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were in biology, 102 in chemistry, 37 in geology and 
geophysics, 3 in mathematics, 19 in astronomy, 65 
in low-temperature work and investigations on the 
solid state, 60 (totalling £2,221,896) in nuclear physics, 
90 in technology, 23 in the human sciences, and 24 
(totalling £297,543) in space research. The report 
does not include the list of individual grants exceeding 
£1,000 or more, nor is the analysis of the research 
effort of the Department's research stations given in 
last year's report repeated. 

Expenditure on the Warren Spring Laboratory was 
£402,854 gross, compared with £404,963 in 1959, and 
on the Torry Research Station, Tropical Products 
Institute and Government Chemist, which appear in 
these accounts for the first time, £177,860, £164,051 
and £290,237, respectively. Otherwise, there are 
increases under all the separate heads of expenditure, 
the largest increases being in headquarters adminis
tration (£623,206 from £441,440); the National 
Physical Laboratory (£1,438,776 from £1,285,018); 

building research (£656,975 from £599,931); Geo
logical Survey and Museum (£490,014 from £433,550); 
National Engineering Laboratory (£686,156 from 
£637,299); and road research (£718,056 from 
£618,763). Expenditure on fire research amounted to 
£158,441; on hydraulics research to £175,041; on 
radio research to £239,174; and on water pollution 
research to £137,100. 

Annual grants to research associations amounted to 
£1,761,368 (£1,683,195 in 1959) and special grants to 
£17,823; £1,259,000 was contributed to the European 
Organization for Nuclear Research and £75,333 to 
NATO scientific schemes. Expenditure on head
quarters overseas liaison increased from £113,929 to 
£132,684. Further progress is reported with the 
planned expansion of the staff, which rose by 3 per 
cent from 5,506 to 5,680 during the year, and it is 
estimated that, excluding stations transferred to or 
from the Department, the total staff has increased by 
just under 20 per cent during the past four years. 

THE RADIO RESEARCH STATION, SLOUGH 

T HE Radio Research Station, Slough, gave visitors 
the opportunity of seeing some of its work 

during two open days on May 31 and June 1. Most 
of the Station's work is concerned with radio-wave 
propagation and with the fundamental properties of 
the ionosphere and the troposphere through which 
the waves travel. About half of the work is devoted 
to some aspect of experiments made on rockets and 
artificial satellites. 

Among the exhibits concerned with the propagation 
of very-high-frequency waves through the tropo
sphere was one which showed how the dielectric 
constant of the air had been measured continuously 
in an aeroplane. The measurement was made by 
determining the natural frequency of an open-ended 
electromagnetically resonant cavity. The measured 
distributions of dielectric constant were then related 
to certain aspects of radio wave propagation. Of 
other exhibits concerned with tropospheric propaga
tion one showed a method for determining the 
azimuthal angle of arrival of waves propagated by 
tropospheric scatter from distances beyond the 
horizon, and another showed how the time-delays in 
multipath transmission over a distance of about 35 
miles were being measured. 

Equipment used for recording information about 
the ionosphere over Slough and over outstations at 
Falkland Islands, Singapore and Inverness was 
demonstrated. The results, together with those from 
other ionosphere observatories all over the world, are 
available for the use of all bona fide workers in the 
Station's World Data Centre. This is one of four 
set up in different countries by international agree
ment. One of the exhibits showed how the Research 
Station was making use of these recordings to 
investigate the nature of the ionosphere over the 
polar regions. Conditions of strong absorption 
(blackout) and of sporadic ionization at levels near 
100 km. (Ea) were shown to occur along spiral lines 
fixed in space relative to the Sun. When, as a result 
of the Earth's rotation, any given point on the Earth 
passes beneath one of these spirals, the appropriate 
phenomenon is observed. The two spirals, one for 
the blackout and the other for Ea, curve in opposite 

senses, due, it is thought, to the fact that they are 
caused by the arrival in the atmosphere of particles 
of opposite sign. Another exhibit showed how the 
ionosphere over Halley Bay in Antarctica had varied 
throughout the International Geophysical Year. 

The ionization produced in the ionosphere by the 
Sun's radiation varies throughout the day and the 
season as the angle of the Sun's rays, and possibly 
also the constitution of the atmosphere, changes. If 
changes caused by these two varying quantities could 
be eliminated the density of the ionization might be 
expected to be a measure of the intensity of the solar 
radiation. Methods for removing these variations 
were explained and the way in which the resulting 
'ionospheric indices' varied with time were shown. 
One puzzling result was that the indices both for the 
E and F regions appear to have decreased steadily 
throughout the past 20 years even when the variations 
of the sunspot cycle have been removed. 

The procedure was shown in which a digital com
puter was used to estimate the main parameters 
(height and peak electron content) of the F region 
from a knowledge of these quantities at a few key 
observing stations, and it was explained how this 
might help in the future for forecasting the nature of 
the ionosphere all over the world. 

Once the world-wide F region is known, it is, in 
principle, possible to calculate the different rays by 
which waves will travel, on any frequency, from any 
one point to any other point on the Earth. The 
results of such calculations were compared with 
measurements of pulses received over the range of 
frequencies from senders in Malta and on Ascension 
Island. It is hoped that this kind of calculation, 
extended with the help of a digital computer, might 
lead to a simplified method for planning the fre
quencies used in point-to-point communications. 

