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editorial

Many factors contributed to the delays in
the printing and distribution of the first issue,
in many instances copies did not arrive in time
to permit reasoned comment for publication
in this issue. However, the editorial board met
in London in February to discuss the general
make-up of the journal and its future policy
and they were able to present a fairly represent-

ative interpretation of the comments received.

A summary of these will be found in the
newsfront section.

First issues are always a problem, but now

that we have overcome that particular obstacle
and arranged firm printing and production
schedules, future issues should appear promptlv
at the beginning of each quarter, —
July, October, and December, although we
might decide to delay the December issue in
order that we may report the Christmas cele-
brations in the various establishments.

The content of future issues will maintain
the same basic formula of four or five technical
articles, features, articles of general interest,
further explanation of the organisation of SRC
and a section which deals informally with news
of people and interesting events.

It must be remembered that our brief is to
produce a “house” journal. We do not set out
to present a glossy image of SRC to the outside
world; copies of the journal are intended for
SRC distribution only.

We will endeavour to maintain a balanced
content, but this will not be a prime consider-
ation. For example, the first edition was
predominantly astronomy but in a future
edition when for instance we deal with a history
of the Rutherford Laboratory, the content may
be overwhelmingly high energy physics. We
make no apologies for this, we have a broad
spectrum of choice and it would be a pity
to be restricted by fears of parochial affront.

‘we must grant the artist his subject, his idea, his donné : our criticism is applied only to what he

makes of it’.
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The origins & objectives of the SR C

Part 2
The London Office

In the first issue, we described how Council’s
work is organised through its Boards.

The work of the oftice is carried out through
five divisions whose functions are illustrated by
the chart.

The cost of this administration, including
the fees and expenses of Council, Board, and
Committee members represents about two per-
cent of the expenditure of the SRC. In the
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profile

Professor Sir Ewart Jones F.R.S.

Wayneflete Professor of Chemistry at Oxford
University since 1965 and a Fellow of Magdalen
College, Professor Jones is the Chairman of the
University Science and Technology Board. Prior
to the merger in 1965, he was a member of the
Council for Scientific and Industrial Research
and Chairman of the Research Grants
Committee.

Born in 1911 in Wrexham, Professor Jones
was educated at Grove Park School, Wrexham,
the University College of North Wales and the
University of Manchester.

Professor Jones obtained his first teaching
post at the age of 27 when he was appointed
Assistant Lecturer in Organic Chemistry at the
Imperial College of Science and Technology.
Soon after the outbreak of war, the Head of
Department, Professor Heilbron became heavily
involved in work at the Ministry of Supply and
the Ministry of Aircraft Production and
Professor Jones gradually had to take over the
responsibility of running the Department.

Those years were exciting in many respects
and whilst the world seemed bent upon its own
destruction, it also had the effect of persuading
many would-be undergraduates who might
otherwise have applied for universities in the
provinces, to remain in London close to their
families. With the result that Imperial College
produced a vintage crop of Chemistry gradu-
ates. Many of these one-time students of
Professor Jones’ now occupy Chairs of
Chemistry at universities throughout the
country. The Professor, recalling those hectic
war years, when in addition to his normal
tutorial duties, he trained nearly 2000 Gas
Identification Officers, commented ruefully, ‘like
the Windmill, we seemed never to close!’

Professor Jones returned to Manchester
University in 1947 as Head of the Department
of Chemistry. He was the first Arthur D. Little
visiting professor at the Massachusetts Institute
of Technology in 1952 and since then has given
lecture series at Illinois UCLA, Edmonton,
New South Wales, etc. He has been awarded
the Meldola (Royal Inst. of Chem.) 1940,
Fritzshe (American Chem. Soc.) 1962 and Davy
(Royal Soc.) 1966 Medals and honorary doctor-
ates from several universities. He has been very
active in the affairs of the Chemical Society,
was its president from 1964-66 and is now
Chairman of its Publications Board.

The Professor lives on the outskirts of
Oxford, is married with a son and two
daughters, all involved in academic careers.
Recreation figures but lightly in the Professor’s
life; in his own words, he is fond of music,
especially opera, likes walking in the country-
side, gardening and photography, but has not
time yet to take any pastime seriously.




The European Organizatio
for Nuclear Research

Rebuilding and reconstruction were the pre-
occupations of the post-war years. New homes,
new roads, new factories, new schools, new
universities, new institutions. Replacement was
not enough, the world had changed fundament-
ally. Socially the countries of Europe were
going through a period of rapid evolution: at
the political level, new alliances were being
sought under the spectre of atomic energy.

Science had come down from its ivory tower
with a vengeance, and physics, even to the lay
man, was no longer a subject of purely
academic interest but a dominating force in
~ the world.

The balance of power was not wholly vested
in the bomb. For the first time the relation
between science and industry was concerning
the leaders of European countries. The popular
phrase “technological gap” had yet to be coined,
but the disparities in technological achievement
particularly between the United States and
Europe were becoming appreciated. It was also
being realized that a basic element in this
difference was research.

In the late 1940’s and the early 1950’s the
distinctions between the various aims of
research were not always understood but atomic
energy was recognized by all as a major growth
point, offering on the one hand opportunities
for discovery and development and on the
other, the possibility of major commercial and
political gain.

Edwin. N. Shaw

Even before the end of the war the UK had
decided to establish its own independent nuclear
weapon which later extended to an independent
nuclear power industry with the consequent
imposition of secrecy restrictions of military
and then commercial origins.

Pure Research

This approach was to be followed elsewhere.
But there was an early recognition that high
energy physics was a field apart. Here was a
subject where the old rules of science, of
collaboration, of exchange, of co-operation, of
openness, of mutual interest could still apply.
Burgeoning out from the confused but wealthy
springs of atomic energy the study of the
fundamental nature of matter could become
again, natural philosophy.

There was however a fundamental change
coming over the science itself. Until the advent
of the first major accelerator, the majority of
new discoveries in the sub-nuclear range had
come from the study of cosmic rays where the
basic equipment was cheap and the means of
research available to all. The arrival of the big
accelerators changed all this, and physicists in
Europe realized that if they were to have at
their disposal, machines of comparable power
and comparable interest to those which were
being developed in the United States and the
Soviet Union then a combined effort was going
to be necessary. The urgency was perhaps less



felt in the United Kingdom in view of the
existence of the Harwell cyclotron, the
Liverpool project, the Birmingham synchrotron
project and the operation of the first 5 MeV
electron linear accelerator at Malvern.

First Negotiations

Stimulated principally by Professors Auger
and Amaldi, UNESCO took upon itself the
job of bringing together the European govern-
ments to discuss the possibility of setting up a
joint European nuclear research establishment.
There was probably at that time in non-
scientific circles some uncertainty as to its real
raison d'étre and the possible applications of
its work, although it was recognized from the
beginning that the time-scale associated with
such applications would be long.

Amongst the scientists however there was little
confusion—indeed the overall unanimity was
remarkable. It was the sub-nuclear world that
was of the greatest importance and the supreme
purpose; the science itself and not the applic-
ations. So it is today.

At the UNESCO meeting in December 1951
and February 1952 the UK delegation led by
Prof. G. P. Thomson was not completely in line
with the other countries, as the UK was
advocating the utilization by Europe of the
laboratory being built at Liverpool. Some
European participation at Liverpool was forth-
coming, but when a Convention setting up a
provisional Conseil Européen pour la Recherche
Nucléaire (CERN) was signed at the second
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A neutrino event in the heavy liquid bubble
chamber.

UNESCO meeting, the UK retained the status
of observer. This did not prevent UK scientists
from taking an active part in the project and
the report of Sir John Cockcroft in the Spring
of 1952 on the progress that was being made
with the Brookhaven machine was a profound
stimulus. In the event, the Conseil was able at
its sixth meeting in July 1953 (attended by UK
‘observers’) to agree a Convention establishing
the European Organization for Nuclear
Research (still called CERN).

In this interim period whilst Britain was
clearly differentiated from the signatories to the
provisional Convention, Prof. Blackett was a
prominent figure in the discussions as was
F. Goward from the Harwell accelerator group.
UK sympathy was expressed by a gift of money
to the Conseil made by Sir Ben Lockspeiser
(then Secretary of DSIR) who was personally
active in the drafting of the final Convention.
Sir Ben was made Chairman of the first admin-
istrative and finance Committee and following
the ratifications, became the first President of
Council when in September 1954 the new
Organization came into formal existence.

Britain was the first country to ratify the
permanent Convention, eleven other states
quickly following, viz : Belgium, Denmark,
Fed. Rep. Germany, France, Greece, Italy,
Netherlands, Norway, Sweden, Switzerland and
Yugoslavia. The following year, Austria be-
came a member of CERN and in 1961 Spain
making the total 14. In June 1962 Yugoslavia
had to withdraw owing to financial difficulties
but retained the status of observer in company
with Poland and Turkey.

Start of Construction

The Convention stipulated that two machines
were to be built at the new laboratory near
Geneva, one a Synchro-cyclotron of 600 MeV
and the second a Proton Synchrotron whose
energy was finally scaled up to 28 GeV. It was
natural that British design teams should play a
dominant role because only Britain in the early
1950’s had had an opportunity of large scale
accelerator design and construction. The early
proton synchrotron group had in fact been set
up under Prof. Dahl of Germany, but his deputy
was F. Goward of the UK and under him J.
Adams. The major influx of UK people was in
October 1953 and for a time the comment
could be heard in Geneva that CERN was that
British laboratory out at Meyrin,



In the Organization, Adams was made head
of the Proton Synchrotron Division and with
the death of Prof. Bakker in 1960, became
Director General. It is interesting to note also
that the first experiments on both the synchro-
cyclotron after it came into operation in
September 1957 and then 2 years later on the
P.S. itself were made by teams led by Prof.
A. W. Merrison now of Liverpool (Director of
DNPL) in conjunction with Prof. Fidecaro.
UK contribution

UK participation therefore in the growth of
CERN during the first years was heavy, not
to say massive, but the demands made by the
design and commissioning of Nimrod and its
subsequent operation, followed by Nina, led to
a smaller use of the experimental facilities than
might have been expected.

The UK financial contribution is based
simply upon its net national revenue in com-
parison with the other member countries and
is currently established at 22.16%. This remains
fixed regardless of the number of UK employees
at CERN (10%) or the number of experiments
made on the machines. Similarly there is no
correlation between this investment and the
number of contracts which are placed with UK
companies. Contracts are placed by CERN for
equipment on a straight-forward price basis
providing that technical competence and de-
livery times are also acceptable. Concern has
been expressed in the UK for example, by the
special Committee of the British Nuclear
Forum at the small number of contracts going
to Britain (amounting since 1952 to approxi-
mately 439% of the total) but this is an
expression of lack of interest on the part of
British industry rather than evidence of any
differentiation or absence of technical compet-
ence in the UK

Developments at Meyrin

The second major step in the development of
CERN Meyrin was the decision by the CERN
Council in December 1965 to add to the 28
GeV Proton Synchrotron (PS), Intersecting
Storage Rings (ISR) to allow collision beam
physics to be undertaken at a centre of mass
energy of 56 GeV. To achieve the same inter-
action energy in a conventional accelerator
using a stationery target would require a beam
energy of 1700 GeV. The British at that time
gained the reputation of being luke-warm on
the project and adopting the same un-European

attitude that had been adopted towards
Euratom and certain ENEA projects.

It was not generally realized that for legiti-
mate scientific reasons, UK physicists were in
general more anxious to go ahead with a 300
GeV accelerator and feared that the inter-
position of this major project——costing more
than twice the original PS—would prejudice
the chances of the next big accelerator. The
present postponement of a decision on this
project, partly as a result of the need to
reconsider UK overseas commitments in the
light of devaluation, gives some point to this
attitude. It should neverthless be said that the
ISR which are scheduled for completion in
1971 look progressively more and more attract-
ive and should provide Europe with a quite
unique experimental machine for much of the
1970’s.

In addition the ‘improvements programme’ to
augment the performance of the PS is now
getting under way. During the coming summer
shut-down, the new PS power supply will be
coupled in, allowing a threefold increase in
repetition rate. Work has begun too on the
booster injector which will raise the injection
energy into the main ring from the 50 MeV
output of the linear accelerator to 800 MeV.
This will allow a tenfold increase in the beam
current. Other immediate projects of a major
nature include the installation of Gargamelle,
the 12m® French heavy liquid bubble cham-
ber at the end of the neutrino line, for start up
in 1969, and the big European bubble chamber
to which France, Germany and CERN are each
contributing one third. This 3.7 m, 22 m® hydro-
gen chamber with a superconducting main
magnet is scheduled to go into operation at
the end of 1971.

CERN’s contribution

The world of fundamental physics has under-
gone startling changes in the years since CERN
was first conceived. At that time the number of
so called fundamental particles was small and
the number of anomalies in their apparent be-
haviour sufficiently restricted for there to be
hope that elucidation would follow in a reason-
ably short period. But, as has happened so
often before in physics, an era of apparent
order has given place to a period of growing
confusion.



The number of so-called fundamental
particles or resonances now approaches 200
and we are still some way from providing a
sufficiently clear pattern of experimental
evidence for adequate theoretical explanations
to be forthcoming.

In this scene of mounting complexity, and
mounting interest, CERN has enabled European
physicists to play a leading role. It is not so
much that individual experiments conducted at
CERN are unique in the world as that in the
growing pool of knowledge, the contribution of
physicists in Europe, working with the CERN
machines, has been at least on a par with that
from other laboratories. Certain experiments,
have, perhaps, become a CERN speciality such
as muon physics including its electron and Beta
decay and the measurement of the gyromag-
netic ratio to ever increasing accuracy to
determine in what way the muon can be
distinguished from the electron other than by
its mass. The missing mass spectrometer has
provided direct information of the existence of
many resonances which could be said to bear
a specific CERN hall-mark.

Probably the most publicised experiment at
CERN was the one which gave the negative
result that charge conjugation was not violated
in the three pion decay of the eta meson—the
statistics of the CERN experiment being an
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order of magnitude better than those obtained
in the US upon which provisional evidence of
such violation was based. The existence of a
sudden change at approximately 10 GeV of the
proton-proton wide angle scattering cross-
reaction is another result where CERN’s effort
has been dominant as also in the use of
polarized targets. The very recent run of
neutrino experiments is also unique and the
analysis of the 90 free proton-neutrino events
photographed during the period is awaited with
keen anticipation. Nevertheless this is a field
where world research moves forward together.

CERN has made many contributions also to
theoretical advance but, so great is the
collaboration between the senior laboratories,
the distinctions between them and their results
are continually blurred. It suffices to say that
in the big league of world sub-nuclear physics,
CERN is considered to be among the leaders
—even perhaps at this moment, the top
laboratory.
Maintaining Impetus

Its position does of course depend upon the
machinery it has at its disposal and the quality
of the physicists who come to use it. The
majority of these are from the universities and
research centers of Europe and the process is
one of positive feedback; the better the
machines, the better the physicists, and the
better the physicists the better the work done
on the machines. So it is natural that with a
70 GeV accelerator coming into operation at
Serpukhov in the Soviet Union and work going
ahead rapidly on the 200/400 BeV American
machine, there should be anxiety amongst
European physicists over delays in reaching a
decision on the 300 GeV project.

Undoubtedly the attitude of the UK is
crucial. From the scientific point of view a clear
answer in favour of the project has been given;
the vital question remaining is finance. Whilst
only 3 countries have stated their intention of
joining the project so far—Austria, Belgium
and France, there seems little doubt that a
clear cut assent on behalf of the UK could be
decisive in influencing the remaining nine. As
in the past, so in the present, Britain is in a
position to play a key role in the future of
CERN.

Left.  Braracourcix, an experimental super-
conducting magnet for tests prior to freezing
the 3.7 m bubble chamber design.
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B G. w. Gardiner

Situated in the grounds of Ditton Park, a ‘Domesday’ manor on the edge of Slough in Bucking-
hamshire the station is bounded by the A4 and Slough to the North and the M4 which runs
within feet of the South entrance. Windsor Castle and Eton College chapel are visible when winter
denudes the screen of trees, London Airport is a too-close 7 miles away and Reading lies 20 miles

to the West. :

For nearly fifty years Ditton Park has been
the scene of continuing investigations into the
problems of radio propagation and allied sub-
jects; dating back to the formation in 1920 of
the Radio Research Board which was con-
stituted under the DSIR to ‘direct any research
of a fundamental nature that may be required,
and any investigation having a civilian as well
as a military interest’.

The Board first met in February of 1920 and
as a result, four sub-committees were formed
to deal with Propagation, Atmospherics, Direct-
ion Finding, and Thermionic Valves. Among the
famous people composing the first board were
Lord Rutherford and Admiral of the Fleet Sir
Henry Jackson, who was perhaps mainly
responsible for the station being sited at Ditton
Park. On the sub-committees were more famous
names, among them Appleton, Smith-Rose and
Watson-Watt. Admiral Jackson, the first Chair-
man was an enthusiastic and successful experi-
menter in wireless signalling; he was outstripped
by Marconi and probably hindered by the need
to observe security regulations, but his interest
in the subject never flagged. It is said that
during the nine years of his chairmanship he
personally read every official paper produced
by the Board’s research workers.

In 1920 the Ditton Park site was manned by
one scientific officer and an assistant, under the
supervision of the NPL. A year later a trans-
lator with scientific qualifications joined them
to produce abstracts for monthly circulation.
The work was mainly concerned with studies
of field strength measurements and methods of
screening units and groups of apparatus from
electro-magnetic fields.

In some of the early screening experiments,
a large iron pipe was used as a temporary
laboratory and it is recalled that visitors to the
site were often mystified by the apparent dis-
appearance of scientists engaged on the work.
At one instant someone was visible in the Park
then they seemed to disappear without trace,
although the field was, like Prospero’s Isle, full
of noises emanating from this curious work-
shop!

Results of the work on direction finding were
published in 1922 in the first of a series of
special reports. Further studies were made of
screening and ‘experiments which are likely to
lead to valuable results have been made with
a coil rotatable about a horizontal axis’. This
was work on the angle of arrival of RF energy,
a type of investigation shortly to yield results
of fundamental importance. Another directional



experiment at this time was the simultaneous
location by receivers at Ditton Park and
Orfordness in East Anglia of a sender installed
on ‘a vessel of the Great Eastern Railway
Company’. By this time the Board constituted
five sub-committees, a further one having been
formed to consider problems in wireless
telephony. That year, at the International Con-
ference on Scientific Wireless Telegraphy, it
was decided to adopt the committee’s pro-
gramme as suitable for international research.

The years 1925-27 were of great importance
to the science of Geophysics because it was
in that period that Appleton and his co-workers
proved the existence of an ionised layer at a
height of about 80 Km., soon to be followed
by the discovery of a further layer at a height
of some 250 Km. Workers at Ditton Park had
provided a great deal of the substantiating
evidence relating to the existence of the
ionosphere (christened thus by Watson-Watt)
which was to occupy the attention of research
workers for many years to come.

Two events occurred at the end of this
period which had a profound effect on the
workers at Ditton Park. The trinity of Direction
Finding, Field Strength and Atmospheric Re-
search were combined to form the Radio
Research Station with Watson-Watt as Super-
intendent. The second event was a catastrophic
fire which destroyed the Station’s 210ft. wooden
lattice tower and many of the surrounding
buildings. A quote in caustic terms by Watson-
Watt in a contemporary issue of the local
newspaper seems to sum up the situation.
‘. ..arrived in time to do nothing useful but to
watch the local fire brigade do a remarkable
amount of needless damage!’

In the course of observing the ionosphere, it
had been noticed that reflections were obtain-
able at nearly vertical incidence, so it was
arranged that a transmitter and receiver be
placed a short distance apart, one at Ditton
Park and the other four miles away in Windsor
Great Park. A series of experimental measure-
ments of heights and densities of ionised
layers was undertaken which gradually
developed into an observational routine.

Meantime, a method of ionospheric investi-
gation using radio wave pulses had been started
in America and experiments were made at
Slough to compare it with the continuous wave

method employed by Appleton. The first trans-
mitter was based on a simple, self-pulsing valve
oscillator derived from a time base circuit
produced at Slough for a Cathode Ray
Oscillograph. This device was the ancestor of
the modern automatic ionospheric sounding
equipment.

It was eventually operated exclusively at
Slough and when, shortly afterwards, an
improved pulse transmitter developed by
Ratcliffe and White was installed, the Ion-
ospheric Laboratory may be said to have been
truly established.

During the Second International Polar Year
(1932-33), a party from Ditton Park operated
equipment from Tromso and a loan of equip-
ment was also made to Ratcliffe of the
Cavendish Laboratory in Cambridge. Subse-
quent analysis of the collected data suggested
that solar ultra-violet light accounted for the
normal ionisation of the two main regions of
the ionosphere and for the daily and seasonal
variations. Abnormalities at lower levels might
be due to charged particles entering the atmos-
phere and being acted upon by the earth’s
magnetic field. There was found to be a high
correlation between thunderstorm activity and
an increase in ionisation in the lower layer.

1933 saw the amalgamation of RRS and the
Wireless Division of NPL to become the Radio
Department, with Watson-Watt as Superintend-
ent. Two years later, in January of 1935,
Watson-Watt was approached by H. E.
Wimperis of the Air Ministry to investigate the
possibility of radiating energy at a sufficient
flux density to cause damage to an aircraft or
its occupants—the dreaded “Death Ray” of
science fiction!

