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energy of viscous flow. Rheopectic and thixotropic 
characteristics of materials can also be investigated. 

The next meeting of the club will be held on October 28 
at the Technological Research Station, Spillers, Ltd., 

Station Road, Cambridge, when Dr. J. H. C. Vernon 
(Ministry of Aviation) will speak on "The Rheology of 
Solid Propellants for Rocket Motors". 

E. MARY NICHOLAS 

THE AUSTRALIAN ATOMIC ENERGY COMMISSION 

T HE tenth annual report of the Australian Atomic 
Energy Commission covers the year ended June 30, 

1962, in which the expenditure was £2,803,787 and capital 
expenditure £905,275. Revenue from sales, including 
lease of reactor space, was £83,858, an increase of £28,615 
for the year. The cost of tho exploration for uranium 
carried out by the Bureau of Mineral Resources and by 
Territory Enterprises Pty. Ltd., was £194,000. 

On March 23, 1962, two major new buildings were 
opened by the Prime Minister, the Rt. Hon. R. G. Menzies. 
One was the Reactor Physics Building, housing the low
power research reactor Moata, and the other the building 
devoted to Radiation Biology and Health Physics. Tho 
Hijar Experimental Building, a now Low-Level Radio
chemistry Building, and extensions to tho Isotope Hand
ling Building, also were completed during the period under 
review. In a separate suite at the rear of the main block 
of the Radiochemistry Building is housed the total-body 
monitor, the radiation detector of which consists of a 
large scintillation crystal (8 in. diameter and 4 in. thick) 
of sodium iodide, suspended over tho abdomen of the 
subject seated in a reclining chair. Two heavily shielded 
rooms with facilities for the irradiation of animals or 
biological specimens form part of tho ground-floor of the 
building. One room contains a 10-c. cresium-137 source 
for low dose-rate exposures and the other a 250-kV 
X-ray plant for the delivery of doses of much higher 
levels. 

The reactor research programme was mainly con
centrated on the feasibility study of a high-temperature 
gas-cooled reactor, in which the fuel is dispersed in the 
moderator. Both beryllium metal and beryllium oxide 
have been investigated as moderators, with carbon dioxide 
as coolant. Most work has been done on the metal 
system, but because of the poor economics of the fuel
cycle and the temperature limitations of the metal fuel, 
the oxide or ceramic system is now receiving greater 
consideration. Tho beryllium oxide moderated, all
ceramic fuel reactor seems to hold promise of some 
long-term advantage and it is believed that, provided 
certain design problems can be satisfactorily solved, 
a beryllium oxide based, high-temperature gas-cooled 
reactor should yield lower plant and equipment costs 
than most other gas-cooled systems. It would appear 
that with steels at present available the maximum 
temperature of the carbon dioxide coolant would be about 
750° C, which is a considerable advance on British gas
cooled stations of present design. To assess the value 
of the proposed type of reactor as a power producer, a 
design study for a power plant of not electrical output of 
300 MW has been started. The most difficult mechanical 
1mgineering problem involved is the production of the 
all-ceramic core of the reactor for as yet nobody has 
made any seriotrn attempt to produce a satisfactory core 
based on beryllium oxide for power-station reactors. 
Soveral fuel cycles are being considered, with most 
attention being directed to the uranium-233, thorium, 
beryllium system. but because of lower initial cost and 
greater availability of fuol the plutonium-enriched, 
natural uranium cycle may be preferred for Australia. 

In the annual report for 1961, reference was made to 
the investigation being carried out on the compatibility 
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of steels with carbon dioxide. This is now essentially 
complete. Carbon steels, low alloy steels, and stainle;s 
steels have been studied at high temperatures and pres
sures, and for various moisture contents of the gas, 
and firm recommendations can now be made for the 
most satisfactory materials for use in tho temperature 
range 400°-750° C in the various parts of the gas 
circuit of a reactor. At the Lucas Heights Research 
Establishment some research on semi-conductor radiation 
detectors has been carried out. Silicon-surface barrier 
counters can now be produced quickly and economically, 
and their applications to ex-particle spectrometry and 
for scanning neutron flnx are being studied. Radiation 
standards at the microcurie level for cobalt-60, gold-198, 
sodium-24, iridium-131, antimony-124 and phosphorus-32 
have been developed and intercomparisons with standards 
of other laboratories are to be undertaken. 