Another series of exhibits showed the work of the 
research station in the field of radio measurements. 
A resistive film inserted in a waveguide was used 
in an apparatus for the measurement of microwave 
power. This device had been compared satisfactorily 
with other standards from other laboratories and 
other countries. 
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Realization of the danger of intense radio-wave 
fields has led, recently, to a need for their measure
ment. A method of calibrating field-strength meters 
for these measurements was shown in which the 
intense field was produced in the space between the 
two plates of a 'strip waveguide'. In this way a field 
of the necessary intensity was produced from a 
comparatively feeble source of power and was 
confined to the guide, where it was harmless. 

Other exhibits showed what was being done in 
research concerned with rockets and artificial satel
lites. Observations of the Faraday and Doppler 
effects on the waves emitted from satellites had led to 
deductions about the total electron content of the 
ionosphere overhead. Observations of the orbits of 
satellites were being used to make deductions about 
the density of the upper atmosphere and its varia
tion. 

An experiment to investigate the electron density 
in the ionospheric D region is to be performed in a 
rocket fired from Watheroo in Australia. This 
experiment will be done in collaboration with the 
University of Sheffield. The apparatus in the rocket 
will measure the parameters of a low-frequency wave
field set up above a transmitter radiating waves 
frem the ground on a frequency near 200 kc./s. 
Part of the equipment was shown. 

The Research Station is to collaborate with Canada 
and the United States in an experiment designed to 
investigate the upper side of the ionosphere. In this, 
satellites designed and launched by those working 
in the other countries will carry equipment to sound 
the ionosphere from above. The part of the Radio 
Research Station will be to receive telemetry from 
these satellites at Slough, Falkland Islands and 
Singapore, and to compare the results of the 'topside' 
sounding with the results of sOlmding made at these 
three places from the ground. 

The Research Station is responsible for manning 
and running a station of the 'Minitrack' system set 
up by the Americans on a world-wide basis for the 
tracking of artificial satellites and the reception of 
their telemetry. The equipment is provided on 
loan by the Americans and is installed at a field site 
in Winkfield, about eleven miles from the Research 
Station. The visitors were taken there to see it. 
Measurements of position and records of telemetry 
made at this Station are sent back to America and 
are also available for the use of workers on the Station. 

A World Data Centre for Rockets and Satellites, 
one of three, is run by the Station which is also 
responsible for tracking the position of the more 
important satellites for the use of optical and radio 
observers in Britain. 

THE ROYAL AIRCRAFT ESTABLISHMENT, FARNBOROUGH 

T HE open days held at the Royal Aircraft Estab
lishment, Farnborough, during June 9-10 were 

the first for six years. (The annual Air Show is, of 
course, that of the Society of British Aircraft Con
structors, who hire the airfield for the occasion.) 
They gave a vivid impression of an Establishment 
that can afford to remain silent about its 56 famous 
years of service to scientific aviation (except through 
the single exhibit of a flying S.E.5a, the fighter 
designed at Farnborough of which Britain built 5,000 
in the First World War), presumably because the 
present is so packed with excitement and achievement 
in the Establishment's main fields of transport air
craft, military aircraft, space, weapons, aircraft 
equipment and general research. 

A central display hall, transformed from an aircraft 
hangar into a pavilion with flowers and fountains, 
summed up the whole display. It set out in its first 
illustrated stand the organization of the Royal Air
craft Establishment, with its headquarters at Farn
borough, its second ultra-modern research centre and 
airfield at Bedford, and its well-equipped ranges for 
weapon trials. Subsequent stands, each devoted to 
one of the six main fields just noted, showed by 
models and highly informative backcloths how the 
different kinds of scientist and engineer in the Estab
lishment make their different contributions to each. 
For example, study of transport aircraft problems 
was stated to include work on 'cabin conditioning', 
'engine intake design', 'metal fatigue' and 'com
munications engineering' as four out of some thirty 
separate contributions-and similarly with the other 
fields. Two further stands showed the impressive 
range of major equipment for experimentation which 
the Establishment possesses to help it do its work, 
and the large-scale workshops, drawing-office and 

aircraft-servicing effort that lies behind the scientific 
achievements. 

Both this central hall, and the 108 specialized 
scientific or technological exhibits, showed an Estab
lishment pushing vigorously forward, with all its 
extraordinarily diverse activities concentrated on a 
few clearly defined objectives-to get air transport 
safer, cheaper, faster, more comfortable, more 
reliable, to get for the Army, Royal Navy and Royal 
Air Force a complete range of aircraft and weapons 
which will use the latest scientific advances to meet 
economically the needs of war as they are now 
envisaged, to develop continually improved aircraft 
equipment for navigation, reconnaissance, communi
cations, power generation, automatic control and 
even landing, and to ensure that in spite of a late 
start Britain reaps the benefits of operations in space. 
Inquiries showed that the extent of 'space' activity, 
not only on the development of launching vehicles 
based on Blue Streak but also on the technology of 
satellites themselves, with special emphasis on a 
satellite system for world-wide communications, 
would almost justify a re-christening as the 'Royal 
Aircraft and Spacecraft Establishment'. 

In advanced scientific research the variety of 
activity was astounding. For example, supersonic 
and hypersonic aerodynamics were to be expected, 
but the strength of the Farnborough school of low
speed aerodynamic research was equally evident, and 
remains equally necessary. The complexity of its 
subject-matter was exemplified by a wind-tunnel 
investigation of the effect of ground proximity on 
the lift of an aircraft model with swivelling jets, after 
the manner of the Hawker P.1l27 vertical-take-off 
strike aircraft. Equally the 'slender-delta' designs of 
supersonic airliner have demanded for the solution of 


	THE RADIO RESEARCH STATION, SLOUGH