The impracticability of the suggestion was
demonstrated when it was shown that to raise
the body temperature of a man 600 yards away
by two degrees in ten minutes, would require
5,000 MW of power. Even if practical trans-
mitting powers were considered, the size of the
aerial system to give the same effective radiated
power, would have been prohibitive. These
facts were communicated to the Air Ministry by
Watson-Watt and in a final paragraph he said
‘Meanwhile, attention is being turned to the
still difficult, but less unpromising problem of
radio detection . . . and numerical considerations
on the method of detection by reflected radio
waves will be submitted when required.’



The AM was intensely interested in these
‘numerical considerations’ and required them as
soon as possible. Watson-Watt and co-worker
Wilkins (now Deputy Director of RSRS) there-
fore calculated the amount of energy capable
of being reflected from an aircraft when it was
illuminated by realisable transmitter powers.
The answers gave them grounds for supposing
that a detection scheme was practicable even
if the results were an order of magnitude
smaller than predicted. Consequently on
February 12th 1935 Watson-Watt prepared a
draft memorandum entitled ‘Detection and
Location of Aircraft by Radio Methods’.

This communication has been called one of
the most prophetic scientific documents ever
produced. It stated the case for detection by
reflected radio energy; showed the importance
of pulse techniques in determining distance,
and proposed the use of rotating beams to
provide a system showing range and direction
on a cathode ray oscilloscope display at a single
station. The eventual desirability of using
shorter wavelengths and a possible means of
distinguishing between friend and foe was also
considered.

The memo had an immediate effect upon
the defence experts and an ad hoc experiment
was arranged for the 26th February. Apparatus
from Ditton Park, was positioned near the
BBC’s 50m transmitter at Daventry which was
to provide the energy to illuminate a Heyford
aircraft which was to fly on a pre-arranged
course along the axis of the beam transmitted
from Daventry.

Watson-Watt and A. P. Rowe of the Air
Ministry, together with an assembly of defence
experts were to watch the experiment. At 0945
hrs. on February 26th the aircraft duly
appeared, not quite on the pre-arranged course,
but near enough to reflect detectable energy
into the receiver and a detection range of eight
miles was estimated.

‘Considering the crude nature of the appar-
atus and the lack of preparation, the results
obtained were quite creditable’. Rowe was
moved to exclaim that it was the most success-
ful experiment he had ever witnessed. ‘It was
clear to all who watched the tube on that
occasion that we were at the beginning of great
developments in the art of air defence’. (A
more detailed account of the experiment is
contained in an article Wilkins wrote for
Electronic Engineering). (Vol. 30, 1958).
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An immediate result of the experiment was
a strict security blanket and the movement of
the relevant staff to Orfordness in East Suffolk
where they formed the nucleus from which grew
the vast complex of radar. The original appar-
atus used in that experiment was rescued from
a store hut in Ditton Park, refurbished and
presented to the Science Museum in 1958. For
the benefit of the technically minded, the equip-
ment was essentially a receiving system so
arranged that the main Daventry signal was
minimized. However, the Daventry signal
reflected from the aircraft, arrived at a different
angle to the aerial system, so was not much
affected, and a signal appeared in the receiver
which was displayed on the cathode ray
oscilloscope.

The outbreak of war accelerated the evolut-
ion of the Ionospheric Forecasting Service to
supply predictions of parameters to aid long-
distance communication. The observatory
which originated in the early ’30’s gradually
acquired improved techniques which covered a
range of ionospheric sounding from 0.5 to 20
Mc/s made at hourly intervals and recorded
photographically.

The original sounding apparatus was oper-
ated manually and had a range of 2.5 to 5 Mc/s
in steps of .1 Mc/s. The sounder of the mid-
40’s was not unlike present equipment, in which
transmitter and receiver are kept in tune
electromechanically, whilst the apparatus
sweeps over the 20 Mc/s scan in about five
minutes. It was at this time that an Tonospheric
Substation was installed at the BBC trans-
mitting station at Burghead, Scotland to provide
additional information for the prediction
service.

After the war it was realised that it was time
to consider a revised programme of research
more suited to the estimated needs of the
future and in 1946 a report was submitted by
the Board to the Committee of the Council
for Scientific and Industrial Research.

It was implicit in this report that the direct
connection which had long existed between
the Radio Research Station and the National
Physical Laboratory should cease and that the
Department should have its own director. This
was agreed and the Radio Research Organis-
ation was formed with Dr. R. L. Smith-Rose
as its first director.



First chairman of Radio
Research Board. Admiral of
Fleet 1919.

Pioneer worker in wireless
telegraphy. Responsible for
equipment of many naval
vessels with wireless installations
1900.

£ : B |
Sir Henry Jackson, F.R.S.

Sir Robert Watsonatt, F.R.S.

Superintendent Radio Re-
search Stations DSIR 1921-33;
Supt. Radio Dept. NPL 1933-36;
Supt. Bawdsey R.S. 1936-38.
Director of Communications
Development  Air  Ministry
1938-40. Responsible for de-
velopment of UK radar systems.

\
Dr. R. L. Smith-Rose.

Superintendent RRS 1936-48.
Pioneer work in radio direction
finding and study of radio wave
propagation.  First  Director
Radio Research Organisation
1948. Ret. 1960. President In-
ternational  Scientific  Radio
Union 1960-63.

Some of the famous people who have been associated with R.S.R.S.

Member of original Radio
Research  Board. Chairman
Advisory Council DSIR 1930.
Pioneer worker in radio trans-
mission.  Disintegrated the
nitrogen atom with alpha
particles from radium. Nobel
Prize for Chemistry 1908,

Lord Rutherford of Nelson,F.R.S.

Director R.S.R.S. 1960-1966.
Hon. Fellow of Sidney Sussex
College and formerly Reader in
Physics at Cambridge Univer-
sity. Associated with Appleton
in pioneer studies of the
ionosphere.

J. A. Ratcliffe, F.R.S.

Secretary D.S.LR.  1939-49;
Principal and Vice-Chancellor
of the University of Edinburgh.
Played major part in creation
of science of ionospheric physics.
Nobel Prize for physics 1947.

Sir Edward Appleton.




A number of outstations had already been
set up and now more followed; the ionospheric
observatory at Burghead was closed and
replaced by one near Fraserburgh. In the
southern hemisphere at Port Stanley, Falkland
Islands, RRS personnel took over in 1947 an
ionosonde station previously operated by the
Royal Navy. In the next year, a similar install-
ation commenced operation in Singapore for
measurements in the equatorial region. In
March of the same year the operation of low-
powered apparatus at Port Lockroy in Graham-
land provided the first ionospheric observations
ever to be made in Antarctica. Nearer home,
sites at nearby Sunnymeads and Winkfield were
being used for directional measurements.

The increasing diversity of the work being
handled by the Station accelerated the decision
to build a new laboratory capable of combining
the facilities previously supplied by the NPL
with those existing at Ditton Park. There were
known technical disadvantages attached to the
Slough site and for some years, a thorough
examination of alternative sites had been made;
however, the investigations provided nothing
materially superior to Slough so a start was
made on a new laboratory in the West Park of
Ditton Park in 1954. It was inaugurated with
due ceremony in June 1656 and the man in-
vited to perform the ceremony was Sir Edward
Appleton who had long been associated with
the Department and had made many great
contributions to ionospheric research.

The International Polar Year of 1882-83 had
been followed half a century later by a similar
venture in 1932-33, in which staff and apparatus
from RRS played a significant part. These two
events had taken place at periods of minimal
sunspot activity; now, after a period of twenty-
five years, an International Geophysical Year
was planned. This was to be a programme of
observation and experiment not confined to the
Polar regions, but extending over the whole
globe during a period of sunspot maximum.

Within two weeks of being officially opened,
the Station was thus committed to play a most
important part in the enterprise. One of the
four World Data Centres for the collection and
exchange of ionospheric information was
established at Slough and the activities of RRS
now ranged from Singapore and Nigeria to
South America and the Antarctic.
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On the 4th October 1957 SPUTNIK, the first
artificial earth satellite began to orbit the earth,
so providing a completely new tool for investi-
gating the earth’s environment. Whereas to
some it appeared as a prodigy of fear and a
portent’, to the Ditton Park workers it was an
opportunity for a quickly contrived experiment
in which bearings were taken on the satellite’s
transmitter. The apparatus used was the
cathode ray direction finder, a device invented
by RRS.

It is true to say that ever since about 1894
when Lodge used ‘Hertz wave’ methods in an
attempt to detect long wave emission from the
sun, radio workers have been concerned with
events outside the immediate atmosphere. All
the ionospheric work and the solar noise experi-
ments of 1948 have made space science no new
thing to Ditton Park, but now it was possible
to place apparatus actually within these regions.

SPACE was added to the Station’s title in
1965, appropriately because of the considerable
interest in research on the propagation of radio
waves through the troposphere and ionosphere,
which had now been extended to include
regions beyond the ionosphere.

In addition to what might be regarded as
classical studies of propagation and their
application to communication problems, new
techniques arising from the developments in
space research began to be used to improve the
knowledge of the properties of the atmosphere
important for an understanding of propagation
phenomena and to undertake basic investigat-
ions of solar-terrestial relationships.

Currently about half of the work of the
Station is concerned with space research; it
has its own experiments flying in rockets and
satellites. The satellite orbit prediction service
co-operates with others on a world-wide basis
and at the outstation at Winkfield, R.S.R.S.
controls the main UK. centre for satellite track-
ing and data acquisition.

So to 1968—forty-eight years of develop-
ment, accelerated by two World Wars and a
sphere of polished metal whose plaintive ‘bleep-
bleep’ fired the imagination of the world.

The staff at Ditton Park has grown from the
original two workers to almost 300. In recent
years the output of papers published by the
Station has risen to about fifty, covering sub-
jects infinitely more diverse than those earlier
contributions so carefully studied by Admiral
Jackson.



P. F. Smith
D. B. Thomas

Rutherford High Energy Laboratory

In recent years in the high energy physics
laboratories of the world, a large number of
elementary sub-nuclear particles have been dis-
covered by studying the interactions produced
when suitable targets are bombarded with
beams of charged particles from giant acceler-
ators. These accelerators and their associated
equipment use highly sophisticated experimental
techniques, which rely on the use of magnetic
fields in a variety of ways.

For example, during acceleration in a proton
synchrotron, the particle beam is confined to a
closed circular orbit by a ring of powerful
electro-magnets. After acceleration, the primary
beam can be either extracted from this circular
orbit and directed at a target, or made to
impinge on a target in the machine. In both
cases secondary particles are produced and
these have to be transported to experimental
equipment often situated a hundred feet or so
from the accelerator. Here again magnetic fields
play an important part, magnetic lenses provide
the necessary focusing; and bending magnets
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Sketch of NIMROD, Rutherford’s 7 GeV Proton
lS.ynchrotron showing a typical arrangement of beam
ines.

superconducting magnets
in high energy physics

are used to steer the particles along the desired
paths. In other experiments, separated beams
consisting only of particles of the desired type
and momentum are selected from the wide
spectrum of secondary particles. For such
beams, a bending magnet with collimating slits
is used in an analogous fashion to a glass
prism in an optical spectrometer. In the nuclear
experiments themselves, the momenta of par-
ticles created by interactions within the experi-
mental apparatus can often be determined by
measuring the actual curvature of the paths of
the particles in a known magnetic field. An
elegant example of this type of apparatus is
the bubble chamber, where the curved tracks
of charged particles can be seen as lines of
minute bubbles in a superheated liquid. The
entire liquid volume is immersed in a high
magnetic field and measurement of stereo
photographs of the curved tracks allows the
momenta of the particles to be calculated.
Any technological breakthrough in the gener-
ation of higher magnetic fields would have a



substantial impact on the instrumentation of
high energy physics, particularly so if economies
also resulted in terms of reduced capital outlay
or running costs. So far virtually all the require-
ments for magnetic fields have been fulfilled
by using conventional electromagnets with steel
yokes, usually providing fields in the range 10
tﬁ 20 kgauss; above this, the steel saturates and
the power requirements increase sharply. Be-
cause of this, fields in the region of 30 to 200
kgauss, although technically feasible, have not
hitherto been generally available because of
their excessive cost.

In 1961 a spectacular advance occurred with
the discovery of several new superconducting
alloys which, at very low temperatures, would
carry very large steady currents in high mag-
netic fields with no dissipation of electrical
power whatsoever. The potential significance
of this led to development programmes of
superconducting magnets being initiated in
many nuclear physics laboratories, and also in
other fields such as plasma physics, magneto-
hydrodynamics, power transmission and energy
storage for space research.

In spite of considerable technical difficulties,
much progress has been made, and already a
liquid helium bubble chamber of 10 inches
diameter equipped with a pair of superconduct-
ing coils giving a field of over 40 kgauss has
been used in nuclear physics experiments at
Argonne National Laboratory in America. A
polarized target with a superconducting magnet
has been used in experiments at Cambridee
Electron Eccelerator, Massachusetts. One of the
largest super-conducting magnets yet to be
successfully tested was built by the Avco-
Everett Research Laboratory, in the US.A.

fig 1(a) A conventjonal iron-cored bending magnet.
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This magnet gives a transverse field of 40
kgauss across a cylindrical volume of 2ft. inner
diameter and 10ft. in length. The highest field
so far achieved with a superconducting magnet
is 140 kgauss, in a 6in. bore coil constructed
by the Radio Corporation of America.

Present Status, ¥ !
superconducting magnet is essentially a

coil of wire made from a superconducting alloy
which is maintained at a temperature of a few
degrees above absolute zero. The current
density available in a particular super-
conductor decreases with both increasing mag-
netic field and increasing temperature; for
practical purposes it is most convenient to
operate at a temperature of 4.2°K by simply
immersing the coil in liquid helium. With
modern advances in liquid helium refrigeration
and cryogenic engineering, there should be, in
principle, no major obstacles to the construction
and operation of magnets of this type.

Three types of problem are, however, en-
countered. Firstly, the materials are not easy
to manufacture. The superconductor with the
highest known critical field (over 200 kgauss )
is niobium-tin, but this is a brittle compound
which cannot be drawn into a wire. Somewhat
easier to handle are the strong and ductile
alloys niobium-zirconium and niobium-titanium
which are suitable for fields up to 80-90 kgauss.
These can be made into strong wires but require
special manufacturing techniques to achieve
the required high current densities. Secondly,
the superconducting state tends to be unstable
under the conditions existing in large coils, and
intensive efforts are being made to understand
and eliminate this effect. Thirdly there are
several major mechanical and electrical
problems to be faced in the design of large

fig 2(b)A conventional iron-cored quadrupole focussing
magnet,



superconducting coils. Perhaps the most signi-
ficant of these is the containment of the large
electromagnetic forces on the windings at high
magnetic fields and the need for protection
circuits to extract from the coil most of the
stored energy in the event of an accidental
transition to the normal (resistive) state.

As an indication of the present position,
small coils up to about 10 cm bore are now
in common use, coils up to 30 cm bore can be
constructed and operated without too much
difficulty, and several coils in the region 2-5
metres bore are expected to be constructed
during the next few years.

So far the demand for superconductive alloys
has been relatively small and has yet to justify
really large scale production. Processing costs
are high, with the basic metals representing
only a fraction of the total cost, but as the
technology becomes established the increasing
demand will decrease the conductor and
engineering costs and larger, more powerful
magnets will become possible.

Beam Transport Magnets.

Two kinds of magnet are of particular
importance in beam optics, the first, generally
known as a bending magnet (fig. 1a) provides a
channel of uniform field and is used to change
the direction of a particle beam and also to

select particles of the required momentum; the
second, known as a quadrupole (fig. 1b) provide
a special distribution of magnetic field to focus
the particle beam. Typical sizes are 1-2 metres
length, with a 10-20 cm aperature for the beam;
a large accelerator laboratory requires about
150 magnets of this type.

The use of superconductors offers the
possible advantages that the higher fields would
allow a reduction in the size of the magnets,
and, if produced in large enough numbers,
would reduce the capital cost and give con-
siderable savings in running costs.

Development is still at a very early stage,
since so far most superconducting coils have
been of the simple cylindrical type, whereas
for bending and focusing magnets, much more
complicated shapes are required. Several
laboratories are constructing prototype versions
however and fig. 2 shows a bending magnet
which will be constructed at the Rutherford
Laboratory this year and which will be used in
actual particle beams to provide experience in
the engineering, instrumentation and operation
of this type of magnet. Considerable effort will
be made during the next few years to study
and simplify the design of these types of magnet
so that they can be produced reliably and
economically in large numbers.

fig 3 Impression of a superconducting magnet now under construction at the Rutherford Laboratory.
The coils are shaped to produce a uniform field of 40 - 45 kgauss in a channel 140 cm. long by 18 cm. diameter.



Bubble Chamber Magnets

The new generation of hydrogen bubble
chambers will all be equipped with super-
conducting magnets. It is the advent of this
type of magnet which has made possible
chambers of the size now contemplated, because
the cost of powering conventional coils to
produce magnetic fields of the required mag-
nitudes and volumes would be prohibitive.
There are at present two large magnets under
construction in the USA and several others are
at an advanced stage of planning in Europe
and Russia. An artist’s impression of the pro-
posed 1.5m diameter high field chamber for
the Rutherford Laboratory is shown in fig. 3.
By modern standards this is a chamber of rather
modest dimensions but it will be equipped with
a superconducting magnet capable of providing
an unusually high field strength of 70 kilogauss
throughout the working volume of the chamber.

With these large coils, the engineering prob-
lems which dominate the design are principally
those connected with the mechanical constraint
of the massive eleciromagnetic forces within the
windings, which amount for example to almost
4.000 tons for each of the two coils in fig. 3. In
addition, to allow access for beams of particles,
it is necessary to separate the coils typically by
20cm, and they must then be held apart against
the attractive force between them which
amounts to 10,000 tons.

Future Possibilities

Inevitably there has been some speculation
about the use of superconducting magnets in
large particle accelerators. The only type which
is at present suitable for construction on a large
scale is the alternating gradient proton
synchrotron; its principal feature is an under-
ground tunnel housing a ring of magnets which
maintain the particles in a circular orbit during
acceleration. The largest existing accelerators at
Brookhaven and CERN which give particles
with energies up to 30 GeV* and have magnet
rings about half a mile in circumference. A new
accelerator is to be built in the USA with an
energy of 200 GeV, and there is a proposal for
a European accelerator of 300 GeV. The latter
would have a magnet tunnel 4.5 miles in
circumference, containing about 900 precisely

* ] GeV is equivalent to acceleration by 10°
volts.
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aligned individual magnets, each 6m. long. The
magnets alone will cost £16 million and the
estimated capital cost of the project is £148
million.

These magnets have to be operated in a
pulsed manner, in contrast to the previously
discussed applications which are all d.c. It is
not yet clear whether suitable superconducting
magnets of this type can be developed. If they
can, then the higher field should allow a large
reduction in the diameter of the magnet ring
and there should be a significant lowering of
overall cost. An alternative idea is the
possibility of converting a conventional acceler-
ator to a higher energy. For example, a 300
GeV machine built in the near future would
have to use conventional magnets; but in ten
to fifteen years’ time, with superconducting
technology in a more advanced stage, these
might be replaced by high field magnets, thus
converting the machine to perhaps 1,500 GeV
at only a fraction of the cost of a completely
new machine of this energy.

Another possible accelerator application
would be the use of superconducting magnets
in particle storage rings. In this technique,
beams of particles from an accelerator are fed
into two intersecting rings of d.c. magnets; the
two beams of particles circulate continuously
and when a sufficiently high density of particles
has built up, an appreciable number of head-on
collisions occur in the intersection regions. The
effective energy in such collisions is much
higher than in the usual case of a simple beam
hitting a stationary target; for example, two
colliding 30 GeV beams are equivalent to a
single beam of energy 2,000 GeV. The magnet
rings are similar in type and size to that of a
particle accelerator, but do not have the
problems of pulsed operation, so that the use
of superconductors will obviously be seriously
considered for any large installations of this
type in the future.

This is an edited version of an article which first appeared
in Nature, Vol.216. 9.12.67.
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Impression of proposed new hydrogen bubble chamber for the Rutherford Laboratory. A pair of cylindrical
coils produced a field of 70 kguass, uniform to a few percent, over the working volume of the chamber 1.5m.
diameter by 1 m. deep.
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people and their pastimes

J. Wheeler
Claims and Travel Section
Rutherford Laboratory

Jack Wheeler’s hobby is the growing and
cultivation of alpine plants—not the usual
short-lived struggle to sustain the knock-down
bargain due to over-exposure on a self-service
counter, or the birthday or Xmas present given
as a last resort by well meaning friends, but a
serious commitment involving careful study
into propagation methods and growth character-
istics which has absorbed most of his spare
time for the past fifteen years.

His introduction to the hobby began as
innagently as do most first acquaintanceships—
an impulse purchase of an Edelweiss from
Woolworths in 1953. There followed the usual
ill-matched struggle to keep the plant healthy
and without realising it he took up the challenge
of trying to rear an exotic plant under con-
ditions not exactly conducive to healthy growth.
He found himself becoming engrossed in a
study of the plant’s natural environment, its
growth  habits, method of propagation,
susceptibilities, etc. and soon became a happy
slave to his now small collection of tiny plants
whose one aim in life seemed to be a determin-
ation to defeat his efforts.

Jack now lives not far from the Laboratory,
in a semi-detached in Wallingford where he
has a 600 sq. ft. rock garden in which he grows
about three hundred varieties of alpines who’s
natural habitat range from the Rocky Mount-
ains of America (Lewisias) to the Swiss Alps
(Edelweiss) and the Himalayas (Blue Poppy).