For neutron diffraction experiments, there will short,ly 
be available. attached to the reactor Hijar, two powder 
spectrometers, two single crystal spectrometers, and one 
long-wave-length spectrometer. The spectrometers were 
all designed and built at the Lucas Heights Establishment, 
and will be of use to the university groups from Western 
Australia who are interested in the positions of hydrogen 
atoms in organic crystals, and from the University of New 
South Wales who are investigating the defect structurP, of 
titanium-zirconium-oxygen alloys, the structure of in
organic crystals containing hydrogen and the structure 
of magnetic transition-metal alloys. The physics division 
is now operating a neutron time-of-flight spectrometer and 
a second one is in the design stage. They are to be used 
for the measurement of the distribution of neutron 
enorgios within reactor cores. 

There are well-established facilities for the production, 
handling and dispatch of radioisotopes at the Lucas 
Heights Establishment, and the annual demand for those 
produced at the Establishment has increased four-fold. 
Short-lived isotopes, including sodium-24, potassium-42, 
copper-64 and gold-198, which are valuable in medical work 
and industrial investigations, were supplied for the first 
time. The first cobalt-60 was removed from the reactor 
Hijar during September 1961, after approximately 320 
days irradiation. Eighty-eight per cent of the product 
had a radioactivity of more than 50 c. per gram, with a 
maximum of 105 c. per gram. 2,600 c. of the 8,270 c. in 
the batch were used t,o fabricate the first Australian-made 
teletherapy source, which was delivered to St. Vincent's 
Hospital, Sydney, during November 1961. The sales 
value of the 454 shipments of imported radioisotopes was 
£14,400 and the value of radioisotopes produced was 
£12,646. An order for 5,000 c. of cobalt-60 for delivery 
in 1962-3 was received from the Japan Radioisotope 
Association, and there are prospects of additional orders 
from Japan and countries in South-East Asia. The 
Radioisotope Advisory and Consulting Service of the 
Commission has carried out a number of interesting and 
important field and factory investigations using radio
active isotope techniques and these are described in some 
detail in the annual report. 

In May 1962 the Minister for National Development 
announced that the Government had decided to continue 
uranium treatment operations at Rum Jungle after the 
completion of the Combined Development Agency con
tract. This decision was made in the light of the impor
tance of Rum Jungle to the economy of the Northern 
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Territory. Uranium oxide will be available at a competi
tive price, but the Government is prepared to stock-pile 
the output for a number of years should this be necessary. 
Production figures were the highest so far recorded. Mary 
Kathleen Uranium, Ltd., is expected to complete its con
tract with the United Kingdom Atomic Energy Authority 
by the end of 1963. The Radium Hill mine and its 
associated chemical treatment plant at Port Pirie were 
closed during December 1961. Exploration for uranium 
is now virtually confined to existing producers, and the 
Commonwealth's offer to pay rewards for the discovery 
of uranium in Australia and Territories has been with
drawn, with the final reward instalment during the 
year of £14,800 in respect of the Eva deposit at P andamns 
Creek, N.T. 

Visitors to tho Commission and to the Research Estab
lishment during the year under review included Sir 
\Villiam Cook, Sir John Cockroft, Air Chief Marshall Sir 
Claude Pelly, of the United Kingdom Atomic Energy 
Authority; Dr. G. A. Robb of the New Zealand Atomic 
Energy Committee; Dr. P. C. Abersold of the United 
States Atomic Energy Commission and Congressmen 
J. E. van Zandt and 0. E. Teague; Dr. G. A. Siwabessy 
of the Indonesian Institute of Atomic Energy; Dr. 
J . P. Hngo of the South African Atomic Energy Board; 

and Mr. F. R. Herrington and Mr. C. H. Hetherington 
of Atomic Energy of Canada, Ltd. Training for fellows of 
the International Atomic Energy Agency at the Research 
Establishment was continued and a voluntary contribu
tion was made to tho general fund of the Agency to assist 
in its technical assistance programme. The Commission 
published a large number of photographs, leaflets and 
booklets to satisfy the lively public interest in atomic 
energy, in addition to its more scientific and informative 
quarterly journal Atomic Energy. Several major exhibi
tions were presented, including ono at the Sydney Trade 
Fair, and at tho Sydney Town Hall during the convention 
of the Australian Welding Institute, and on nuclear power 
in Porth during May and in Adelaide during June. 

