
able information so meagre, the electrical design
and performance of radiators at broadcast fre-
quencies was investigated theoretically, particu-
larly from the viewpoint of conditions pertaining
in Australia, especially for the National Broad-
casting Service. Attention was focussed on the
possibility of obtaining satisfactory current dis-
tribution in a vertical mast by using top capa-
city instead of going to the full optimum height
necessitated by utilising the Blaw Knox struc-
ture. Theoretical conclusions were supplemented
by practical tests on a scale model structure
erected at the radio transmitting station of the
Department’s Research Laboratories. The model
was operated at 10 m.c. and from these tests
sufficient data was obtained to permit of a com-
mencement being made on the development of
full-sized radiators. After studying many possi-
bilities the development took the form of a
guyed steel structure surmounted by a horizontal
steel top or “armature” of cartwheel form. A
contract for the supply of a radiator of this type
was entered into with Johns & Waygood, of Mel-
bourne, for erection at the Northern Rivers’
Regional Station '=(2NR), near Grafton, N.S.W.
This radiator, which is about to be placed in
service as this issue of the Joulnal goes to pnnt
is described in some detail in an accompanying
article by Mr. R. A. Turner.

Electrically the Northern Rivers’ radiator may
be regarded as having a top (armature) fed
through a loading inductance (tuning coil). The

effect of the loading inductance in series with
the armature is virtually to increase the capacity
of the latter so that, as far as current distribu-
tion is concerned, the armature and coil combina-
tion acts as a termination equivalent to many
feet of mast. The nett effect is a reduction in
height mecessary to produce a given shape of
vertical polar diagram. Theoretically the polar
diagram produced by a vertical mast of optimum
anti-fading height (0.53 of a wavelength) can be
very closely reproduced by a mast thus ‘“loaded”
of much less height, say, 0.3 of a wavelength.
The reduction in height is, however, accompanied
by a reduction in radiation resistance and this
reduction, combined with the loss resistance in
the loading coil, produces a loss of power, mak-
ing it undesirable to carry the reduction too far.
For this reason it is considered practically un-
desirable to reduce the height below 0.35 to 0.4
of a wavelength. The Northern Rivers’ radiator
is 500 feet high, that is, 0.36 of a wavelength,
at the operating frequency of 700 kC. It is con-
sidered that, as far as anti-fading properties are
concerned, the radiator should give a good per-
formance, closely approaching that of a vertical
mast of the optimum anti-fading height, namely,
750 feet, for a freguency of 700 kC. The radia-
tion in the horizontal direction for a given power
input will be not quite as great as that which
could be obtained if the mast were designed for
an optimum power efficiency helght but from
the point of view of providing primary service
coverage for the National Broadecasting Service
the former factor is considered to be the more
important.

Performance tests on the various types of
radiator in use at broadcast stations of the
National Broadcast Service have been made from
time to time and, of course, are continually in
progress. These tests cover field strength mea-
surements from which the ‘“figures of merit” of
the various installations may be obtained, night
fading measurements and tests from aeroplanes
in flight in order to determine vertical polar dia-
grams. Details of the measuring technique and
the results obtained are held over from publica-
tion in this issue, but it is intended that they
be the subject of an article in the next issue
of the Journal.
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NORTHERN RIVERS

HE electrical theory of radiator design is

discussed by Mr. A. McKenzie in this issue

of the “Telecommunication Journal.” The
following matter will give the reader some idea
of the structure recently erected in the vicinity
of Grafton, N.S.W., for the Northern Rivers
Regional Station, which embodies the practice
outlined in the aforementioned article. The
station is situated near the township of Law-
rence, overlooking the Clarence River. The
radiator is now an outstanding feature of the
landscape.

GRAFTON. N.SW. 500 P7. HIGH.
WAGIN WEST. AUST. 650 FT. HiGK

Fig. 1.

The performance of the Grafton Radiator is
not within the scope of this description, which is
concerned mainly with the structural design and
erection.

The Grafton Radiator is of a type not previ-
ously constructed in Australia, the main feature
being a mast insulated from ground and sur-
mounted by an armature evected on insulators.
The structure is in itself the radiator. The mast
carries a stranded copper bond clamped to each
leg and at intervals of 24 feet there is an en-
circling copper strap bonded to the vertical
cables, the complete bonding carrying the R.F.
current, which also passes through a tuning in-
ductor housed in a cabin at the top of the mast.
From the inductor the current leads out through
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STATION-GRAFTON, N.S.W.
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R. A. Turner

an insulator and flows into the armature stand-
ing on insulators on top of the mast. It will
thus be seen that the radiator is in two sections,
coupled together by a tuning inductor. The
inductor is fitted with a wiper arm, adjustment
of which is made by means of a continuous steel
cable extending down one of the mast legs. This
permits the adjustment of the position of the
current node, from any location throughout the
height of the mast during the tuning period.
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The mast illustrated in Fig. 1 is 500
feet high, triangular in section and is guyed
at four heights in three directions. The struc-
ture stands on a group of insulators and the
ouys are sectionalised throughout their length
with insulators. Mounted on top of the mast is
the 60-foot diameter armature, supported by a
group of stand-off insulators. The general
dimensions of the structure are indicated in Fig.
2. The steelwork weighs approximately 50 tons.

The following brief description may indicate
some of the problems of 'design and the main
features of the s