The range of colour and perfume, although
somewhat attenuated, is probably as great as a
comparable collection of native plants; for
instance, they provide colour from February
when the Species Crocus and Snowdrops
murmur their plantive promise, right through
to the late Autumn when another variety of
crocus draws the curtains. The season can be
further extended if required, but the majority
of people are not too keen on ‘gardening’ in
the snow. In between these extremes of season
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there is magnificent variety of colour and
blooms of all description, shape and size, from

the spiky thistle-like Carduncellus to the elegant
Irises, and others with names evocative of

balmy summer evenings like Geraniums,
Dianthus, Evening Primrose and the beautiful
Campanulas.

To obtain the maximum pleasure from any
pastime, it is often necessary to delve into the
theory, or in this instance, the genetics of the
subject and Jack Wheeler is no exception. He
is a contributor to the Journal of the Alpine
Garden Society, setting out for the benefit of
fellow devotees, his observations on the best
method of propagation of a particularly difficult
subject, or a proved method of getting the best
results from the beautiful, but ‘finickety’
Lewisias which has been exercising his imagin-
ation for the past few seasons.

The most minute and difficult plants are
successfully grown in sinks where the conditions
can be more closely controlled and protection
from pests more certain. A sink containing
dwarf heathers, asiatic gentians and pygmy
rhododendrons has been particularly successful.

Almost all the varieties of Alpines now
stocked by the Society (and the list runs to a
staggering 2840) were originally obtained as
a result of botanical expeditions in the countries
of origin and the subsequent exchange of seeds
between members of the Society.

Besides Jack Wheeler, there are 3 other alpine
enthusiasts at Rutherford and maybe this short
article will encourage an exchange of ideas and
comment among devotees in other establish-
ments of the SRC



Newsfront

The Chairman, Professor B. H. Flowers, has
been awarded the Rutherford medal of the
Physical Society and Institute of Physics.

Professor C. F. Powell, Chairman of the
Nuclear Physics Board, has been awarded the
1967 Lomonosov gold medal, the highest award
of the Soviet Academy of Sciences.

Dr. J. A. Saxton, Director of the Radio and
Space Research Station, has been appointed a
visiting Professor of Physics, University College
of London.

Miss M. O. Morris of the London Office
has been appointed an SPSO in the ASR
Division. She will have special responsibilities
for Astronomy.

A geologist by training, Miss Morris came
to SRC from DSIR and until her new appoint-
ment, she has been responsible for the Council
Secretariat.

Dr. J. A. V. Willis, previously Secretary of
the NP Board succeeds her.

Dr. W. G. Potter, a PSO in charge of the
Chemical and Biological Group, UST, and the
Secretary of the Halsbury Working Party on
Postgraduate Training Awards, has been
appointed an SPSO. In his new post, Dr. Potter
will be responsible for developing the industrial
relevance of research projects supported by
SRC.

post mortem

Criticism of the first issue was fairly evenly
balanced between the technical and the
aesthetic. They were synthesized by the Local
Correspondents at a meeting at State House on
February 14th, during which the general format
of the journal was discussed as well as the
content of the issues for the remainder of this
year.

Much of the criticism was self-cancelling as
one might expect with such a wide readership,
but these are the outstanding observations :—
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Uneven printing and non-uniform type size :
These are acknowledged faults and will be
rectified in future issues.

Colour of cover :

This was liked by as many who objected to
it. Colour was a definite choice and not left
to the discretion of the printer. It will change
with each issue to suit the cover picture.

Not enough detailed explanation of the work of
the Observatories and Laboratories, how they
fit into the scheme of things, etc. :

If we dealt with all that in the first issue,
there'd be nothing left for future issues...
give us time.

No description of author of article :

Short biographical notes will be included in
future issues.

“Meridian” a modern sculpture by Barbara
Hepworth which is an integrated architectural
feature of State House.



Civil Service Recreation Centre,

Monck Street, London, S.W.I.

The CSRC is situated in onme of the new
tower blocks at present being built on the
Horseferry Road site. The entrance is in Monck
Street.

The Centre will cater for a great many facets
of Civil Service Sports Council activities and
seems destined to become the ‘home base’ for
all people connected with Civil Service sport.
It will provide club and recreational facilities
for many civil servants in the Central London
area and for members visiting London.

The space available for the Centre is on two
floors and in planning the use of it, the upper
floor has been regarded in general as the social
part, allying casual recreational facilities such
as table tennis, billiards, darts, skittles, with
social facilities like bars, light refreshments,
lounges, etc. The lower floor has been used to
cater for the more specialised sporting require-
ments such as rifle range, match table tennis
rooms, gym, cricket and golf nets, etc.

The Planning Committee has catered for as
many interests as possible whilst remaining
flexible as regards future developments in the
light of changing interests. For example, the
Exhibition Room for art, photographic, and
other displays, can be used as a cinema or
lecture room seating -fifty people. It can also
be used as a TV room for special large
audiences, e.g. for test matches.

The younger members will be specially
catered for, they will have certain rooms
allocated for their particular interests, i.e. dis-
cotheque, record sessions, informal dancing.

Rutherford Laboratory Chess Club

Thirty-eight players have taken part in a four
month Swiss tournament to decide the title of
Rutherford Chess Champion. Played during the
lunch periods, the tournament attracted a great
deal of interest and ended with an. exciting
tussle which produced not omne but two
champions!

The title was shared between Bill Turner of
the Applied Physics Bubble Chambet Group
and Dr. John Davies who is in charge of the
K12 beam line. Each won five games and drew
three.

As a result of the tremendous interest shown
in the tournament, and in chess generally in the
Laboratory, a club has now been formed to
organise future tournaments and to arrange
matches with other clubs. Further information
can be obtained from P. Craske, ext. 225.

If the same degree of interest in chess exists
in other SRC establishments, it ought to be
possible to arrange ‘postal’ competitions, they
should’'nt be too difficult to organise. How
about it....? Ed.

As we intimated in the previous issue, the
Local Correspondent for the Daresbury Labor-
atory has been changed. The production of the
Bulletin is now a Library commitment and as
the editor is obviously in a good position to
act for Quest; Mrs. J. Peatfield has taken over
from Mrs. Chisholm.

Jill Peatfield spent five years with UKAE at
Winfrith before joining the Daresbury Labor-
atory in November 1964. Recently promoted to
Executive Officer, Jill now works in the library
and is responsible for the production of the
weekly Bulletin.
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Dr. J. A. Saxton, Director of RSRS, presenting the first prize in the Station’s first ever appren-
tice’s prize-giving ceremony, to R. Dorey. The standard of work was so high that the runners up,

R. Adlam (I) and A. Thackray, both received awards.

Science Research Council, Sports and Social Association

The association was inaugurated on 10th March
1967, and became affiliated to the Civil Service
Sports Council on 1st May 1967.

The following clubs have been accepted into
membership of the association.

Atlas Computer Laboratory

Daresbury Nuclear Physics Laboratory

London Office

Radio & Space Research Station

Royal Greenwich Observatory

Rutherford High Energy Laboratory
The Royal Observatory Edinburgh are affiliated
to a regional association which is more suitable
for their requirements.

Through the SR C association, clubs will be
able to apply for financial assistance for
development of their facilities from the Civil
Service Sports Council.

The committee of the association, which
consists of four officers and a representative
from each club, will meet at least three times

a yeur to consider any matter placed before it
by a club.

The aims of the association are to :

1. Act as co-ordinating body between sports
and social clubs within the association for the
purpose of encouraging the pursuit of amateur
sport and recreation.

2. Liaise between the various clubs within the
association and the Civil Service Sports Council.
3. Encourage the formation of clubs within
the SR C at establishments where none exist.

All members of clubs affiliated to the assoc-
iation are eligible to play for the Civil Service
in representative matches. If any club has a
member who is outstanding at a particular
sport, the Secretary should forward details to
the secretary of the association.

The Civil Service Sports Council also
arranges inter-departmental competitions in
most sports, and it is hoped to enter SRC
teams in these events.
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The proposed 300 GeV accelerator

A message from the Chairman

The Government decision that the UK should not participate in the proposed European 300 GeV
accelerator is, inevitably, a set-back to the Council’'s scientific plans even though we know that it
was taken after very careful consideration. The Government fully appreciated that the project was
well conceived and that their scientific advisers favoured participation but they were concerned at
the effect which it might have on the balance of resources between high energy physics and other
scientific activities. In view of the economic circumstances and the implications of the recent
devaluation of sterling, the Government finally decided that expenditure on the project, rising to

about £6m a year, would not be justified.

| am sure that many members of the staff will share my disappointment at the decision and my
hope that when the economic situation has improved we will be able to participate in a major

European high energy physics project.

Meanwhile the decision does not affect our other activities. Indeed, Government policy
favours civil science relative to other forms of public expenditure, as is shown by the fact that our
provisional allocation of funds for 1969/70 is about 6% higher than the current grant. Thereafter

we can, | believe, look forward to continued modest growth so long as we continue to make good

RN NS

use of the resources entrusted to us.



the Mullard Space Science Laboratory
University College London

It is fitting that 1967, the year which marked the
tenth anniversary of space research in this
country, should also have seen the opening of the
first laboratory devoted wholly to space science.
The Mullard Space Science Laboratory came into
being through a gift to University College London
by Mullard Limited (whose help had already
been marked in the related field of radio astron-
omy by the creation a few years earlier of the
Mullard Radio Astronomy observatory at Cam-
bridge). It was equally fitting that the Mullard
Space Science Laboratory should have been
opened by Dr. F. E. Jones, FRS, Managing
Director of Mullard Limited, for, as Deputy
Director of the Royal Aircraft Establishment,
Farnborough in 1954-1955, it was with his
support that the Skylark rocket was designed and
developed. The first firing of this rocket, at
Woomera in February 1957, can be said to have
marked the start of the British space research
programme.

E. B. Dorling

University College London was involved in this
programme from the very beginning. Indeed Pro-
fessor Sir Harrie Massey, FRS, head of the
Department of Physics at University College
London, and Professor R. L. F. Boyd, who now
heads the Mullard Space Science Laboratory, can
be said to have initiated the programme by
arranging in 1953, at Oxford, the first ever con-
ference in this country on upper atmosphere
research. (The nomenclature incidentally has
changed with the years from upper atmosphere
research to high altitude rocket research to space
research and space science). The Oxford con-
ference brought to this country a group of Ameri-
can scientists who, since 1945, had pioneered
the new techniques of rocket research, and they
inspired scientists and technologists in Britain to
reconsider what start might be made, however
modest, in this exciting new field of research. In
June 1955 Treasury support was agreed to cover
the design and provision of rocket vehicles by



the Royal Aircraft Establishment, and also the
cost of the experimental investigations. A work-
ing party met regularly at the physics depart-
ment at UCL to plan the details of the pro-
gramme. Many experiments were proposed and
among the first was the so-called grenade experi-
ment by Professor R. L. F. Boyd, which measures
high level winds, temperatures and pressures by
observing, at a number of points on the ground,
a series of grenades fired from the rocket along
the trajectory. In addition Professor Boyd pro-
posed to fly a mass spectrometer for ion sampling
in the ionosphere.

From these beginnings Professor Boyd built
up over the next five years a group of scientists
and technicians at UCL which had as its special
study the structure of the neutral atmosphere and
ionosphere. Little attention was paid at that
time, however, to a topic which now dominates
the laboratory's work — the study of far ultra-
violet and X-radiation from the Sun. There is a
very close connection between the ionosphere
and solar radiation, because the various layers
of the ionosphere, that electrified region of the
atmosphere which reaches upwards from 60 km
or so above us, are largely created and main-
tained by solar radiation in the far ultra-violet
and X-ray bands. The reason for the apparent
neglect of solar studies in these first few years
lay in the fact that the Skylark rocket in its initial
form would not fly quite high enough to take
instruments to a point where the Sun’s radiation
could be observed without atmospheric absorp-
tion. The rocket needed a more powerful motor.
In addition it needed a pointing device to aim
instruments at the Sun whatever motion the
remainder of the rocket performed. Both develop-
ments were destined to appear, but meanwhile
more important events were taking place which
gave Professor Boyd's expanding group the
opportunity it needed for a more rapid develop-
ment of the new branch of solar studies. In 1958
the International Geophysical Year took place
and with it came the launching of the first earth
satellites. In 1959, such is the pace of techno-
logical developments today, the USA was able
to offer help to the international scientific com-
munity at large in carrying out satellite experi-
ments. The offer was taken up enthusiastically
in this country by the recently formed British
National Committee for Space Research, a Royal
Society committee chaired by Professor Sir
Harrie Massey, and in 1960 work began on
the first co-operative US/UK satellite ARIEL I.
This sateliite was built by the National
Aeronautics and Space Administration at the
Goddard Space Flight Center in Maryland, and
of the total of seven British experiments which it
carried, five instruments were provided by Pro-
fessor Boyd’'s group at UCL. Two made iono-
spheric measurements, one measured the satel-
lite’'s angle to the Sun, and two measured solar

ultra-violet and X-radiation. Besides providing
the major part of ARIEL I's payload UCL also
gave a home to the small Royal Society group
seconded from the Ministry of Aviation, which
managed the programme and which later grew
into the Space Research Management Unit of the
Science Research Council.

Ariel | was launched from Cape Canaveral
(now Cape Kennedy) in April 1962, went into a
good orbit, and continued to send back useful
information for the next three years. The UCL
X-ray experiment made the first measurements of
the sudden hardening of the spectrum of solar
X-radiation which occurs during the eruption of
a flare. Although the instrument survived for
only three weeks, it was the beginning of this
new branch of astronomy which now occupies an
important position in research at the Mullard
Space Science Laboratory, as at many other
laboratories throughout the world. The iono-
spheric instrument in ARIEL | survived much
longer, (no doubt reflecting the group’s greater
experience in this field), and contributed greatly
to the rapidly increasing knowledge of topside
ionospheric density, temperature, and composi-
tion data resulting from the US/UK, the NASA
Explorer and the US/Canadian Alouette pro-
grammes.

Following the success of this first venture into
satellite research Professor Boyd and his col-
leagues were quick to take up the further oppor-
tunities of assistance which NASA was now

Professor R. L. F. Boyd, Ph.D.
Professor of Physics, UCL, Head of MSSL



making. By this time NASA had moved on to the
preparation of a new generation of large and
complex observatory spacecraft, designed to
concentrate solar research, geophysical research
and stellar research into separate specialised
payloads. Basing their designs to a large extent
on lessons learned in the ARIEL | work and the
SKYLARK flights at Woomera, the UCL space
research group submitted to NASA a number
of experiment proposals for the observatory
satellites, and it was the success of these pro-
posals which ensured the subsequent growth of
the group. Four experiments were selected by
NASA for solar radiation studies from the Orbit-
ing Solar Observatory, to be carried in the fourth,
sixth and seventh of these remarkably successful
spacecraft. In November 1967 the first two
experiments, one measuring far ultra-violet
radiation from the Sun, the other measuring X-
radiation, went into orbit successfully in 0SO-4.
One ionospheric experiment was selected for the
fifth Orbiting Geophysical Observatory, and a stel-
lar X-ray experiment for the third Orbiting Astro-
nomical Observatory. During the preliminary
work for these major enterprises two invitations

to instrument smaller Explorer satellites with ver-
sions of the ARIEL | ionospheric experiments
were received from the Americans, and this led
to the orbiting of a second ion mass spectrometer
in Explorer XX in 1964, and a third in Explorer
XXXI together with an electron temperature probe
in 1965. Indeed with the various experiments
now in preparation, the group hopes to make con-
tinuous ionospheric measurements from satellites
for at least ten years.

Such continuity wil! be possible because of the
group’s considerable contribution to ESRO
through its satellite and rocket programmes. Pro-
fessor Boyd and Dr. A. P. Willmore, the deputy
head of the laboratory, have been active in
ESRO since its earliest days, and have had many
experiments flown already in rockets from Kiruna,
Andoya and Sardinia. A solar X-ray experiment
was carried aboard the ESRO Il satellite, launched
on May 17, 1968, and an ionospheric experi-
ment will be carried on ESRO | when it is
launched later this year. Two experiments have
been planned for the larger Thor-Delta satellite,
TD2 whose fate at present hangs in the balance.

A section of the electronic workshop at Holmbury House. The payload for a Skylark 501 rocket can be seen on the right.




Meanwhile the national rocket programme still
features many of the laboratory’s experiments,
from the complex solar ultra-violet experiments
using pointed Skylarks to be flown from Woomera
this year to the smaller experiments in the new
SKUA I and PETREL rockets to be flown from
this country.

Over a period from 1953 to 1968 the group
has grown from one to a total of thirty-three
scientists and thirty technicians. Demands on
space at the physics department in Gower Street
UCL increased as the satellite programme got
under way, and hopes of a separate home for the
group where for the first time all members couid
be under the same roof became a reality with
the donation by Mullard Limited in 1965. This
enabled the College to purchase a country man-

sion pieasantly situated in thirty acres of ground?}
at Holmbury St. Mary, near Dorking. The con-
version of the house, with the help of funds
provided by the University Grants Committee,
called for little structural alteration but almost
entirely new services. A progressive move from
London began late in 1965 and by September
1966 was complete.

The association of SRC and the Department of
Physics, University College London (of which the
Mullard laboratory is a part) dates back to 1959. The
current annual grant is about £200,000 and out of the
total of sixty-three laboratory staff, twenty-nine are sup-
ported by SRC gran:s.

Professor Boyd is a member of the ASR Board, the
committee of the Royal Observatory Edinburgh and a
member of three working groups of the Space Policy and
Grants Committee.

Graduate physicists Gethyn and Adrianne Timothy (claimed to be the only married couple working on space research)
make final adjustments to a prototype model of an orbiting space laboratory.
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Most people will now have seen in the news- basic cause of this phenomenon; we do not even
papers reports of objects called quasars which  know how far away they are. However it is pos-

have been exciting great interest in astronomical ~ SiPle to give some answers to the second ques-
3 tion and set down some of the clues which have
circles. Exactly what are quasars, and why do we

2 - . : been uncovered and that in the next few years
find them so interesting? The answer to the first  should lead to a deeper understanding of the

question is still that we just do not know the quasars.



The word ‘quasar’ is probably a development
of the initials QSRS, which stand for quasi-
stellar radio source. The first excitement con-
cerning quasars came in late 1963 with the
discovery of these strange objects. At that time
the Third Cambridge (3C) catalogue of radio
sources had been produced by Professor Sir
Martin Ryle’s team at the Mullard Radio Astron-
omy Observatory at Cambridge. It had been dis-
covered that a number of galaxies (great systems
of billions of stars like our own Milky Way) were
emitting a large amount of radio noise and were
detected by 3C.

Since then of course the process of ‘optical
identification’ of radio sources, whereby the
radio sources are identified with an optical
object seen or photographed by a conven-
tional optical telescope, has continued and
now about two thirds of the entries in the 3C
catalogue are identified. However by 1963 it
appeared that some of the radio sources might
have their origins in stars in our own galaxy. At
the positions of the radio source, photographs
showed not a fuzzy image indicating a galaxy
but a stelier point image.

When the light from these stars was split
into its component colours in the spectro-
graph, it revealed a familiar pattern of
spectral lines, but shifted from their usual
position in the spectrum towards the red. The
usual interpretation of this ‘red-shift’ is that the
object emitting the light is receding {from us
at high velocity and the phenomenon is familiar
since it occurs in galaxies. It is found that the
higher the red-shift the more distant the galaxy,
indicating that a general expansion of the uni-
verse is taking place. it seemed natural to attri-
bute the red-shift of the quasars to the same
cause — the so-called ‘cosmological’ interpreta-
tion of the red-shift. However the surprise was
that the nearest and brightest of the quasars were
almost as distant as the furthest galaxies. Since
then as we shall see later, other explanations for
the red-shift have been mooted but the distance
to the quasars remains uncertain.

Professor Maarten Schmidt of the Mount
Wilson and Palomar Observatories has set out
five defining properties of quasars which make
them different from other stars. Firstly they are
starlike objects identified with radio sources.
Secondly they may be variable in brightness. Then
they emit a large part of their energy beyond the
blue end of the range of visual light, in the uitra-
violet. They are also characterised by broad
emission lines in their spectra. Lastly these lines
are displaced far to the red of the colour at which
we would expect to find them in the laboratory.
Since these definations were made, two new
discoveries have caused them to be modified.
Objects resemble quasars in all their optical

properties have been found remote from the
positions of known radio sources so that the first
property is changed to ‘they are starlike objects
usually identified with radio sources’. The second
change is the discovery of absorption lines in the
spectra of some quasars.

One of the main difficulties in understanding
the quasars is that we do not know the distances
to them. Let us review the usual methods astron-
omers employ in finding the distances to a new
class of astronomical object. The first method
used is that of parallax. Parallax is the name for
the apparent change of position of a nearby
object against the background as the observer
moves. In the case of stars this movement can
be detected as the earth orbits around the sun
if the star is within about 300 light years of the
sun. No parallax has been detected in any quasar
so they are further away than this limit. Another
similar method is the measurement of the proper
motion of the star across the sky. If we have some
idea of the velocity of the star this enables us to
gain some notion of its distance. Again no proper
motion across the sky has been detected for any
quasar and since the high red-shifts of the quasars
indicate velocities approaching that of light, we
can conclude that the quasars lie outside our
galaxy. Another method of determining the dis-
tance of astronomical objects useful for star-
clusters and galaxies is from the recognition of
a component of the object as a familiar type of
star, usually a variable star, so that if the intrinsic
brightness of the star is known, its apparent
brightness enables one to estimate the distance.
However useful this method is for galaxies, it
does not work for quasars simply because no
components can be distinguishable in a single
starlike image.