The research programme at Lucas Heights is supple
mented by university research contracts. All the univer
sities in Australia together with tho Commission are 
m embers of the Australian Institute of Nuclear Science 
and Engineering, and each university has research pro
jects supported by Institute grants. Approximately 
fifty research projects involving co-operation with the 
Research Establishment were being sponsored during 
tho period covered by the annual report. Details are 
given in a separate section and in an appendix to the 
report. 

LONG-DISTANCE RADIO COMMUNICATION AT HIGH-FREQUENCIES 

PENDING the application of satellite relays to inter
continental communications, the world's long-distance 

radio services have been developed on high-frequencies or 
short waves, which are reflected from the ionosphere in 
their transmission around the Earth. A survey of the 
present state of technique in this field and of modern 
trends in equipment was conducted by the Electronics 
Division of the Institution of Electrical Engineers at a 
convention on "High-frequency Communication" on 
March 25-27 *. 

This convention was attended by some 290 participants, 
including a number of overseas visitors, and more than 
iiO papers were presented at the eight technical sessions. 
The texts of all contributions and formal papers included 
in tho programme were issued in a preprinted booklet, 
and many of the papers were marked as having been 
accepted for publication in a future issue of the Proceedings 
of the Institution. 
· On the first day, two sessions were held dealing 

respectively with the propagation of high-frequoncy 
,vaves by way of the ionosphere, and with the design of 
aerial systems for the most efficient communication over 
distances both below and above 1,000 km. On the succeed
ing days, tho papers road and discussed related to tho 
various systems used in modern radio-telegraph communi
cation and to the special technical problems associated 
with the development of both fixed and mobile equipment. 
While much ingenuity has gone into the advance design 
of signalling techniques and the automatic correction of 
any errors which ocour in transmission, the limiting factor 
in most long-distance radio links lies in the mode of trans
mission of high-frequency waves by way of the ionosphere . 

For many years now, using a network of ionospheric 
observatories, conditions in the ionosphere have been 
investigated by the well-known technique of sounding at 
vertical incidence. The results of these soundings, which 
in most cases are made day and night throughout the year, 
are exchanged on an international basis, and co-ordinated 
at certain recognized institutions. From these records of 
past measurements, forecasts are made of the high
frequency radio transmission conditions likely to prevail 
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in the future in various parts of tho world. Such forecasts 
havo in general been made for periods of from one to six 
months ahead; but, as the operation of tho observatory 
network extended over one or two sunspot cycles, each of 
about eleven-year periods, it has become possible to 
produce charts for the opochs of maximum and minimum 
solar activity. Interpolation between those epochs was 
assistod by the continuing measurements at a number of 
key stations throughout the world. While such arrange
ments are satisfactory for the long-term planning of 
communication circuits, the performance of these have 
always been subject to erratic, and in many cases 
unexpected, variations in the ionospheric conditions, 
and those have prevented tho use of many radio circuits 
to their full capacity. 

With the view of overcoming this limitation, an 
investigation has been in progress in some countries of 
methods of sounding the ionosphere under oblique 
incidence conditions, and, so far as is practicable, over 
the path of the actual communication circuit in question. 
Such 'oblique ionosphere sounding' as it is termed, is 
effected by using a transmitter emitting pulses on a series 
of increasing frequencies, with synchronizing arrangements 
for maintaining the receiver at the remote station in tune 
with the same series of frequencies. A paper describing 
this technique under the title "Obliquo Sounding and 
H .F. Communications" by R. D. Egan and D. S. Pratt 
was presented at the convention. In the arrangement 
described, the sounder transmitter is set to begin sending 
pulses on a predetermined frequency at a particular time 
within 1 msec after each pulse, the frequency is increased 
in a series of rapid steps so as to cover the entire high
frequency band of 2-32 Mc/sec in a fow seconds. At tho 
receiver, the frequency is kept in step with that of the 
transmitter by electronic digital control after a starting 
signal initiates the sequence of frequency stepping. By 
this means oblique incidence ionograms are produced 
from which the upper and lower limits of frequency which 
can be propagated over the chosen path are readily 
obtained. The authors of the aforementioned paper also 
describe an extension of their research to tho direct 
control of a communication circuit on a 24-h basis, by 
locating a sounder transmitter at the communication 
sending site near Anchorage, Alaska, and a soundor 
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