So far one can see that we have scant guide
as to the distance of the quasars except that they
are outside our own galaxy. The next method of
determining the distance of the quasars is to
study whether the light from them has been
interfered with in any way by an intervening
object, for example a galaxy or cluster of galaxies.
In fact it is found that absorption lines with a
red-shift characteristic of the Virgo cluster of
galaxies are indeed present in the spectrum of
the quasar 3C273. This shows that this quasar
is at least on the far side of the Virgo cluster and
thus at a distance of greater than thirty million
light-years.

As we have already said the distance to
galaxies is often measured from the red-shift of
the object. This is because the red-shift is known
to be due to the expansion of the universe. Thus
the more distant the galaxy the faster it is reced-
ing from us due to this expansion. it is tempting
to apply this ‘red-shift-distance relation’ directly
to the quasars. This gives distances even to the



nearest quasar comparable with the most distant
galaxies yet discovered and suggests that the
most distant quasars lie at distances of greater
than several thousand million light-years. Indeed
the light would have been emitted from these
quasars before even the sun was formed. How-
ever several astronomers including Professor
Fred Hoyle of Cambridge have claimed that these
distances are incorrect. They point out that the
deduction of these distances relies on the as-
sumption that their red-shifts are due to the
expansion of the universe —@as we say, are 'cos-
mological’ in origin. They suggest that if, for
example, the quasars were fragments thrown out
of our own galaxy by a vast explosion, then clearly
their recession from us has nothing to do with
the expansion of the universe. Nor is this the
only possible explanation of the red-shifts if the
quasars are ‘local’ — the other main suggestion is
that the red-shift of the light from quasars is due
to the great mass of the quasar. In accordance
with the results of general relativity the light
becomes redder as it climbs away from a very
massive and compact object towards the ob-
server.

The last consideration that might lead to an
estimate of the distance of the quasars is their
distribution in the sky. For example if the quasars
tended to lie near galaxies in the sky we could
deduce the distance of the quasar from the dis-
tance of the associated galaxies. On the other
hand if the quasars clustered near the galactic
poles (i.e. were seen in directions at right angles
to the plane of our Milky Way) this would be
evidence for the version of local theory which
claims the quasars are ejected from our own
galaxy. In fact it has been suggested by different
authors that both of these ideas are supported
by observations.

In particular the American astronomer Halton
Arp claims that radio sources, among them
quasars, tend to lie in pairs on opposite sides of
peculiar galaxies. However investigation by a
number of groups of workers has not substan-
tiated this and the general feeling is that Arp is
mistaken in his statistics.

Alternatively another group of astronomers led
by Peter Strittmatter and John Faulkner of Hoyle's
Institute of Theoretical Astronomy at Cambridge
suggested that the quasars with largest red-shifts
tended to lie near the poles of our galaxies. To-
gether with Michael Rowan-Robinson of Queen
Mary College, London, | looked into this and we
noticed that in fact the main feature of the dis-
tribution of the quasars over the sky was a virtual
absence of sources from the region of the sky
accessible to Northern Hemisphere observers in
the summer. We made the suggestion that not
only are the nights shorter in the summer but
that astronomers often attend conferences during

these months. This idea has not been altogether
popular in some quarters! In fact the subsequent
identification of large red-shift quasars has tended
to fill some of the blanks left earlier and although
the situation is not entirely clear, it seems likely
that as more quasars are found so the distribution
will continue to become more uniform over the
sky.

From all the foregoing discussion the reader
will see that we do not at present have any
conclusive evidence giving the distance of the
quasars. To see just how important this is, let
us compare the distances proposed by the local
and cosmological theories. The most popular
distance favoured by the protagonists of the local
theory is about 100 million light years, whereas
the cosmological picture would place them ten
times further away. This may seem a somewhat
academic discussion since whatever view is taken
the distances involved are truly immense. How-
ever the importance of the argument is seen when
one realises that to be ten times more distant
and still appear as bright in the sky, the quasars
must be one hundred times more luminous. In-
deed the luminosity of quasars on the cosmo-
logical theory exceeds that of an entire galaxy
of stars and it is partly this surprising fact that
has led to the strong support the local theory has
received.

Thus baulked in all approaches to finding the
distance of the quasars, astronomers have fallen
back on a number of efforts to prove that quasars
and radio galaxies are essentially similar objects.
There are some obvious similarities — both are
radio sources and both possess large red-shifts.
However the two groups of objects appear quite
differently in the sky: as we have seen, quasars
appear as star-like points of light, while galaxies
are fuzzy objects on direct photographs of the
sky. The main difficuity lies in the effort to show
there exists an intermediate class of objects
between the quasars and radio sources with some
of the properties of both. If such a group can be
found this might establish the ‘continuity’ of
quasars and radio galaxies and show the quasars
were at cosmological distances. Luckily it seems
that the N (or nucleated) galaxies do fill this
requirement. The N galaxies appear slightly fuzzy
on plates of the sky, but they have very bright
nuclei which have many of the properties of
quasars. Pictures of a typical radio galaxy, an
N-galaxy and a quasar accompanying this article
show some of the similarities and differences
among these types of radio source.

At Herstmonceux, Russell Cannon and | have
been studying if and how quasars and associated
objects vary in brightness. We have been using
a 26-inch telescope which is relatively small by
modern standards but it has been adequate to
keep a watch on the brighter quasars. There are



These pictures show a quasar, N-galaxy, and a
radio galaxy respectively. They are all negative
prints of the sky (black stars on a white back-
ground) which are preferred by astronomers for
making small detail clear.

Plate | shows the quasar 3C273 (the bright star
in the centre). Its well-known ‘jet’ from which
much of the radio emission comes is marked.

Plate Il shows the N-galaxy 3C120 which is
marked and is slightly fuzzy compared with the
star images.

Plate Il shows the radio galaxy Messier 87
which also possesses a jet. The original from
which this print was taken was one of the first
plates taken on the new 98 inch Isaac Newton
telescope at Herstmonceux.
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other groups, particularly one under Professor
Tom Kinman at the Lick Observatory in California,
who have been carrying out similar projects in
different parts of the world. Whereas most of
them have been concentrating on quasars already
found to have variable luminosity, we have carried
out a complete survey of all the quasars within
reach of our telescope in order to establish
whether they all vary and into what categories
they divide.

We have concluded that in fact all the quasars
do vary and that they divide into two groups.
Firstly there are what we have cé&lled the optically
violently variable (OVV) quasars. These quasars
vary by large amounts — sometimes a factor of
ten — often changing appreciably in a single day —
and usually vary in the amount of radio power
they produce as well. An interesting consequence
of the rapid variation is that if the source varies
appreciably in a day then its diameter must be
less than a light-day, or not much bigger than the
solar system. A comparison of this with the size
of a typical galaxy {ten thousand light-years) adds
to one's realisation of the strangeness of the
quasars.

On the other hand the quasars we have been
observing which have not turned out to be OVV
also vary, but the pattern of this variation is quite
different. We find after nearly three years study
that they vary slowly, changing by an amount
which we can just detect each year. Some are
brightening and some fading but it is too early
to say whether these variations are cyclic and if
so with what period. However they may be vary-
ing in the same way as the brightest quasar 3C273
which has a more-or-less regular thirteen year
period. This fact is known for 3C273 since
records exist of this quasar on many old plates
and Professor Harlan Smith of Texas went
through the files of many observatories to follow
the changes of brightness of this object since the
end of the last century.
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At Herstmonceux we have also been studying
some of the N galaxies, hoping to confirm the
link between these objects and the quasars by
showing that they have similar variability. Now it
has been found by Russell Cannon and myself
and independently by the Californian astronomers
that three of the brighter N galaxies show varia-
tions similar to the OVV quasars. We have also
been examining these objects on the old plates
taken when the Royal Greenwich Observatory
was at Greenwich. We have found that two N
galaxies 3C371 and 3C390-3 were considerably
brighter between 1890 and 1910 than they are
now. It gives me a strange feeling to look at
these old pictures of the sky and to realise they
were taken before my grandparents had started
courting! A crucial conclusion from our results is
that although these N galaxies are now fainter
than almost all the quasars, at the turn of the
century they were as luminous as at least some
quasars. This shows an excellent continuity bet-
ween quasars and radio galaxies since it is fair
to say that if observed in the past, 3C371 and
3C390-3 would have been classed as quasars.
Nor are these two the only N galaxies observed
to vary, indeed the radio source 3C120 was dis-
covered to be variable in 1940 by the great
American astronomer Harlow Shapley. However
at this time the existence of quasars and radio
galaxies was unknown and this object was
thought to be an ordinary variable star. Modern
observations by Tom Kinman and ourselves show
that it is still varying today.

In this article it has only been possible to give
a brief account of some of the problems about
quasars facing us today. Many other workers
throughout the world are tackling other problems
posed by their discovery. | have hardly mentioned
the problems presented by the spectra of these
objects as regards the structure of the quasar and
its composition. Nor have | indicated how people
are trying to solve the problem of the enormous
energies of quasars. Nonetheless | hope | have
given a tiny glimpse of the interest and excite-
ment aroused by the question ‘What are quasars?’



a computer for all purposes
the work of the Atlas Computer Laboratory

The Atlas Computer Laboratory was set up in
1961 with Dr. J. Howlett, then Head of the Com-
puting Group at AERE, as Director. The laboratory
was originally administered by the former
National Institute for Research in Nuclear Science
and was incorporated in SRC in April 1965. The
aim of the laboratory is to provide computing
facilities on a large scale — with all necessary
supporting services — to research workers in uni-
versities and government laboratories. More spec-
ifically, to be a place to which they can turn when
faced with problems needing more computing
power than their local installations can provide.
No charge is made to university users for any
work done for them but Government users are
charged at a rate which represents the cost of
operating the laboratory.

The laboratory is on a site adjacent to the
Rutherford High Energy Laboratory and the
Atomic Energy Research Establishment (Harwell)
of the UKAEA. Its main equipment is a large Atlas
installation which was ordered from Ferranti
(later merged with ICT) in the summer of 1961.
A building was designed with the special needs
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of the computing service in mind and was ready
for occupation in January 1964. The machine
was installed during May and June of that year
and a regular one-shift service was started in
October. This has been extended as demand has
increased and at the time of writing we are run-
ning three shifts five days a week; we expect to
take up the weekend gradually over the next
twelve months.

the computer
The installation is made up as follows:

main frame

Central Processor,
48K core store (2 us cycle time)
96K magnetic drum store
8K fixed store (0.4 us access time)
16K working store

The word length is 48 bits. The fixed store holds
the basic routines and uses the working store as
working space



disc
162 million word Data Products disc (added Dec.
1967}

magnetic tape
16 Ampex TM.2 decks
2 IBM 729 Mark IV decks

input

Card readers 2 ICT 600 card/minute

Paper Tape 1 Ferranti 300 character/second
1 Eliott reader, 1,000 character/

second

output

Printers 2 Anelex 1,000 lines/minute
120 character/line

Card Punch 2 ICT 100 card/minute

Paper tape 2 Teletype 110 character/second

This is backed up by standard equipment for tape
and card punching, card reproducers, interpreters
and sorters. From the beginning we have had an
off-line Benson-Lehner Model J graph plotter
driven by magnetic tape, with a library of pro-
grams which may make it easy for a user to get
output in the form of point plots, histograms or
continuous curves, including stereoscopic pairs
for display of three-dimensional structures. This
mode of output is so important that we have
recently taken delivery of an SC4020. This is a
microfilm plotter which can produce graphics on
hard-copy, microfilm and cine film.

The machine runs at an average speed of
350,000 instructions per second. Floating point
addition takes 1.8 to 2 us, multiplication 5.9 ps,
organisational instructions 1.6 to 2 us. In machine
code, inversion of a 100 x 100 matrix takes 17
seconds, sorting 5,000 floating-point numbers
into numerical order takes 1 second. The opera-
tion of the machine is automatic and is normally
under the control of a permanent resident program
called the Supervisor, which monitors all its
activities, organises the time-sharing of input,
output and computation and of a number of
programs held in the store at the same time.

One part of its action deals with automatic
transfers between the core store and the magnetic
drums, and enables the programmer to work as
though the two formed a continuous directly-
addressable store of 144K words. It also makes
possible the use of many different compilers, and
in fact Atlas users can (and do) write in Fortran,
Algot, LISP, IPL-V, the Atlas Autocode produced
by Manchester University, the Autocode produced
originally for the Ferranti Mercury computer and
since greatly extended, and several others.

The level of activity can be gauged from a few
operating statistics. In a typical week we run
2,500 jobs, input a million cards and 24 miles of

paper tape, print two million lines of output, punch
60,000 cards, handle 1,500 reels of magnetic
tape. We have nearly 1,000 projects on our books
from university users and are usually doing work
on 600 of these. A recent survey showed that the
distribution of the work load amongst the main
languages is:

Compiler % of Jobs
Fortran 50.6
Machine code 12.9
Algol 10.6
Extended Mercury

Autocode 7.3
Atlas Autocode 3.6
Others 15.0

organisation

The total number of staff in the laboratory is now
about one hundred. This does not include the
computer maintenance engineers, who are ICT
staff working under a maintenance contract.

There are four technical groups :

(i) The Operations group receives work (some
of which is in manuscript and needs to be
punched on to cards or paper tape), processes
it through the main computer and any auxiliary
machines, such as the SC4020, and despatches
the results to the users. The head of the group
is Mr J. E. Hailstone.

(ii) My own responsibility, the Programming
group is concerned mainly with basic software
— for example, changes or extensions to the
Supervisor to incorporate new ideas or exten-
sions to the installation — compilers and library
programmes. It has built up an extensive
library of programmes in Fortran and Algol. A
small group are writing the software for the
Sigma-2 Atlas on-line system. A number of pro-
grammers are engaged in more specialised
activities associated with applications of com-
puters, such as developing a system suited to
the analysis of statistical experiments and an
information retrieval project.

(iii) The Support group gives help and advice
to users and is responsible for maintenance
of the library programmes and various large
‘packages’ (such as the crystallographic pro-
grammes and the programmes for space re-
search). This group also organises program-
ming courses. The head of the group is Miss
Barbara Stokoe.

(iv) There are posts for individual research:
the laboratory has given fixed-term contracts
of employment to research workers of estab-
lished reputation whose particular interests



demand the use of a large-scale computer, or
who are interested in exploiting the powers of
the machine in novel ways. It has been the
policy wherever possible to arrange that the
holders of these posts also have some
academic connection, such as a university or
college fellowship.

In addition there is an Administration group
who look after the administration needs of the
laboratory and its visitors (including transport
and accommodation). The head of this group
is Mr C. L. Roberts.

As can be imagined, we have had to give a
lot of attention to the office-management aspect
of the operation of the service, so as to ensure
that the very large volume of work (with all its
associated paper) is handled quickly, efficiently
and correctly. We make as much use as possible
of modern office machinery and, of course, we
use the computer itself to produce all our
accounts and statistics.

A point worth noting is that we expected to
have significant numbers of people wanting to
spend time in the Ilaboratory, to develop

General view of the machine room

large programs, so we planned the building to
provide pleasant and practical accommodation
for visiting users, in small single offices which
can be booked a week or so ahead. These have
proved very popular indeed and have made life
far easier, not only for the visitors, but also for
the permanent staff of the laboratory, who are
thus protected against invasion. With the accom-
modation problem solved, the presence of many
visitors, with a great variety of interests is stim-
ulating and contributes a great deal of intellectual
liveliness to the laboratory.

the on-line system

A small on-line system is being put together. In
order not to downgrade the efficiency of Atlas
the consoles are attached to a small computer,
the S.D.S. Sigma-2, and this computer communi-
cates with Atlas via the Data Products disc.
There are very interesting technical problems on
both the hardware and software sides. On the
hardware side there is the problem of interfacing
the Sigma-2 to the disc. Here we have had the
good fortune to have Peter Wilde of RHEL
Electronics group loaned to us for a year and he
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has designed and built the interface. All the soft-
ware required for the on-line system is being
written by a small number of members of the
Programming group. We at present have six tele-
type consoles, but hope to increase this num-
ber before very long.

some examples of work done on Atlas

Big users of Atlas include the Meteorological
Office, crystallographers, space research and
people interested in survey analysis. At the other
end of the scale quite small amounts of machine
time may suffice for the development of some of
our most important system programs {extensions
to the Fortran and Algol Compilers, the Super-
visor program etc.) as well as work on aspects
of pure mathematics research (number theory,
group theory, etc.). Here are brief accounts of
some of the projects in which the machine is used.
These are not necessarily the biggest users, but
between them they give some idea of the wide
range of application of the computer. | have
made no mention of the more obvious applica-

CUBANE

Cubane and Convolutes
Examples of graphic output of SC.4020 graph plotter.

tions of computers, such as the solution of partial
differential equations. Although no-one is sur-
prised to find computers being used for such
work, such problems tax the skill and ingenuity
of the most experienced numerical analysts and,
indeed, one of our Fellows (Dr. Joan Walsh) is
working on problems of this type.
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crystallography (J. C. Baldwin)

Crystallographers have an inherent ability to use
as much computing power as is made available
to them and therefore they form a significant
group among the users of a machine of the size
of Atlas. By placing a crystal in a beam of X-
radiation and studying the resulting diffraction
pattern, it is possible to determine the approxi-
mate positions of the constituent atoms. Refine-
ment of these and other parameters continues
until close agreement is reached between the
observed and calculated patterns. When com-
plete, the crystallographer will wish to know the
relative distances and angles between various
atoms. Programs for these calculations are pro-
vided by an American system known as X-Ray 63
which has been adapted and expanded for
running on Atlas and is currently used by re-
search groups from fourteen universities.

literary concordances (D. B. Russell)

COCOA is a system which enables users to carry
out quantitative analyses of literary texts
punched on cards or paper tape. It can provide
a count of the frequency with which words
appear in a given text and for each occurrence
of selected words; a reference showing where
that particular occurrence appears; together with
a small amount of its context. All occurrences of
a given word are concorded for easy manual
reference. This work was undertaken when it
was discovered that several university linguists
were in need of such a program.
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simulation and analyses of compiler systems
(P. Bryant)

The Brooker Morris Compiler Compiler system,
which is a tool for easing the writing of com-
pilers, has been exploited in the writing of a
simulation compiler with the object of studying
various facets of computer systems, in particular
a study of the Atlas drum and disc interaction
and also some multi-access problems. The com-
piler has also been used in a variety of industrial
problems.

Work is also proceeding on the evaluation of
computers. This work breaks down into three
main sections namely the hardware, the operat-
ing systems and the compilers and we hope that
the results will provide some guide lines in
determining the factors which influence a com-
puter’'s performance.

space research (Miss Barbara Stokoe)

The Atlas laboratory is processing data received
from the satellite Ariel lll, which was launched
from Western Test Range, California, USA, on
bth May, 1967.

Information is received from the satellite by
several tracking stations around the world, and
these are sent to RSRS Slough, where the in-
formation is digitised onto }” magnetic tape.
These tapes are sent to AWRE Aldermaston, who
perform a preliminary run, producing a further
1’ tape. This is sent to the Atlas laboratory, who
process it, (using a program initiated by AWRE),
producing tapes of a form suitable for the five
experimenters — Birmingham, Manchester and
Sheffield universities, RSRS, and the Meteoro-
logical Office at Bracknell.

The average rate of receipt of tapes from
AWRE is three per week, and the machine time
involved is in the region of three hours per week.

analysis of surveys (Mrs. Judy Lay)

We have available a program called MVC
(Multiple Variate Counter) written by A. J. T.
Colin of London University (now at Lancaster).
There is a continual large scale demand for this
program. Of seventy-two surveys currently being
processed, thirty-five are medical; examples of
these include various cancer studies; peptic
ulcer; convulsive disorders; tuberculosis; coron-
ary study; bronchitis in the Welsh steel industry;
congenital malformation; and jaundice in infants.

Examples of other surveys include various
surveys about students, graduates and school
children; population movement from 1851-13901;
reaction to televison programmes and local
radio; industrial studies; hospital manpower; and
bird movement study.
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statistical program package, ASCOP
(B. E. Cooper)

ASCOP is a comprehensive statistical system.
It has good editing and checking facilities, and
data presented for it can be stored on magnetic
tape for later use. Instructions are in the form
of english sentences or Fortran-like equations,
and may be formed into subroutines. The system
is being extended continually, for example, to
incorporate tabulation and graph plotting facil-
ities, making it useful in the survey analysis field.
It is currently being implemented on a number
of other computers. ASCOP is useful for anyone
who wishes to perform statistical analyses on
data.

information retrieval (R. F. Churchhouse)

Information concerning about 5,000 articles in
a dozen computer science journals has been
written on magnetic tape. The information re-
trieval programs make it possible for a user to
find out what papers have been written on topics
in computer science, or works by particular
authors. When a paper is retrieved, the papers
to which it refers or which have referred to it, are
also retrieved. This simple method of retrieval
is very powerful since it leads to papers both
earlier and later in time than the one initially
found and thus provides leads for further re-
trieval. A search through the complete file takes
less than ten seconds of computing time on Atlas.

work in collaboration with NERC

During 1967 an investigation was carried out
by T. N. Gover of the Atlas laboratory into the
computer requirements of the Institute of Geo-
logical Sciences, a branch of the Natural Environ-
ment Research Council (NERC). In the report
that followed it was suggested that in order to
make the data collected and held by each depart-
ment universally available, a data bank should be
created. In order to assess the feasibility of such
a scheme, pilot projects are being conducted at
the Atlas laboratory. A team of three, Gover,
Miss Harvey and Mr. Turnbull of IGS, started
work in December 1967. Coding has now reached
an advanced stage and it is hoped that geologists
will be able to put fairly simple requests for
information to the system during this summer.

time series analysis (P. Kent)

In the examination of a problem one often obtains
a sequence of data readings which vary in a
consistent manner. For example, the air tempera-
ture at noon each day would vary with the
seasons. In addition to this basic cycle there



would be fluctuations from day to day and long
term changes over periods of many years. The
components of such a sequence can be separated
and examined by means of ‘Time Series Analy-
sis’; a system of programs for the analysis of time
series, written in America for the IBM 7080
computer by Sir Edward Bullard and others, and
now in use on Atlas. The program, known as
BOMM, has already been used in the analysis of
daily water flow in the river Indus, temperature
fluctuations at the bottom of the English Channel,
electro-encephalograph records, and fluctuations
in the national grid. It should also be of use in the
fields of astronomy, geophysics, and economics.

radiative transfer (. P. Grant)

We have developed new methods of solving the
equations of radiative transfer numerically using
difference techniques based on weli-known prin-
ciples of invariance. Such principles have been
used before to calculate the reflection and trans-
mission of light by plane scattering layers, but
not to compute light fields within the layer.

Apart from tests to verify theoretical results
concerning accuracy and numerical stability of
the methods, the first practical application of
these ideas has been to compute estimates for
the radiation emerging from the top of the earth’s
atmosphere for wavelengths in the 8-150u
region in the presence of cirrus cloud, a problem
of interest to a project for atmospheric tempera-
ture sounding by artificial satellite proposed by
by joint groups at Oxford and Reading univer-
sities.

pure maths
(A. O. L. Atkin, J. Leech, J. K. S. McKay}

At the present time three of our Fellows are
engaged in pure maths research (Dr. Atkin on
number theory; the others on group theory). In
addition another Fellow, Dr. Paterson, is working
on theorem proving by computers. The work
being done in these areas is particularly interest-
ing for new results are being discovered which
would not have been found if computers had not
been available. The laboratory helped to sponsor
and organise a highly successful conference in
Oxford last summer on the use of computers in
algebra and it is hoped to organise a similar con-
ference relating to number theory in August
1969.

lessons learned

The laboratory has been providing a computing
service for nearly four years, and very intensively
for the past three years. The use made of this
service shows how great is the need. We get
work from every university in Great Britain, the
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demand is increasing and there is a steady in-
crease in the genetal levels of size and com-
plexity of the problems put on the machine. It is
particularly pleasing to observe the rising
demand {rom workers in the non-physical
sciences — sociologists, psychologists, education-
alists, biologists and others — as they begin to
appreciate the help they can get from a powerful
computer and a quantitative approach to their
problems.

The Atlas laboratory is operating as a national
facility for universities, and to a smaller extent
for government research laboratories; it is a great
deal bigger than anything else to which the
universities as a whole have access and is com-
parable with anything in Europe. The scale of
operations is great enough to justify the pro-
vision of many technical and administrative ser-
vices and we have come to the conclusion that
these are valued almost as highly by our cus-
tomers as is the computing power of the installa-
tion. Simple things like the supply of cards,
paper tape, coding forms and stationery generally
are very important; people need ready access to
card and tape preparation equipment and to desk
calculators for odd checks and minor pieces of
arithmetic; help in arranging transport and book-
ing accommodation is very welcome; and of
course somewhere to work is essential. On the
technical side, and taking for granted the vital
need for first class basic software and library
programs, we found a great demand for a general
advisory service for users. To satisfy this demand
we created the ‘support group’. In order to im-
prove communications between the distant users
and the support group we have recently instalied
a Telex. This has the great merit of producing at
low cost a printed copy, essential where modifi-
cations to programs are concerned.

Finally, all experience has confirmed the view
with which the laboratory started out, that the
presence of research activities in the building
and easy contacts with the academic world and
with other computing centres are essential to the
intellectual health of the members of the labora-
tory. A large-scale computing service is really a
very sophisticated and highly professional under-
taking which makes demands at all levels and is
always needing both stimulation and criticism;
without these it is fatally easy for the people who
are providing the service to become stale and
unenterprising, and the standard of the service
to decline.

GLOSSARY of computer terms

FORTRAN, ALGOL, etc. are languages which allow the user to
express a problem without a knowledge of the machine’s order
code.

COMPILER, program which does the necessary conversion.
HARDWARE, the actual electronic equipment within a computer
system.

SOFTWARE. the programs.

INTERFACE, can be either hardware, software, or a combination,
;70 Zaci/itate the joining of two (otherwise incompatible) pieces of
ardware.

BITS, binary digits. i.e., 48 bits 48 binary digits of either 0 or 1.



old scientific
instruments

radio telegraphy
part 1. circa 1899 to 1922

G. W. Gardiner

Research progresses and technigues change so
rapidly these days that an establishment only a
few years old may well possess apparatus of
some historical interest. However, the odds
against the apparatus being recognised as pos-
sessing historic value and surviving the period
between obsolescence and ectopia are rather
long. Unless a device has produced epoch mak-
ing results which makes it an obvious candidate
for preservation, it may well be cast on the scrap
heap, or reduced to unconnected component
parts which only serve to delay the inevitable
limbo. It is therefore fortunate that in most
groups of scientists and research workers, there
is to be found at least one person with squirrel-
like tendencies and an interest in the history of
his occupation. Such is the case at Ditton Park
where the Radio and Space Research Station has
been established for almost fifty years and where
successive workers have made considerable con-
tributions to the understanding and growth of the
science of radio communication. This is then a
description of items from a collection of instru-
ments and components which have contributed
to the development of radio from its very early
days.

The oldest surviving item in our collection is
a book; this is perhaps not surprising because
books have a habit of appealing to otherwise
quite ruthless ‘spring cleaners’. It dates from
1899 and is a history of radio as seen by John
Joseph Fahie Esqg. It may come as a surprise to
readers to learn that at the end of Queen Vic-
toria's reign, wirless telegraphy was sufficiently
well established to warrant a historical record,
but this was indeed the case.

The history spans about fifty years of attempts
to signal without wires and lists the various
methods which had been tried since the 1840's.
These earlier methods usually made use of the
properties of electromagnetic or electrostatic in-
duction, conduction through the earth or through
water, or a judicious mixture of both. Fahie was
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a telegraph engineer of considerable experience
who survived into the twentieth century to be-
come a veteran member of the Institution of
Electrical Engineers. This book, together with an
earlier one dealing with the history of line
telegraphy, provides valuable source material for
investigators of the dawn of electrical communi-
cations.

As events were to prove, the 'Electric Wave
Method’ triumphed and one of the main compo-
nents of that success was the detecting device
called the Coherer. This was a curious piece
of apparatus which depended on the change
in conduction of metal filings when electro-
magnetic waves impinged upon them. This effect
had been noticed as far back as the middle part
of the nineteenth century, but, except for one
application as a lightning safeguard, had never
properly been studied until researchers in the late
1870's and onwards brought it to the notice of
the early experimenters in wireless telegraphy in
the mid '90s. Its early form was improved upon
by Marconi for use in his system of wireless.

Marconi Coherer



Quite how this came to be at Ditton Park, when
the Station was not founded until long after such
devices were no longer in current use, is not
obvious until we remember that the coherer con-
tinued to play a part for about the next twenty
or so years as a lightning flash detector and it is
almost certain that this little gadget has survived
because it was used by Watson-Watt in his
experiments in the counting of lightning flashes.
The coherer is a small glass tube a few inches
long, containing metal filings between two con-
tacts, mounted on a cylindrical rod made of bone,
one end of which has the letters M.W.T. engraved
upon it. {Marconi’'s Wireless Telegraph Co.) No
doubt it was one of a number of surplys detec-
tors which must have been freely available in the
early part of the century. It is uniortunately
broken, but the author possesses another, which
is still in reasonable working order, although it
is, as the text books of the time assure us, ‘a
capricious and uncertain device’. Indeed Watson-
Watt himself had written of it ’. . . an intractable
principal member, . . . little is to be hoped from
any coherer recorder’.

Despite these comments and the fact that by
modern standards the coherer isn’t at all a satis-
factory instrument, it is a fascinating piece of
apparatus and we do well to remember that the
first transatiantic signals by wireless were
detected using the very latest and improved
form of this, to us, very crude device.

The next item in the collection, a Triode, jumps
a few years because we do not possess two of
the earlier forms of detector; the magnetic,
which depended on the demagnetization of a
steel wire by electromagnetic waves, and the
crystal which in its older form will be familiar
to some readers who may have wrestled exasper-
atedly with the cats-whisker looking for ‘a good
spot’. Early in the twentieth century the proper-
ties of electron emission were investigated by
Professor Fleming; and his diode detector, the
earliest of the electronic devices, was produced.

DeForest Triode
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This was more reliable than the crystal but no
more sensitive. In a year or two a third electrode,
the grid, was added to the diode by the Ameri-
can, DeForest, making it the triode, and with it
we see the beginnings of the vast range of ther-
mionic devices which for the next forty years
were to dominate the field of electronic research.

DeForest’s triode went into commercial pro-
duction round about 1910 and one of these early
production models is now in our collection.
It consists of a small glass globe a couple
of inches in diameter in which can be clearly
seen the filament flanked by two zig-zag
plates to form the grid and with two paraliel
plane electrodes outside the grid which form the
anode. The filament is connected by an ordinary
miniature screw lamp fitting, exactly like a
modern tarch bulb, and two wires sprout from
the top for grid and anode canections. Made
before the first world war, these valves continued
in use throughout it, although other and im-
proved forms were being developed. it wasn't
until the 1920’s that they were beginning to be
old-fashioned, though occasionally still used. We
have in this triode an example of the progenitor
of all the many valves which followed.

Within a year or two of the start of production
of these early valves the World War began and,
just as the 1939-45 war led to rapid advances
in radar technique, so the needs of 1914—18 led
to rapid advances in valve research and circuitry
and to the improvement of wireless telephony.
Another similarity between the two wars is a
tendency for applied research to look at devices
and methods which had long been discarded, in
the hope of finding new fields of work for them.
As in 1939-45 the depised crystal and cats-
whisker re-emerged triumphant as a valuable
component in very high frequency research, so
in 1915 one of the early wireless telegraphy
methods, mentioned by Fahie, that of earth con-
duction, formed a useful addition to the tele-
graphist’s art for signalling between the trenches.

The basic requirement {or an earth conducting
system of telegraphy, which has a range of a
mile or so, are very simple. They consist of a
transformer or induction coil, a self-acting make-
and-break device, to break up the direct current
and to cause pulses in the primary, and a morse
key to break up the pulses into short or long
trains so that morse signalling can be achieved.
From the secondary, wires are led to earth stakes
about one hundred yards apart. When the key is
pressed, high voltage alternating currents are
caused to pass into the soil. The receiving equip-
ment is even simpler, consisting merely of a pair
of headphones and two earth points a similar
distance apart and parallel to the sending
‘aerials’. The alternating current generated at the
transmitter is detected at the receiver earth
terminals, producing a weak alternating current



which actuates the ear phones, making a buzz of
similar frequency to that of the self-acting inter-
ruptor.

This is basically one of the wireless systems
proposed shortly after the invention of the tele-
phone, about 1878. For wartime use the system
was greatly improved by employing the new
fangled triode valve ampilifiers which greatly
increased the sensitivity of the detector and
obtained a useful increase in range. It had dis-
advantages; the enemy using similar, more sensi-
tive triode amplifiers could intercept the signals,
and it was while attempting to do this that the
German physicist Barkhausen was able to contri-
bute to the study of a natural phenomenon known
as the Whistler atmospherics in a more detailed
way than earlier observers who had not had the
benefit of the valve amplifier. All these improve-
ments in earth telegraphy were made at the
receiving end, the transmitter really didn’t differ
very much from that of thirty odd years before
and we have such a Transmitter in our collection.

Earth Conduction Transmitter

It is a splendid laboratory type instrument
in a polished wooden case, the automatic
make and break is made of heavy brass and to
one side is a lacquered morse key. It gives a
sizeable voltage when the battery is connected
and the key pressed, quite sufficient to deter one
from touching the terminals. The whole instru-
ment looks suspiciously well kept and clean and
one feels that it may not have participated in the
war, but been drawn from some stores well
behind the line and from there found its way, for
some long forgotten experiment, to our labora-
tories at Ditton Park. It is an interesting link,
not only with the first World War, but, in a sense
it looks back even further to those early systems
of communication used in the late 1870's.

The invention and development of the triode
valve marked a watershed in radio communica-
tion history. True, before it had appeared on the
scene many aspects of radio communication had
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been achieved with continuous wave generation:
wireless telephony and even, in a very limited
way, experimental broadcasts; a commercial
transatlantic radio telegraph service had been
operating for some years and rudimentary experi-
ments in radio control had been carried out. All
these things had been attained, however, by
stretching the pre-valve technology to the utmost
limits. In a few cases valve and non-valve tech-
niques survived for a while, side by side.

Brown Amplifier

The Mechanical Amplifier in our possession
which dates from about 1922, is one of these
examples. It was manufactured and developed
by S. G. Brown and Co. and once more the
familiar theme of polished wood and bright
lacquered metal is in evidence. Basically it was
nothing more than a very sensitive earphone con-
nected mechanically to a carbon microphone.
The weak signals in the earphone vibrated the
diaphragm of the carbon microphone and ampli-
fied the signals sufficiently ‘to work a loud-
speaking telephone or a relay’. The full apparatus
used two of these devices in series, but they
were rather sensitive to vibrations and the output
would scarcely satisfy the requirements of a
hi-fi enthusiast. However it must be remembered
that they were very often used for no more than
magnifying a weak morse signal so that faithful-
ness of reproduction over a wide band of
frequencies was not important. It formed in fact,
as many triode amplifiers did at the time, a ‘note
magnifier’, which gives some indication of its
limitations.

Although but four in number, these items
enable us to reach back, through obvious links
with modern techniques, to a time when results
were achieved using astonishingly crude appara-
tus. The Victorians were self-confident people
and for the birth of the wireless telegraphy they
needed to be.



people
and their pastimes

lute making and playing

W. B. Samson

Bill Samson is an SRC supported research
student who studies star clusters at the Royal
Observatory Edinburgh. Much of his spare time
is devoted to the making and playing of lutes
and in the process he has collected a consider-
able amount of information relating to the history
of the instrument and to the mode of its manu-
facture.

The origin of the iute is obscure, but it was
first heard of in the Middle East where it is still
played and known as ‘Al Oude’— (The Wood).
It came into favour in Europe in the fifteenth
century and a great deal of solo and consort
music was written for it up to about 1700. The
music is of special interest; whereas the majority
of instrumental music is written in the familiar
staff notation, lute music is written in tablature,
which is easily understood by a lutenist, but is
quite unintelligible to any other instrumentalist.

In its heyday the lute was a much prized
instrument found only in the homes of the very
rich; the violin on the other hand, was considered
to be the instrument of common fiddlers and
street musicians. To lend weight to this ancient
opinion, a Stradivarius violin when new would
have cost about £16, whereas a good lute would
have cost about £100.

A Baroque lute had as many as twenty-six
strings and a fingerboard more than four inches
wide, which made it a most difficult instrument
to play. All lutes are difficult instruments how-
ever, with their wide finger boards and groupings
of strings, many of which are tuned in pairs; this
together with the desire to fit even more strings,
led to the decline of the instrument. Another
great hazard was the maintenance of the “tune’
of the strings. We take nylon strings for granted,
but in the heyday of the lute, it has been said
that if a lutenist lived for eighty years, at least
sixty of them would have been spent in tuning
the gut strings of his instrument.

Lutenists were normally retained by the nobles
and rich gentry of the period but it was often
necessary also to retain the services of a lute
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tuner. Small wonder therefore that it often cost
as much to keep a lute as it did to keep a coach
and pair!

The great lute makers, or Luthiers, of the day
were of German origin but working in Italy; Hans
Frei, Wendelin and Gaspard Tieffenbrucker,
Maler and Hartung, being the best known. Un-
fortunately few of their instruments survive in
their original form. The fashion for more strings
to increase the repertoire, caused the instruments
to be modified and strengthened to support the
increase in string tension and this wusually
succeeded in damaging the instrument or at
least severely diminishing the tone.

Bill Samson was converted from an electric
guitar — that cacophonous symbol of present day
‘pop’ music — to the more melodic and infinitely
more demanding lute and its music after watch-
ing a performance on television given by Julian
Bream, the celebrated guitarist. The conversion
was a systematic affair, graduating through a
year's study of the classic guitar, which gave
him experience of intricate fingerwork and so
building up the dexterity which the wide finger
board and the many strings of the lute would
demand.

When it came to buying an instrument, the
local music shops could offer no help, nor were



they forthcoming with literature, so with just two
prints of old lutes to help him, he set about build-
ing his own. The result was a not-very-good copy
of an eleven stringed early sixteenth century
instrument, made with insufficiently seasoned
wood and an internal support structure that would
have given the early German masters heart
failure. The tone was weak, but during its short
life it did at least provide a platform for practice
sufficient to whet the appetite for better things,
so he set about the construction of Lute Mk. Il

This time he had some help; during the short
life of the first instrument he had been introduced
to a classical guitarist who had constructed a
passable lute with the aid of a book from the
Dundee reference library. The book, ‘Musick’s
Monument’ by Thomas Mace contained a section
on the upkeep and repair of lutes which included
a suggestion that to maintain the tone of the
instrument it should be kept in ‘a well used bed!’
Another book which contributed much to the
venture was ‘Musical Instruments through the
Ages’ edited by Anthony Baines, which con-
tained an article by M. W, Prynne, together with
a photograph of the internal structure of a Hans
Frei instrument.

The story of how Mk |l was built is best told
in Samson’s own words:

Lifting the back from the mould.
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‘Apart from finding the materials which was
the biggest task of all, the construction of the
instrument took about three months. This time
could have been shortened, but | could only work
on those weekends when | could get home to
Forfar where | had my workbench and tools.

A mould of the inside of the instrument is
made and the gourd-like back constructed around
it. The back is usually made of nine or more strips
of hardwood, no more than 1.5mm thick, which
are first moulded to shape on an electricaily
heated bending iron.

The front is made from Balkan Spruce from
the Mittenwald forests in Germany. Two matching
boards are glued edge to edge with the close
grain toward the centre, then planed to about
1.5mm. The elaborate and traditional rosette is
carved in the centre, and six reinforcement strips
are glued to the underside, then the back and
front are glued together.

The neck and pegbox of the instrument are
then made and dovetailed into the body. This is
a very exacting task which must be carried out
very accurately because the ‘playability’ of the
instrument depends upon the angle at which the
neck meets the body. If the angle is too great, too
much pressure will have to be applied to depress
the strings, if too shallow, the strings will buzz
against the fingerboard when they are plucked.
Finally, the bridge is glued on and the instrument
is varnished. Strings are fixed and tuned and the
acid tests applied — the tone! If this is very poor
then it may necessitate unglueing the front and
modifying the thickness of the panel or the sup-
port strips. The aim is to reproduce the authentic
lute tone of the renaissance instruments.

| took Mk Il to the Lute Society Summer School
in August 1967, where apart from tuition in play-
ing, most of my time was spent in discussion with
others who, like myself, had built their own
instruments, and with professional Luthiers like
lanHarwood, Maurice Vincent and Sandro Zanetti-
Golay, the distinguished Swiss Luthier.

Lute makers exhibit a freemasonry quite unlike
the makers of (for instance) violins, and will
discuss their manufacturing techniques without
reserve. This is probably due to the fact that many
of them have long waiting lists for their instru-
ments, some of them extending into years, so
that they are not subject to the intense competi-
tion which exists among the manufacturers of
other musical instruments.

| am now working on Lute Mk {ll and with the
experience gained in the making of the first two,
plus the knowledge acquired at Summer School
and from talking with experts, | have high hopes
of being able to produce quite a passable instru-
ment’.



profile

Professor D. H. Wilkinson, FRS

Professor Denys Haigh Wilkinson the new chair-
man of the Nuclear Physics Board, was a founder
member of the National Institute for Research in
Nuclear Science which was incorporated in the
SRC in 1965. He is an internationally respected
physicist who is perhaps best known for two
major contributions to the instrumentation and to
the theory of the science.

Born in Leeds in 1922, Professor Wilkinson
was unwillingly transported from the County of
Cricket to Leicestershire at the age of six months,
but he still remains a loyal Yorkshire supporter.
His educaticn began at Loughborough where he
showed a pre’erence for chemistry and physics.
He won a schotarship to Cambridge in 1940 and
worked equally on both subjects until events con-
firmed physics as the subject of his choice. He
became involved in atomic weapons research and
this led, in 1943, to participation in the British
and Canadian atomic energy projects, firstly at
Cambridge, then at Montreal and Chalk River. In
fact he was the first scientist to carry out an
academic experiment on a nuclear reactor out
side the United States.

One of the absorbing interests in Professor
Wilkinson's life has been the study of birds and
the first scientific paper he ever published was on
the subject of bird navigation. This was in 1846
when he was forced by iil health to ‘retire’ from
nuclear research. He had contracted radiation
sickness and was given only six months to live,
but within a year he had ‘'mysteriously recovered’
and was back at work at the Cavendish laboratory
where he set out to explain and improve the elec-
tronic devices used to detect and analyse nuciear
particles. He was the first to give a coherent
account of the operation of a Geiger counter
and his book has become a classic. He also in-
vented the principle of analogue to digital con-
version which is now the basis of a multi-million
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pound instrument industry. Unfortunately the
Professor did not take out a patent so has not
received any financial reward for his invention.

Professor Wilkinson has lectured extensively
in the United States and in the five continents. He
was made a Fellow of the Royal Society in 1956
at the age of 33 and among the many honours
which have been granted to him are included
the Holweck Medal of the French and British
Physical Societies and the Hughes Medal of the
Royal Society.

The pressure of his professorial and commit-
tee duties inhibit his ability for experimental
work in this country, so the Professor largely
confines his experimental research activities to
Brookhaven in America where he is undisturbed
and free from official distractions.

In his early years, the Professor was a keen
sportsman; at college he took part in athletics
and rock climbing, gained a Blue for the high
jump and was in the first team for lawn tennis.
He was also interested in literary matters; he
edited the school magazine and was for many
years the drama critic of the Cambridge Review.
He has always been very fond of music and
possesses what is probably the largest private
collection of pre-Bach recorded music in Oxford.
Nowadays his main outside interests are
medieval art and church architecture.
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HAPPY BIRTHDAY

How many members of SRC Space Division
remembered to ‘tip a cup’ to Ariel Ill during
Sunday tea on May 5th?, because at precisely
five o’clock that day the satellite completed 5,518
orbits and exactly twelve months in space.

This first all-British satellite is a great success
and has sen! back to earth something like four
hundred million words of data from the six ex-
periments it carries. Most of the data has been

processed by the Atlas Computer Laboratory and
RSRS.

Some of the final results were displayed by
SRC around the flight engineering model of the
satellite at a symposium held in the beauiful
new home of the Royal Society in Carlton House
Terrace.

In the photograph, Mr. J. F. Smith, who was
the SRC Project Co-ordinator, explains one of the
experiments to a visitor.

ARIELIEL
THE FIRST ALL-BRITISH SATELLITE
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ESRO !l carries seven experiments designed
to study the sun and cosmic radiation. Five of
the experiments are from British universities
and will continue measurements similar to
those carried out by Ariel Ill.

For the technically minded, the satellite weighs
163 Ibs. It has a polar orbit with a perigee
of 217 miles and an apogee of 684 miles. It
will circle the earth in 99 minutes and each
day its orbit will move one degree eastward to

SRC is the agency carrying responsibility for
UK participation in ESRO. In 1967/68, the
UK contribution was 4.5 million pounds.

keep it within sight of the sun.
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RUTHERFORD'S BUBBLE CHAMBER IS LARGEST IN THE WORLD
Also on display at the Royal Society symposium was a model of the large helium bubble chamber constructed as a joint
project by the Oxford University Department of Nuclear Physics and the Rutherford Laboratory. It is the largest of its
type in the world and contains 200 litres of liquid helium; the internal dimensions are 81cms by 40cms by 43cms deep.

VANQUISHED . .. SRC were well and truly beaten by a
MPBW team in the Curtis Bennett Shield match at Har-
well in May. They were all out for 48, Kershaw of MPBW
taking eight for nineteen. In reply, MPBW made 52 for 2.
Top scorer for SRC was Ray Smith (11).

Glasgow University’s 100MeV electron linear accelerator,
the largest yet built in Britain, was opened on June 10 by
Professor Blackett, O.M., C.H., President of the Royal
Society. There are now eight nuclear physics accelerators
in British universities and the Glasgow linac is intended
to serve the needs of Scottish universities.
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‘NO ... ITISN'T A QUASAR OR A QUARK ... I THINK IT'S JUST A WORM-CAST.’

In fact it was a (seemingly pessimistic) inspection of the wicket by the Astronomer-Royal (left) and Dr. Sax:on during
a match which was played between RGO and RSRS on June 16.

‘Greenwich’ bowled out ‘Radio’ for 122 and went on to get the winning runs for the loss of only three wickets.

Top scorer for Greenwich was J. Hobden (44 n.o.). J. Philcox took 4 for 20, J. Hutchins 4 for 41 and Sir Richard 1 for 11.
Top scorers for Radio were N. Hussain 40, C. Bolton and E. Bramley 29. photo D. Calvert
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profile

Professor Sir Bernard Lovell, OBE, FRS
Chairman of the ASR Board

Who's Who devotes forty-eight lines to a cata-
logue of places, dates and distinctions awarded
to Bernard Lovell the Scientist, but gives no hint
at all as to the nature of the man. He has been
described as an academic, detached, and severe,
but these impressions are quickly disproved by
his latest book ‘The Story of Jodrell Bank’. This
fascinating account of the agonising, sometimes
desperate struggle to build the famous radio
telescope is based on his diaries, so that the
reader is quickly caught up in the excitement of
the project. It is impossible to read this book
without it creating a great feeling of admiration
for his determination to succeed despite over-
whelming odds and sympathy for the periods of
utter dejection he experienced during some of
the many setbacks.

No-one in the world had any experience of
building such a colossus, so the engineering
prablems, financial guesstimations and the sheer
magnitude of the project forced the small group
of scientist, engineer and university Council to
‘play it by ear’. Unfortunately they were playing
with public money and the keepers of the public
purse were highly sceptical of the soaring costs.
The project floundered in a financial morass, with
debts piling up and criticisms being fired from
all directions. At one time, Sir Bernard lived under
the shadow of being personally responsible for
debts totalling a quarter of a million pounds, with
a very real threat of imprisonment and the end
to his career.

The result, as we all know justified the faith
of the group and the instrument enjoys a unique
position in the minds of the general public and
in the scientific world. One book reviewer called
it ‘"Our National Dish’, if this be so, then assuredly
Sir Bernard Lovell is the Chef de Cuisine.

Sir Bernard was born in a small village near
Bristol and at grammar school devoted far more
energy to proficiency at the wicket than to gaining
academic kudos and was quite ready to leave
after taking his School Certificate. It wasn't until
he entered the Physics Department of Bristol
University in 1930 that he settled into a routine
of serious study. It was during that crucial six
year period that he became enthralled by the new
discoveries in physics and the revolutionary
advances being made in astronomy due to the
introduction of the 100 inch telescope.

He left Bristol in 1936 and went to Manchester
as an assistant lecturer in the Department of
Physics. A year later he married and was invited
to join a team headed by Professor Blackett to
study cosmic rays. The advent of war took him
to the Air Ministry and to the Telecommunications
Research Establishment where he worked on
microwave radar.

He returned to Manchester in 1945 in an army
truck towing a gun laying radar set, with which
he eventually began his studies of large cosmic
rays at a site in Jodrell Bank which belonged to
the Botany Department of Manchester University.

The Professor is very fond of music and
gardening and still finds time to play cricket,
which he takes quite seriously as illustrated by
a passage in his book: in September 1959 when
the Russians telephoned to inform him of the
launch of Lunik 1l which was aimed to land on
the moon, the Professor was preparing to skipper
the local cricket team; the American contingent
based at Jodrell were being pressed by Washing-
ton to track the moon probe, but when they asked
what the Professor intended to do, he replied
‘play cricket’. It is part of history now of course,
but he returned to set the telescope in motion
and actually recorded the moment of impact on
the moon . . . in the excitement of the moment
he evidently forgot to record in his diary the
result of the cricket match.
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an SRC astrophysics research
unit at Culham Laboratory

The formation of an astrophysics research unit
at the Culham Laboratory under SRC funding and
control was announced in December 1967. The
new unit is directed by Dr. R. Wilson
and was formed from the Spectroscopy Division
of the Culham Laboratory of the UKAEA. It takes
over the programme of research of the Spec-
troscopy Division with some changes to align it
to astrophysical aims rather than those of con-
trolled thermonuclear fusion. The staff trans-
ferred to the new unit total about 30, mainly
scientists, engineers and technical support staff,
and they continue to enjoy the support of
services and facilities from the Culham Labora-
tory. The annual scientific budget of the new
unit (excluding salaries and overheads) amounts
to about £100,000. Control of the scientific pro-
gramme was transferred to SRC in April 1968
and transfer of staff and administration is
planned for April 1969.

The laboratory, which is situated in pleasant
country near Abingdon in Berkshire, was built
during 1962—-1964 to create a centre for control-
led thermonuclear research in the United King-

W. G. Griffen

dom. The staff was formed by the amalgamation
of separate groups working at Harwell and Alder-
maston and, in 1967, about 800 were employed
at Culham, about 250 being professional scien-
tists or engineers. In July 1967, following a
re-appraisal of the progress towards and the
potentialities of thermonuclear fusion for the
generation of electric power in the UK, the
UKAEA announced a run-down in the scale of
fusion research by about 50% over a five year
period. This decision led to a review of program-
mes of research at Culham including the work
of the Spectroscopy Division; this work although
undoubtedly of considerable scientific value had
become of less significance to the fusion pro-
gramme, partly because of the progress already
made in the spectroscopic field but essentially
because the immediate problem of fusion had
resolved into one of plasma containment.

The main entrance at the Culham Laboratory. The
large block above the entrance proper houses the lecture
hall. The sculpture opposite the entrance is by Jeffrey
Clarke and is symbolic of sheared magnetic surfaces in
a plasma.



The part which spectroscopic observation had
played in the study of high temperature plasmas
for fusion research, developing from the work on
ZETA in 1956-58, was a considerable one. This
was a consequence of the basic nature of the
spectroscopic method but also of the limit-
ations of other methods of investigation imposed
by the physical conditions within the plasma, for
example a temperature of about 1 million °K and
a density of 10 particles per c.c.

Emission spectroscopy in the vacuum ultra-
violet (VUV) region with wavelengths of 300A
to 3,000A and in the soft X-ray region (XUV)
with wavelengths of 3A to 300A have been the
most useful for plasma investigations. Because
the technigues, methods and the data available
for these regions were at first inadequate, some
research and development was necessary before
spectra of adequate quality were obtained and
satisfactarily interpreted. A series of papers on
various aspects of spectroscopy at these wave-
lengths including instrumental developments, in-
tensity calibration techniques, measurements of
cross sections and the production and identifi-
cation of new spectra were published between
1958-1968; these papers provided the basis of
the international reputation now established in
the field.

Because of the considerable physical similarity
between the plasmas produced in fusion devices
such as ZETA, and those occurring naturally in
the atmosphere of the Sun and stars, comparisons
between the spectra and the conditions producing
them were instructive and occasionally even
remarkable. The valuable interplay between fusion
and astrophysics led, in 1961, to a proposal to
the UKAEA and the British National Space Com-
mittee for Space Research to use the expertise
and experience gained in the study of fusion type
plasmas to carry out studies of the vacuum ultra-
violet and soft X-ray spectra of the Sun from
above the earth’'s atmosphere. It was expected
that the improved understanding of the physics
of the solar atmosphere which might result from
these studies could well have a significant bear-
ing on the problems of plasma heating and
containment which were so vitally important for
the fusion programme.

The Skylark rocket already used in the UK
space research programme was ideally suited to
this proposal but an essential requirement for
such a programme was the development of a
stabilised platform for the scientific package
which would enable the spectrographs to be
pointed accurately towards the Sun.

Proving flights of Skylark rockets with stabil-
ised platforms instrumented by the Culham group
were carried out from the Woomera range in
Australia with considerable success, in August
and December 1964; a pointing accuracy of
about b arc sec was achieved, more than adequate
to resolve spectra from the solar limb region.
Spectra were obtained in the VUV region down
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to 950A but the altitude was insufficient to record
soft X-ray spectra. In the following year two
Skylark flights with rockets equipped with the
higher performance Raven VIA motor were made
achieving altitudes of 210 km; these flights
afforded excellent spectra in both VUV and soft
X-ray regions. Further flights in this programme
have since been made and have provided high
quality spectra in the VUV and soft X-rays regions
for different limb and disc positions on the Sun.
These spectra have provided new data for the
development of theoretical models of the solar
atmosphere and this work is proceeding both at
Culham and elsewhere.

In May 1965, ESRO commissioned a detailed
study of a scientific payload of a Large Astrono-
mical Satellite (LAS) to make VUV observations
of the spectra of stars. This study, which was
carried out by a UKAEA sponsored team led by
Dr. R. Wilson and including several members of
the Spectroscopy Division, was completed in
January 1966. The report was adopted by ESRO
in July 1966 but financial difficulties have so far
prevented its implementation.

Thus by 1967 the scientific programme of the
Culham Spectroscopy Division had already deve-
loped a strong astrophysical interest. While such
a programme might no longer be important in a
curtailed fusion programme there was little doubt
about its value and significance in an astro-
physical context. Thus, in December 1967, the
Science Research Council decided to take the
responsibility for this work and to incorporate the
scientific programme within that of the Astro-
nomy Space and Radio Board.

The account is now brought up to date. What
of the future? The scientific programme of the
unit has now been planned in outline for the
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Sunlight testing of spectrographs of a Skylark rocket
payload assembly.



next five years. Although the subjects to be
covered and general distribution of effort will be
similar to previous years, there will be expansion
in some areas, particularly in the space research
activities.

The programme of laboratory experiment will
continue as before to obtain cross-sections and
other data necessary for the understanding and
evaluation of observed solar and stellar spectra.
A new 40 kJ theta pinch device has been built
which will provide a hot plasma (Te = 250 ev),
sufficiently well understood for useful studies of
soft X-ray spectra of highly ionised atoms similar
to those produced in solar flares. Theoretical
work is in progress to try to improve our ability
to calculate the basic features of complex spectra
of this type. Further, in co-operation with physi-
cists from Glasgow University it is hoped to make
a substantial advance in our intensity calibration
ability by employing the optical continuum emis-
sion from the Glasgow electron synchroton as a
secondary light intensity standard. The synchro-
ton continuum extends over a very wide spectral
range from the soft X-ray region well into the
visible and near infra-red regions and has the
valuable feature that the spectral distribution of

intensity is calculable from the synchroton para-
meters.

In the programme of studies of naturally occur-
ring plasmas, the solar VUV observations from
stabilised Skylark rockets will be extended with
the emphasis on particular aspects of the coronal
and chromospheric physics rather than with the
broad surveys made hitherto. Flights early in 1969
are planned for payloads employing a crossed
diffraction-grating and echelle spectrograph with
high spectral resolution (0.02 A) to make pos-
sible studies of the widths of solar spectral lines
in the VUV region. The line profiles depend on
opacity effects in the source region and also on
broadening by Doppler motion of the emitting
ions, so that study of the line widths (about
0.1 A) could provide temperature measurements
for different regions of the solar disc.

However in the future a large part of the space
astrophysics work will be concentrated in a
phased programme of studies of VUV spectra of
stars and nebulae from Skylark rockets which
received approval and funding during the year.
This programme of stellar exploration will have
access to an enormous range of observation, in a
field hardly broached. It can look at stars differ-

ARU staff and others making pre-flight checks on a Skylark rocket payload at the Woomera range in July 1964.
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ing very widely in physical constitution, with a
choice from many hundreds bright enough for
observation (brighter than 5th magnitude}. Ex-
tended stellar sources and also the spectral
absorption of the interstellar medium can be
examined. The implication of such a programme
in terms of our understanding of the physical
nature of stars and of inter-stellar matter could
be profound.

The first stage of this programme, which is a
joint venture with University College, London,
employs a simple slitless spectrograph with
vehicle stabilisation requirements similar to that
of the solar experiments; parachute recovery of
the film is required as in the solar programme.
The first flights are scheduled for early 1970.
Later stages of the programme will employ tele-
scopes to increase the light gathering power
thereby making possible the viewing of stars
down to 5th magnitude. These experiments will
demand a high degree of platform stabilisation
(about 1 arc sec) involving the development of
more sensitive pointing systems. Later payloads
may use photoelectric detection instead of photo-
graphic film to increase the sensitivity and more
sophisticated spectrographs to increase the
spectral resolution.

In addition to these experiments in the national
programme, several scientific payloads are in pre-
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Comparison of spectrograms of the Sun and ZETA
showing notable simularities in the region 140A—220A.

paration for VUV and soft X-ray observations of
solar and stellar spectra from rockets to be fired
in the ESRO programme.

The unit is also involved in several VUV space
experiments in association with University
groups. Scientific payloads for high resolution
studies of the resonance lines of Mg Il across the
disc of the Sun are being prepared in collabora-
tion with Queen’s University, Belfast for Skylark
rocket and for balloon platforms. The feasibility
of using rocket VUV observation during a scan
of the solar disc by the moon at a total eclipse
(1972 North America) to obtain precise informa-
tion about the structure of the solar atmosphere
is being examined in association with Imperial
College and groups in the USA and Canada.
Finally X-ray experiments for Leicester University
have been flown with Culham instruments in
many of Skylark solar flights. In addition to these
joint ventures with University groups, academic
links have been further strengthened by a working
arrangement which has been established with
University College, London for further joint ex-
periments and for various academic exchanges.

For the staff of the unit the future should be
exciting and if only a fraction of projected aims
are achieved, the accomplishment will be con-
siderable.



Leopards, landscapes, and ‘Royal’ telescopes

a short account of the work of the
Royal Observatory, Cape of Good Hope

The Royal Observatory, Cape of Good Hope, was
founded in 1820 for the improvement of practical
astronomy and navigation. At this time, although
several northern observatories were engaged in
the determination of the positions of stars, the
southern sky had been very neglected. The reason
for this is not hard to find; most of the countries
south of the equator were not highly developed
at the beginning of the nineteenth century.

The Observatory was built about three miles
from the centre of Cape Town in what was then
a rather isolated position. However, it was near
enough to Table Bay to allow visual time-signals
to be given from the Observatory to vessels in
the anchorage. Fallows, the first HM Astronomer
at the Cape, chose a site which was part of a bare,
rocky hill covered with thistles and infested with
snakes; the jackals howled dismally around it at

J. B. Alexander

night-time and a guard of soldiers was required
to protect the property of the Observatory from
theft.

Sir David Gill, who was HM Astronomer at the
Cape at the turn of the century describes an
incident in these pioneer days. ‘After the Observa-
tory building had been nearly completed but
before the scaffolding and ladders had been
removed, Fallows went into the mural circle room
one evening, after the workmen had gone, to test
the opening of the shutters. He had prided himself
on the design of these shutters and the ease with
which any particular one could be opened. But
on pulling the rope to open the shutter for ob-
serving zenith stars, he found that it would not
move. He ran up the staircase leading to the roof,
peeped out of the door at the top, and there
comfortably seated on the central trap door of



the meridian opening, was a large leopard. The
astronomer and the leopard both disappeared
rapidly in different directions.’

Determined to avoid a recurrence of this
unpleasant experience, Fallows opened a school
and taught the children of the nearby farmers for
a fee of one load of earth for each lesson. The
soil was used to cover the bare rock and this not
only helped to remove the menace of the snakes
but it allowed trees to be planted as a wind-break.

When the Cape Observatory was founded, there
was a real need to improve the determination of
the positions of stars for practical purposes. The
precise positions of a relatively small number of
southern stars were required for navigation and
for the determination of time. However, the
urgency of this problem became less and less as
data of greater accuracy were accumulated. In
the late seventeenth and in the eighteenth
centuries, the main academic interest in
astronomy was in the dynamics of the solar
system.

Although this topic is still an active field today,
it occupies only a small fraction of the total man-
power engaged in astronomical research.

A series of rather gradual developments in the
nineteenth century, followed by the very rapid
advances of this century, has greatly broadened
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the outlook of astronomers. Astronomers are now
very much interested in stars as entities in them-
selves; their positions, colours and spectra are
studied for their own sake with no direct utili-
tarian view in mind. The Cape Observatory has
shared in this general trend, at the same time
continuing with the older aspects such as the
provision of a time-service. We shall not review
the history of nineteenth century astronomy in
any detail, but we shall briefly mention two very
important developments where the Cape Observa-
tory made a major contribution. These are the
derivation of the distance to a star by Henderson,
and the introduction of photographic techniques
on a large scale by Gill.

Conjectures as to the distances of the stars
had been made by several scientists a long time
ago. These were either lower limits based on the
absence of any sensible parallax or estimates ob-
tained by assuming that the intrinsic luminosity
of a typical star is the same as that of the Sun.
Because the Earth moves in an elliptical orbit
around the Sun, a nearby star will appear to des-
cribe a small ellipse in the sky relative to a
much more distant star. Three astronomers,
Bessel in Germany, Struve in Russia and Hen-
derson in South Africa, all made a reliable deter-
mination of the distance of a ‘fixed’ star at about
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the same times using this parallactic method.
Henderson's results for the bright southern star
Alpha Centauri were published in 1839,

Gill, who was one of the greatest observational
astronomers of his time, made an outstanding
contribution to astronomy with the introduction
of photographic catalogues of the sky. When he
examined plates of the great comet of 1882 taken
with a portrait camera, Gill noticed how many
stars were visible on the longest exposure. He
immediately conceived the idea of taking direct
photographs of the entire southern sky. Photo-
graphy had been used before this in astronomy,
but Gill was the first to use it in star charting.

The present Royal Observatory has a total com-
plement of 55 people, of whom about 30 are
directly involved in astronomical work. The
majority of the staff are South Africans, but over
half of the observational astronomers are based
at the Royal Greenwich Observatory, Herst-
monceux and are seconded to the Cape for a
limited time. (The most common period is three
years). In addition, there are often visiting astron-
omers from abroad and graduate students from
the University of Cape Town using the facilities
of the Observatory. The association between the
Observatory and the University has for long been
a happy and fruitful one. However, it was only
in 1957 that this connection was formalised by
the creation of a Department of Astronomy in the
University, with the present H.M. Astronomer at
the Cape, Dr. R. H. Stoy, as Professor.

The two largest telescopes are the Elizabeth
reflector and the Victoria refractor. The Elizabeth
has an aperture of 40 inches and was installed in
1963. 1t is used mainly for photoelectric
photometry. The Victoria is a multiple refractor
with a 24 inch photographic objective and an 18
inch visual objective. It is used for the determina-
tion of trigonometric parallaxes and for photo-
electric photometry. There are also 30 inch and
18 inch reflectors, a 13 inch refractor, a 6 inch
meridian cicle, a Danjon prismatic astrolabe and
two photoheliographs, one for photographing the
Sun in white light and the other in the light of H
alpha. A variety of wide-angle cameras are used
for astrometry and for photometry. Observations
of artificial satellites are made with the Askania
Kinetheodolite. The Cape staff also share in the
use of the 74 inch Radcliffe reflector at Pretoria
which is at present an SRC responsibility under
the terms of a seven year agreement with the Rad-
cliffe Trustees. Most of the observing time there
has been spent doing radial velocity work on
individual stars, planetary nebulae and galaxies.

The Cape Observatory is well-known for
its work in positional astronomy. The transit
circle, which is in regular use for observing the
positions of stars and planets, is of particular
importance since the Cape instrument was for a
long time the only one in the southern
hemisphere. In recent years, observations made
with the astrolabe have served as a check on the

systematic accuracy of the previously adopted
positions of some of the bright stars in the
southern sky. Experiments are being conducted
with photographic plates secured with a wide-
angle lens; using the method of overlaps, it is
hoped to obtain greatly improved relative posi-
tions {and in time, proper motions} of stars
widely separated from each other in the sky.

Mention must be made of the Cape Photo-
graphic Catalogue for 1950. This immense under-
taking has just been completed after 25 years
work. This catalogue gives accurate positions for
68,397 stars. Unlike its northern counterparts,
it also gives newly determined proper motions,
magnitudes, colours and spectral types. It is a
mine of information both for the statistical
astronomer and for the astronomer looking for
individual stars of special interest.

In the field of photoelectric photometry, much
work has gone into providing standard stars with
accurately determined magnitudes and colours.
Bright stars all over the southern sky have been
carefully observed; these can be conveniently
used as secondary standards. A large amount of
routine photometry on stars of intermediate
brightness (e.g. nearby stars, RR Lyrae variables)
has also been carried out during the last few
years. Photometry of faint stars is no longer pos-
sible at the present site because of the brightness
of the night sky, but there is a possibility of
moving the Elizabeth telescope to Sutherland,
235 miles inland from Cape Town, which has
a climate favourable to optical astronomy.

Considerable attention has been paid to a
study of the nearest stars in the southern sky.
Trigonometric parallaxes have been obtained with
the Victoria telescope. Radial velocities of these
stars have in many cases been obtained from
spectra taken by Cape personnel at Pretoria.

Radial velocities have also been obtained -of
objects of special interest such as selected stars
in the globular cluster Omega Centauri, RR Lyrae
and W. Virginis stars, planetary nebulae and
galaxies. For the fainter objects, a specially fast
spectrograph has been designed for the Newton-
ian focus of the Radcliffe reflector; it has now
been in use for a few years. Finally, we shall
make some general comment on the need, as we
see it, for astronomical observations in the
southern sky at the present time.

In certain branches of astronomy, there is a
need to balance northern observations with
southern ones in order to eliminate certain types
of systematic errors. However, one of the main
reasons for observations of the southern sky is
that it contains considerably more than half of
the interesting objects in the entire sky. The
centre of our Galaxy is only observed with diffi-
culty from California, but it passes near the
zenith in South Africa. Observations of the
Magellanic Clouds, the nearest galaxies to our
own, can only be made from a site which is far



south. A 20-inch telescope working on the Magel-
lanic Clouds can detect stars which have the
same intrinsic brightness as stars in the Androm-
eda nebula which are at the very limit of the
capabilities of the 200-inch telescope on Mount
Palomar. There are also of course a great number
of interesting objects in the general field in the
southern sky. Since there are far fewer observa-
tories south of the equator than north of it, the

interesting objects in the south tend to have been
observed far less than corresponding ones in the
north. There is therefore a great need for con-
tinued observations of an astrometric, photo-
metric and spectroscopic nature in the southern
hemisphere. The advent of the large telescopes in
Australia and South America in the near future
will increase rather than decrease the demand
for observations with telescopes of moderate size.

Dr. D. S. Evans at the controls of the Victoria telescope.



enquiries from the general public

Some experiences of an Observatory spokesman

R. H. Tucker

It all started about a year ago.

The telephone rang. Being rather busy, |
sighed before picking up the receiver and giving
my name.

It was the DCSO.

‘Could you spare a minute to come over and
see me?’

| decided | wasn't so busy after all. You know
how it is.

| made my way to his office. (What's up now,
| wonder?)

‘Take a seat’ (Good sign. Nothing catastrophic,
anyhow.)

‘You know Mr. R has retired?’

'Yes | knew that, R had been quite a pal of
mine. Nice chap.

‘Mr. R was responsible for dealing with letters
from the public and for arranging the conducted
tours of the establishment.’

Aha, the light begins to dawn!

‘It has been decided to ask Mr. S to look after
the conducted tours. We should like you to deal
with the letters. You will also share with Mr. S
the duties of Press Officer.’

The blow had fallen. | gazed with wild sur-
mise, but was silent.

"This does not involve answering all the letters
yourself. In many cases you will be able to send
them to other people for reply. You will soon get
to know who is the best person to provide an
answer on a particular subject.’

I thought that this was a rather novel way to
make friends and influence people. After a brief
discussion on minor matters, | said | would do
my best and left the Presence.

So now to work. First job, take over the file.
Judging from the size of the file, ‘Enquiries from
the General Public’ accounted for a large fraction
(it turned out to be about ten per cent) of the
establishment’s correspondence, but this was
hardly surprising; after all, the Royal Greenwich
Observatory is well known and is surely the
obvious place to consult on the many astronom-
ical topics which are so puzzling, and so fascin-
ating, to the ordinary citizen.

It was soon discovered that there was a bit of
a backlog to catch up. This eventually amounted
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to about thirty letters. On several of these R had
made notes to assist in drafting replies, so | de-
cided to polish these off by taking them all home
for the weekend. By the Monday morning | had
twenty-six replies drafted, and the typing pool
sent in a relay team who took the dictation in
batches of eight letters at a time. This was my
first real experience of dictating, and | was
greatly impressed by the magnificent way in
which the young ladies rose to the challenge.
After this operation, the job reduced to dealing
with the letters as they arrived, usually a steady
trickle of about eight per week, with occasional
periods of greater activity when some astro-
nomical subject aroused public interest.

At first there seemed to be no pattern in the
letters; most of them contained specific ques-
tions, and required individually drafted replies,
based on standard reference books, or on a littie
research in the library. My education began to
make spectacular progress as | grappled with
such problems as the state of the tide in Peven-
sey Bay on a certain date in 1703, the strange
‘dark day’ in New England in 1780, the meteor
shower in 1833, the possibility of there being
more than one Sun, and the identity of a bright
star or planet seen in a certain direction at a
certain time.

After the first two months, however, it became
noticeable that a fair proportion of the letters
came from school children who asked for leaflets,
pictures or information which could be incorpor-
ated in a ‘project’ they were doing at school.
The same answer would serve in all these cases,
and a stock reply letter was adopted and dupli-
cated, referring the enquirer to the local public
library, and to the standard sources of informa-
tion. When similar letters began to arrive from
the USA, another stock reply was composed, giv-
ing American standard sources, and including a
brief summary of the history of the Royal
Observatory.

Some of the letters written by children are not
connected with their school work, but these are
extremely interesting, because the writers are
obviously strongly inclined to astronomy in their
tender years, and stand a good chance of making



it their chosen hobby or profession in due course.
As the Observatory is now recognised as being
concerned with scientific research, we follow the
policy of giving encouragement to all such
enthusiasts, and endeavour to answer their ques-
tions in full detail. The preparation of such
answers may involve several hours of work, for it
is well known that children’s questions often go
right to the heart of the matter, and the young
mind is not easily deceived, as any conjuror will
tell you.

The question which took the longest time to
answer came from a boy in Oxfordshire who be-
came interested in single and triple conjunctions
of the planets Mars, Jupiter and Saturn. These
conjunctions are events which occur from time
to time, and follow a pattern which seems to be
irregular over the years, but is actually regular
over the centuries. The problem is similar to the
fascinating way in which eclipses of the Sun and
Moon fall into a pattern when considered over
the centuries, but the difference is that eclipses
have been documented in detail over several
thousand years of the past and future, while
planetary conjunctions have not.

A class of letter which is not so welcome
comes from people who hold unorthodox views,
and who complain that there is a conspiracy
among established scientists to suppress the un-
orthodox ‘truth’ and to compel conformity with
orthodox ‘falsehoods’. It would be very easy to
dismiss these writers as eccentrics, and to ignore
them, but this does not seem a very scientific
thing to do. It can well be imagined that if New-
ton or Einstein had presented their novel theories
in correspondence, the views would have ap-
peared very unorthodox indeed, but the person
who decided to ignore them would have done so
at his peril. It may be irksome to conduct a futile
argument with the gentileman in India who flatly
denies the rotation of the Earth, or with another
in Lancashire who sees diagrams proving Pythag-
oras’ Theorem formed by stars in various con-
stellations, but courtesy and patience cost little,
and it does help these people to know that at
least somebody has taken the trouble to read
their letters.

Occasionally there is a letter which is com-
pletely incoherent, usually without an address
for reply, to which an answer is quite impossible;
and there was one example so offensive that it
merited immediate destruction.

A sharp increase in the number of incoming
letters followed the widespread reports of sight-
ings of Unidentified Flying Objects in the autumn
of 1967. Many people who had seen such things
over the years, but who had not dared to say so,
now plucked up courage and sent in their des-
criptions of saucer shapes, cross shapes, spheri-
cal shapes, cigar shapes, hovering, moving
rapidly, flashing red lights, pulsating orange
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lights, silent, humming deeply, flying alone, fly-
ing in formation, departing rapidly, departing
slowly, vanishing into thin air. One or two of the
sightings could be identified with a bright star
or planet, but most were clearly not astronomical
at all.

After this episode things quietened down a
little, and we got back to the usual run of school
projects, and ‘could you recommend a good star
map’, and ‘is space really infinite’, and ‘what was
the time in Bombay when it was 8.5 a.m. in the
Malay Federation in 193772’

There are a good many other people who are
interested in the complications and details of
Time, including Summer Time, Zone Time, and
that far-off mystery the International Date Line,
where you have to alter the calendar rather than
the clock. The calendar itself causes one or two
puzzles about Leap Years, and what was the first
day of the 20th Century, and were there only
365 days in the year in ancient Egypt? The Moon
often attracts attention, and people want to know
all about its size and motion, and why was there
no Full Moon in February 1866? One or two
people can remember seeing an eclipse, or a
comet, in their early days, and now wish to fix
the date when it must have happened.

The other planets of the Solar System are
a favourite topic for study by various folk ranging
from a Londoner who is busy finding out whether
there is an undiscovered planet beyond Neptune
and Pluto to the Oriental philosopher who informs
us that Jupiter is drawing atoms into itself, and
that something exciting will happen on a certain
date. The periodic comets are of great interest
to histarians as providing a means of fixing dates
in the past. One school-girl looked up the dates
of recent apparitions of Halley's Comet, and com-
plained that the figures did not work out right
if it appeared in 1066. She was quite correct: the
interval between apparitions has varied consider-
ably over the two thousand years since the earli-
est Chinese record of a sighting of this comet,
and all credit to the young lady for discovering
this little-known fact for herself.

One of the smallest members of the Solar
System has recently come into the limelight,
namely Minor Planet 1566, otherwise known as
the asteroid lcarus. Its claim to fame is that it
was expected to pass close to the Earth in June
1968, and this rather worried a gentleman in
Surrey who planned to take a holiday in Sorrento
at the critical time, and was anxious about being
trapped at the foot of the cliffs by a tidal wave.
We were able to reassure him that the diameter
of lcarus is only a mile or two, and that when
astronomers say ‘close approach’ they really
mean, in this case, nearly 4 million miles. It is
therefore extremely unlikely that any cataclysm
will overtake us, but, of course, we cannot really
be sure about such things.



council commentary

This is a new feature which will be of great
interest to many readers. The Council has agreed
that Dr. Willis of the Council Secretariat, shall
prepare a potted version of the Council’s monthly
deliberations, so that in each quarterly issue of
Quest, it will be possible to review three meetings.

In this first edition, the most newsworthy item
is of course, the 300 GeV decision, and whilst
the subject has been well aired in the press, the
background to the decision makes interesting
reading.

The regular Council meetings are held on the
third Wednesday of each month except August
and September and since the volume of work has
been growing, they now regularly start at 11 a.m.
continuing through most of the afternoon after
a short break for a sandwich lunch.

In January, February and March the Council
received broad statements of policy and pro-
gramme from the NP, ASR and UST Boards
respectively, various aspects of the work being
further illustrated by oral accounts given by the
Board members on the Council. The Secretary of
State for Education and Science (The Rt. Hon.
Patrick Gordon Walker) and the Minister of State
(Mrs. Shirley Williams) attended the ASR and
UST Board’s presentations respectively. The
Council have approved the publication this year
of the most generally interesting parts of the ASR
Board’s statement, and intend from time to time
in future years to approve the publication of
similar statements from the other Boards. With
the advantage of this very full review of the
policies of the three Boards, the Council went on
in April and May to draw up its financial five year
Forward Look, which has to be submitted to the
Government each year. The Chairman and the
three Board Chairmen presented a summary of
the Forward Look at a meeting of the Council for
Scientific Policy, where it was well received. The
‘May meeting was held at the Royal Observatory,
Edinburgh. A very interesting tour of inspection
was arranged, and members were most hospit-
ably entertained.
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At the June and July meetings, the Council
considered altogether some forty matters great
and small, the most weighty of which was the
Government’s decision not to participate in the
proposed 300 GeV accelerator project. Notwith-
standing the present adverse decision, the Council
accepted the view of the NP Board that participa-
tion in either the 300 GeV or a similar European
project was vital to the future of British high
energy physics in the 1980s. The Council there-
fore agreed that, although a 300 GeV project
could no longer be provided for in the planned
programme, the possibility of the UK joining this
or a similar European project later on must be
kept constantly in mind. Meanwhile, in view of
the economic situation and the 300 GeV decision,
the Council decided to reduce its request for
funds in the next five years. The new proposals
seek funds increasing from about £42 million in
1968/69 to about £57 million in 1973/74 and,
within a falling nuclear physics share of the total
budget, envisage a slightly larger domestic
nuclear physics programme than was proposed
in the original Forward Look.

Sir Harold Himsworth Deputy Chairman and
Secretary of MRC and Dr. J. A. B. Gray, Secre-
tary-elect of the MRC, attended for part of the
June meeting to describe the MRC’s highly
successful ways of supporting inter-disciplinary
research. Another interesting item in June was
the planning of a co-ordinated programme of
development of ground-based infra-red astronomy
by groups from Imperial College, Queen Mary
College, University College and Edinburgh Uni-
versity with the ROE. This is a fairly new subject.
Although water vapour in the atmosphere absorbs
the infra-red radiation it has been shown recently
that ground-based observations are possible at
mountain sites in certain parts of the world.

in July, the Council received a general report
from the UST Board on their work in the session,
and approved six recommended grants outside
the powers of approval delegated to the Board,
five because they exceeded £50,000 and one
because of its unusual nature. The latter was a
grant of £14,500 over three years to Professor F.
R. Bradbury (Stirling University) for an investiga-
tion into the best ways of allocating research and
development funds between competing projects.
Four of the five grants over £50,000 were for the
development of computer applications, for ex-
ample a grant of £68,100 over three years to Dr.
D. H. Sleeman (Leeds University) for the develop-
ment of improved technigues for computer-
assisted learning. Two proposals for new central-
ised facilities were also approved. The first of
these, a result of the concept of a National
Instrument Centre which has been under discus-
sion for some time, is an arrangement providing
for the use by universities of the services of
instruments such as nuclear magnetic resonance,
infra-red and mass spectrometers at the AEA
Harwell and Aldermaston laboratories. The



second, in collaboration with the Rubber and
Plastics Research Association, is for a polymer
supply and characterisation centre to be sited at
the RAPRA Laboratories at Shawbury, Shropshire.

In the ASR Board'’s field, the Council began its
review of space research policy which will take
some time to complete, and meanwhile recom-
mended proposals for a further stage in the
programme of British satellite experiments
launched through the co-operation of the USA
National Aeronautics and Space Administration.

The report of the Fulton Committee on the
Civil Service was noted at the July meeting, and
the Council looked forward to considering its

application in the SRC later, in the light of discus-
sion within the Civil Service and with the SRC
Staff Side.

Finally, in July the Council approved a change
in patents policy. This was complicated, as
patents matters usually are, but broadly speaking,
except at the Rutherford, Daresbury and Atlas
Laboratories, which will continue to deal with the
AEA, the NRDC will take over the responsibility
for seeing that the results of research supported
by the SRC are exploited in the national interest.
The SRC will not seek a share in the revenue from
exploitation, and the NRDC will not charge for its
services.

a plain man’s guide to

accelerator static power supplies

The orbital magnet systems of some particle
accelerators require extremely large cyclic pulses
of energy, 50 to 100 megajoules with peak
power excursions of == 150 megawatts or so.

Since pulsating loads of this type would cause
unacceptably severe voltage fluctuations to be
induced in the public supply network — equivalent
to switching say Oxford on and off every few
seconds — the normal solution has been to install
motor-alternator sets near the accelerator to act
as a buffer between the supply authority and the
magnet, This kinetic energy storage method
permits the input power from the ‘mains’ to
remain almost constant whilst the output power
pulsates.

About 2% vyears ago we started to become
increasingly unhappy about the reliability of these
large motor generator sets. Several failures had
occurred, with more to follow, resulting in con-
siderable ‘outage’ time at various laboratories. It
was apparent that regardiess of the ingenuity of
design engineers, the special nature of the pulse
load imposed complex loading conditions that
were outside normal technological experience and
consequently such motor generator sets would
continue to carry a definite element of risk.

The reliability prospects for the proposed 3C0
GeV accelerator, with its even larger motor
generator requirement, did not appear overbright
and it was this consideration that provided the
initial impetus to our study. Other accelerator
applications have since followed.

In considering what sort of power supply alter-
natives might be available to us, our thoughts

13

J. A. Fox

naturally turned to connection of the pulse load

directly to the public supply — back to square one

in fact. The two principal questions were:

(i) Could we install some reliable type of ap-
paratus that would compensate for the reactive
component of the pulse load and thereby limit,
to acceptable values, the induced voltage fluc-
tuation in the public supply.

(ii) If the voltage problem could be solved, were
national power systems sufficiently strong to
accept the pulse load and distribute it fairly
uniformly among the various generating stations
without incurring unpleasant disturbances.
There were, of course, a number of other

questions but this article is entitled ‘a plain man’s

guide’ and, for the plain man, the law of diminish-
ing deception applies.

The first task then was to solve the voltage
fluctuation problem since if we couldn’t do that
there was little point in proceeding to the compli-
cated, and potentially more expensive, problem
of the dynamic behaviour of a large power system
in response to a 300 GeV type pulse load.

The pulse-induced voltage fluctuation in public
transmission systems is predominantly related to
reactive drop due to the high X : R ratio of lines
and transformers and the lagging power factor
nature of most loads. Hence it can be compen-
sated by the provision of reactive current at or
near the load point with a phase relationship in
opposition to that of the load reactive-current
producing the original voltage drop. This in fact
means having some form of variable shunt capa-
citor at the accelerator supply point and control-



ling it in a precise and repeatable manner to both
minimize the pulse-induced voltage disturbance
in the public supply system and provide a reason-
ably constant voltage platiform for excitation of
the accelerator magnet.

Variable capacitors are of course manufactured
for radio sets but not alas in the size we require —
120 Megavolt amperes. The alternative approach,
incremental switching of small fixed-capacitor
units is a little too ambitious at present. There
are however two other possibilities which seem
quite practicable — a fixed capacitor bank in
combination with either a large saturated reactor
or a group of incrementally switched air-cored
inductors. The reactor current which is, of course,
in phase opposition to capacitor current, is
controlled in such a manner that the resultant
current from the capacitor/reactor combination
can vary from inductive to capacitive in accord-
ance with the compensation requirements.

The Atlas computer at Chilton has been used
to study several variants of these basic schemes
for application to the 300 GeV, Nimrod, CERN
PS Booster and the High Magnetic Field Labora-
tory proposal.

Having resolved the voltage problem the more
onerous task of establishing the power system
dynamic behaviour was considered and it was
agreed with the CERN 300 GeV group to take the
United Kingdom power system (CEGB) and the
Mundford site as the study basis. This proved to
be a happy choice and we have benefitted greatly
from the sustained and enthusiastic professional
help supplied by our CEGB colleagues.

The joint SRC/CEGB investigation commenced
with a computer study of the dynamic behaviour
of the UK power system. The CEGB programme
gives an advanced representation of all significent
generator, transmission and load elements in their
system. The time dependent pulse load quantities
(i.e. the input) were provided by the SRC Atlas
programmes.

It was of course recognized that, regardless of
the sophistication of the theoretical approach, no
gigantic engineering/commercial enterprise like
the CEGB could afford to take chances with their
system behaviour, particularly since we were
jointly breaking new ground together, and some
sort of convincing practical demonstration was
obligatory. This was a sensible approach and also
beneficial to the accelerator since if the 300 GeV
load connection had gone ahead on a ‘suck it and
see’ basis and system disturbances had proved
intolerable it would have been rather embarras-
sing to redesign the magnet power supply using
high-speed gas or some other energy-yielding
commodity.

Self-interest, the key to most things in life,
gave us the opportunity of exploiting the October
1967 Nimrod mg set breakdown by arranging a
direct pulse test between the Nimrod magnet and
the CEGB 400 kV super-grid connection at
Cowley, Oxford. Pulse trains with peak power
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swings of up to 60 MW were applied at frequen-
cies ranging from 0.3 to 0.1 cps. Measurements
of the pulse-induced frequency disturbance were
made at Daresbury and the results analysed on
the Atlas Computer using the BOMM time series
analysis programmes developed by Sir Edward
Butlard and his colleagues (referred to on page
16 of Quest 3).

In June of this year the experience gained
during the Nimrod dress rehearsal played a useful
part when extensive 160 MW pulse tests were
carried out between the CEGB and Electricité de
France using the Cross-channel submarine cable
that provides a d.c. interconnection between these
two national systems. The CEGB system was
repetitively pulse loaded and the EDF repetitively
unloaded. The measurement programme was very
comprehensive and inciuded the Daresbury,
Rutherford and CERN laboratories who undertook
frequency measurement and the Atlas computer
Laboratory where the time series analysis was
carried out.

In August it was our pleasure to assist our
CERN colleagues in the analysis of generator and
frequency disturbances induced in the collabor-
ative pulse tests with the CERN PS and Services
Industriels de Genéve power system which were
undertaken to determine the feasibility of a direct
connection of the Booster pulse load. The willing
help of BEA, Swissair, Customs officials and, not
least, the Atlas Computer Laboratory, gave a
surprisingly fast turn round of data and results
between Chilton and Geneva.

One final point, the cost of static power sup-
plies; it is probably in contravention of some
natural law but a 300 GeV static system costs
approximately 50% of the mg set it is designed
to supplant {a saving of approx. £750,000) and
total running costs are 90% below.

‘As | want a career with real power and authority I'm
staying a student’”’.

reprinted from Times Educational Supplement by permission.



old scientific
instruments

radio telegraphy
part 2.

The curious looking valve illustrated in Figure 1
was invented by H. J. Round of the Marconi
Company just before the outbreak of the First
World War. An example has recently been
presented to the Station collection by Dr. R. L.
Smith-Rose a former Director. As can be seen, it
bears some faint resemblance to a mains electric
light bulb, having the familiar bayonet socket
fitting. The electrode structure is that of a triode;
a central filament is surrounded by a thimble
shaped grid which is in turn surrounded by an
outer metal shell forming the anode; these two
electrodes are reached by small wire contacts
sealed in the glass envelope. A curious feature
is a small extra chamber at the top of the valve
which contains a pellet of asbestos. This pellet
was a most important feature in the functioning
of Round’s valve for its characteristics, like others
of the time, depended upon traces of residual
gas in the valve being ionized. It was as called
a ‘soft’ valve; that is to say one having a relatively

low vacuum. The degree of residual gas and
hence the characteristic of the valve was control-
led, as required, by heating the pellet of asbestos
which would then give off gas absorbed by it.
The flame of an ordinary match was usually
sufficient, although in certain cases it was neces-
sary to use two matches, hence the valves often
become known as one or two match valves.
Round’s valve performed useful service in its
day, but by the end of the First World War it was
superseded by an ever increasing variety of
thermionic devices of the ‘hard’ or high vacuum
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type. It remains an interesting relic of the progress
of the vacuum tube.

The future of the valve as a powerful tool in
many branches of physical science was quickly
realized, once manufacturers could produce types
having reasonably consistent performance. The
multivibrator circuit and the valve-maintained
tuning fork all date from the decade 1916-26 as
well as many other circuits now almost, as it
were, ascribed to tradition.

Early in the twenties a number of workers
realized that the high impedances in a valve could
be very useful in the measurement of voltages
and several forms of valve voltmeter were at-
tempted by workers in this country and on the
Continent. In Britain, a particularly useful valve
voltmeter was produced by Moullin. This is
described in the Wireless World of 1922 and was
produced for commercial purposes by the Cam-
bridge Instrument Company. A production model

of this instrument dating probably from the middle
‘twenties is shown in Figure 2. This has long
been in the use at RSRS and is now in honourable
retirement in our museum. We cannot quite get
away from polished wood and lacquer and the
voltmeter still tries hard to look like the ancestral
and familiar laboratory meter shyly hiding any
trace of its vacuum tube aspect. It is a far cry
from the time when it was probably the valve
voltmeter of the Station. Now such devices are
found in all laboratories where electrical measure-
ments are made.

Readers may well recollect that part 1 of this
article began, anomalously enough, with the des-
cription of something which was not an instru-
ment, but a book. Having this precedent, | make
little apology for introducing another literary
matter, as it were, because it is of considerable



interest and importance in the derivation of
scientific terms. It is a letter of 1926 in which,
we believe, the term ‘ionosphere’ was first defined
and used. This is, | hasten to add, not the date
of the first publication of the term, that was three
years later in 1929, in Watson-Watt's paper
‘Weather and Wireless'. In this particular com-
munication of 1926 we find Watson-Watt writing
to the Secretary of the Radio Research Board and
putting forward his idea that the conducting
layers of gas in the upper atmosphere might well
be termed ‘ionosphere’.

An extract from the text is as follows:

‘With reference to recent discussions on the

nomenclature of the ‘upper conduction layer’

of the atmosphere, may | suggest that it is

not yet too late to obtain general agreement

on a systematic name for the ‘layer’, avoid-
ing the controversy arising from personal
names.

We have in quite recent years seen the
universal adoption of the term ’stratosphere’
in lieu of a previously well established mis-
nomer ‘isothermal layer’, and the adoption
of the companion term ‘troposphere’ for the
‘convective layer'.

The term ‘ionosphere’, for the region in
which the main characteristic is large scale
ionization with considerable mean free paths,
appears appropriate as an addition to this
series. The objection that ionization occurs
throughout the atmosphere is no more ade-
quate against the proposed term [than] is
the fact that stratification occurs locally in
the troposphere, the systematic name should
be characteristic of the main ‘grand scale’
phenomena without reference to minor and
local phenomena.’

This interesting note was found in the loft of
an old building at Ditton Park, thus providing an
example of the unlikely places in which the
amateur historian of technology may find items
of interest.

Although long forgotten by most people,
there was a brief time when the BBC flirted with
the idea of a facsimile service for the public. This
was towards the end of 1928 when a curious
machine called the Fultograph (Fig. 3) became
available on the market. It was, apparently,
capable of installation and operation by relatively
unskilled people, requiring little more than the

ability to put a piece of paper on a drum and
successfully manipulate the receivers in use at
the time; although, bearing that fact in mind, this
may not have been quite so easy as we may now
think it. The Fultograph was the product of the
ingenuity of one, Captain Otho Fulton and used
a principle of operation common to many fac-
simile machines. The picture, placed upon a drum,
was spirally scanned by a photocell which amp-
litude modulated the wireless transmitter. At the
receiving end, the signal current variation caused
variable density marks to be made by an electro-
lytic process on a piece of sensitized paper placed
round a similar drum. Synchronization of transmit-
ter and receiver was accomplished by an in-
genious clutch mechanism, operated on the
reception of puises sent out with the transmitted
photagraph. With this relatively simple machine,
photographs, weather maps, forecasts and
drawings were transmitted, all of a quite
tolerable quality considering the state of the art
at the time. However, after a short time this
service ceased, in fact, it never really caught on.
Perhaps in the late 1920’s the economic state of
the time was against it, or perhaps it was just
one of those things which the public, on the
whole, did not want. Anyhow, within less than
a decade, high definition television was available,
at least to a limited section of the public in the
London area, and the Fultograph was never
revived. The reason for the existence of one of
these machines at our Research Station can be
traced back to an attempt made by the then
superintendent, Watson-Watt, who wished to use
the facility for investigating interference caused
by lightning flashes. Some half-dozen or so were
placed at strategic points throughout the country,
the BBC transmitted a reference grid at a given
time and then, when all the pictures were col-
lected, it was possible, using the reference grid,
to see which stations had received a particular
atmospheric.

When this experiment came to an end the
Fultographs were stored away and there they
remained for many years. Surviving damp, and
even flood, sufficient remained within the last few
years for a working model of the receiver to be
satisfactorily rebuilt. We have it with us still, the
drum revolves, the stylus moves but alas, the
signals that should have actuated it have ceased
these forty years,

Those familiar with the work of the Radio and
Space Research Station may well be puzzled about
one omission; | have not referred to our most
important piece of apparatus. This is a survivor
from the ‘thirties which we no longer possess;
its importance was sufficient for it to warrant
inclusion in the National collection of the Science
Museum. It is the device used for the first radar
experiment by the man who is our present Deputy
Director, Mr. A. F. Wilkins. The story forms part
of history on a bigger scale and, maybe, we can
reserve the telling of it for some future date.



people
and their pastimes

Cats

N. M. (and Marie) King

Rutherford High Energy Laboratory

This series is supposed to describe the pastimes
of SRC personnel, but the activity as practised
by Marshall King and more especially wife Marie,
is more closely akin to slavery. Therefore in
order that we may print as much as possible of
the detail of the King family’s subjection to their
oriental captors, the usual (editor’s) introduction
will be reduced to a short overture, just to set the
scene.

They were ‘bitten’ in 1963; when following the
demise of their ordinary moggy they decided to
go ‘high hat’ and choose a cat from a show. The
outcome was the acquisition of a female Lilac
Point Siamese who (subsequently) presented
them with a fine litter of kittens, the first of the
strain which bears the prefix TRISMEGISTOS,
trade-mark of the King cattery. One of the litter
became the best Lilac Point kitten in the 1964
Olympic National Cat Show. The next litter pro-
duced BELLEROPHON their resident Champion,
then came CIRCE, now a USA Champion, then
ENDYMION who became a premier (Neuter
Champion) last year.

At this point it is appropriate to note that Marie
King is not an SRC employee, but when you read
the account of her daily life among the cats, you
will readily understand that she just does not
have the time for gainful employment. Here is an
account of her life with her feline friends.

‘All our cats are Lilac Pointed but Bellero-
phon’s visitors may be Lilac, Seal, Chocolate, or
Blue Pointed Siamese. Bellerophon's special
house is not quite finished so he has a room to
himself indoors. His visitors have another room
containing a pen, through the wire of which they
get acquainted.

If one of our females is ‘calling’, she has to be
kept apart until we think it's a suitable time to
have her mated. ('Calling’ is what Siamese
females do when in season—it consists of mak-
ing a frightful racket, performing frantic contor-
tions on the carpet, and investigating every pos-
sible mode of escape. The noise consists of deep
howls, cries like a small child, and a species of
bark.)
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Kittens are all over the house during the day,
and in the garden if the weather is good. We
usually let them go to their new homes between
12 and 16 weeks, but often we have one up to
six months.

If one of the females is in kitten she will have
a room to herself (plus humans) at night: so it's
not unusual to have cats in four different rooms
for one reason or another. Each has to have a
plastic tray of peat-moss and a water dish. Also,
every cat, including each kitten, has its own food
dish. All this means a lot of work washing and
sterilising dishes; emptying, washing and disin-
fecting the dirt trays; and preparing food.

cat colony

1 Champion Stud {Champion Trismegistos Bel-
lerophon)

2 Females (Trismegistos Filomela and Allegro
Snow Maiden)

Usually, a litter of b Lilac Point Kittens (on
average)

Frequently, 1 Female visiting Ch.T.Bellerophon.

daily routine

9 a.m.

Collect trays, empty, wash, rinse, refill with dry
peat moss, and re-distribute as necessary.

Refill water dishes.

Heat up breakfasts — mixture of cooked beef (or
rabbit, chicken, hare, etc.), egg yolk, meat jelly,
a little ‘Felix’, a few drops of corn oil, a little
vitamin supplement (Vionate}, and some chopped
parsley. Allow to cool and serve to adults.



With kittens in hall, place dishes on kitchen floor,
open the door and deal with subsequent stam-
pede, directing each kitten to its own dish.
Supervise; removing fast eaters to hall as soon
as they finish.

Wash and sterilise ali feeding dishes.

During course of morning, let cats out for exer-
cise, except calling females. Bellerophon has to
be watched in case he strays — usually we try to
let him out before breakfast as he will not then
leave the garden.

Let the Champ. see his current girlfriend, and
supervise mating. This can take up to 1} hours
if they are not already acquainted.

1 p.m.

Lunch for kittens and pregnant female(s). Heat
up cooked white fish and tinned pilchards and
serve individually as for breakfast.

Wash and sterilise dishes.

Deal with dirt trays as required.

Spend time talking to Bellerophon, and his visitor.
{Siamese need human company.)

5 p.m.

Mix a meal for kittens. Meat jelly, finely chopped
cooked meat and Farex. Serve as before.

Give raw egg yolk to pregnant female(s).

9—10 p.m.

Prepare adults’ supper — chopped cooked rabbit,
hare, or lean raw beef, serve at room temperature.
Mix kitten suppers — chopped rabbit or chicken,
chicken jelly, Farex, Vionate, and raw egg yolk.
Change all dirt trays.

Arrange cats in their baskets and particular rooms
for the night, retrieving crazy scampering kittens
from all over the house.

Kittens traditionally sleep in the kitchen; {we
have complete central heating). Siamese are very
fond of their comfort, but are really no more
delicate than ordinary cats.

grooming, showing

Cats and kittens are groomed about once a week.
Lifac Pointed Siamese have white (Magnolia)
coats, and only look their best when absolutely
clean. Before shows, we may groom our cats
several times within a week, and always the night
before.

Complete grooming starts with a rub-down
using a warm damp cloth soaked in a pure soap
which is not injurious if licked up. While this
is being done, dry bran is being heated up in the
oven, this is rubbed into the coat ‘the wrong way’,
and brushed out again until the desired degree
of gloss is obtained.

During the season we attend about nine or ten
shows, about half of which will be in London, and
the remainder up to about 150 miles from home.
In addition, we are often invited to exhibit Bellero-
phon and last year he appeared in this capacity at
the Cats of the Year exhibition at Eastbourne.

Show preparations include washing all white
show blankets, hot water bottle covers and so on.
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Equipment such as white dirt trays, water dishes,
{ood dishes, etc., is washed and packed in a suit-
case, along with TCP sprays and cotton wool for
disinfecting cages etc. When Bellerophon goes
on exhibition, (as distinct from competition), his
pen decorations have to be washed and ironed:
these consist of silk and velvet curtains and cush-
ions in two shades of blue. His five championship
certificates, rosettes, and silver trophies also go
along.

On the day of the show, we are generally up
at 4 a.m. The cats are attended to as usual, except
that those to be shown do not have breakfast until
they arrive at the show hall. If the circumstances
are not too complicated, we generally ask a friend
to look after the resident cats and to tatk to them
from time to time — otherwise Marshall drives to
the show alone, and | stay at home: this usually
happens about twice a year.

The cats prefer to ride loose in the car. The
older ones are experienced travellers, and like to
ride draped around Marshall’s shoulders as he
drives. Kittens sometimes take up to an hour to
get used to the car, but by that time they are
content to lie in my lap or on the back window
sill.

office work

There is a terrific amount of correspondence on
kittens and breeding, writing pedigree forms,
filing in registration and transfer forms, keeping
stud and kitten records, entering for shows,
advertising kittens, and so on. We keep in touch
with a remarkable number of the people who have
bought Trismegistos kittens, and the telephone is
kept busy. Marshall is on the committee of the
Litac Point Siamese Cat Society, and represents
the club on the Governing Council of the Cat
Fancy, and the Joint Siamese Advisory Com-
mittee: this means more correspondence for him.
He is also interested in the genetics of domestic
cats, and gets a lot of amusement out of studying
and working out probabilities of various matings.

finance

People always ask about this. We keep records,
and find that cat breeding is definitely a hobby;
it costs us about £100 to £125 per annum — not
counting the £150 we have spent on Bellerophon's
house. Kittens sell at about twelve guineas each,
although a really good Best-in-Show prospect
may bring about £20. Food, car expenses, inocu-
lation fees, equipment, disinfectant and peat
moss are the greatest expenses. Even with first-
class prizewinners, show entry fees are only just
covered by the prizes. Stud fees at five guineas
a time supplement the economy, but as we live
rather remote from London, Bellerophon doesn’t
get as many visitors as a Champion otherwise
would.’



ARISTOCAT
Ch. T. Bellerophon, wide eyed and alert as all good show-cats should be, is just about to be put into his show cage.

editor’s note

We have now described the hobbies (or pastimes) of three members of staff
and, besides this ‘cat’ article, we have been introduced to the intricacies of
lute making and to the fascination of rock plant cultivation. In the next issue,
J. C. Baldwin of the Atlas Computer Laboratory will describe his hobby of
bellringing, which has taken him to many churches throughout the country.

There must be a wide variety of hobbies (printable ones) pursued by
members, and the inclusion of Culham now adds another thirty prospects.
We would like to hear about any unusual spare time activity, so if you have
a hobby which you think is worth publicising, then write or telephone me at
Room 1517, State House. ext. 255,
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newsfront

‘This Time It's Final’

[t is not the policy of Quest to print ‘hatches,
matches and despatches’, but the retirement of
Charlie Osborn (68 years) from the Rutherford
Laboratory, is rather different. He has worked for
SRC for only three years, but such is the character
of the man, that when he left on Friday, August
23, he was presented with a portable electric drill,
a wallet and an illuminated scroll, by Mr. G. N.
Venn, the Head of the Nimrod Engineering Depart-
ment.

Charlie's working life began in the fateful year
of 1914, when, at 14 years of age, he volunteered
to do messenger work at the coastguard lookout
stations in Cornwall until such time as his applica-
tion for apprenticeship in the boilermaking works
of the GWR at Swindon came through.

He has a wonderful memory for names and in
laconic fashion recalled how he was sent from
the coastguard station at Poldu to Mullion at night
and via the hazardous cliff path, to collect the key
of the code safe which the off-duty Petty Officer
had taken home with him. On another occasion he
recalls the stern admonition of the Station Com-
mander who instructed him that ‘in the event of
a skirmish’ he was to take the key and unlock the
safe, take the code books and consign them to
the boiler fire.

The GWR apprenticeship terminated Charlie’s
service as a coast guard messenger and he served
his five years, plus a further two in the Carriage
and Wagon Department. He was then covenanted
to work for the Indian Railways for a period of
five years. In Lahore, and eventually Rawalpindi,
he was, in turn, Chargehand, Assistant Foreman
and Boiler Inspector. He lived a very comfortable
middle class life with a large bungalow and
servants and has a fund of intriguing stories to

20

tell. However, he decided not to return to India
at the end of his contract and left the railways to
become the Wantage area District Manager for
the well known firm of J. Bibby and Sons of
Liverpool. He stayed with the firm until retirement
No. 1 at 60, but within the year, he was back at
work again, this time as a Storeman with the
American contingent at RAF Wellford. With the
run down of the American overseas bases in 1964
he was once again retired and a year later, at the
age of 65, he joined the Rutherford Laboratory as
a Storeman.

Charlie has a son in Canada, a daughter in
East Africa and another daughter in Sussex, and
he says he is now prepared to acknowledge Anno
Domini and settle in Sussex with his daughter
and to follow his hobbies of stamp collecting and
gardening.

Now that the Astrophysics group at Culham is
to form part of SRC, we welcome another local
correspondent to the editorial board of Quest.

W. M. Burton is a Senior Scientific Officer
engaged in spectrographic studies of the extreme
ultraviolet spectrum of the sun and other stars,
carried out by flying special optical instrumenta-
tion in stabilised Skylark rockets.

Prior to moving to Culham in 1964, Bill Bur-
ton worked at AERE Harwell on atmospheric
radiochemistry, and plasma spectroscopy in the
controlled thermonuclear fusion project.




four special merit awards for SRC

Four special merit promotions have recently been announced involving scientists in four establish-
ments. The recipients of the awards are in widely differing disciplines, but it is unusual for a Depart-

ment to receive four such awards.

The award is made at PSO level to research scientists of exceptional quality, and because it does
not involve additional administrative duties, the promotion does not interfere with the individual's

research work.

Dr. A. O. L. Atkin
Atlas Computer Laboratory

Dr. J. W. King
Radio and Space Research Station

Dr. N. H. Lipman .‘. k .
Rutherford High Energy Laboratory ___ _:':1

Dr. D. Lynden-Bell
Royal Greenwich Observatory

Dr. Atkin has been working over the last four
years on congruence properties of the coefficients
of modular forms, on congruence subgroups of
the classical modular group. More recently he
has been working in collaboration with HPF
Swinnerton-Dyer at Cambridge on non-congruence
subgroups of the modular group, which turn out
to have remarkable p-adic properties. Many of the
discoveries involved would not have been possible
without the use of computers.

Dr. King's research is concerned with the charac-
teristics of the ionosphere, particularly at heights
above 300 km, as determined by data obtained
with so-called "topside’ sounding satellites in an
international programme. His studies have demon-
strated the important influence which global air
winds, caused by pressure gradients in the neutral
atmosphere, have on the ionosphere and he has
thus been able to explain significant peculiarities
of ionospheric behaviour observed over a number
of years.

Dr. Lipman leads a team of physicists engaged in
research on elementary particles using the 7 GeV
proton synchrotron Nimrod at the Rutherford
Laboratory. His present experiment is to deter-
mine the polarization of protons from the decay
of the Sigma particle, and is designed to test one
of the selection rules believed to apply to ‘weak’
interactions. He holds a joint appointment with
the University of Sussex, as a part-time Reader,
where he lectures on elementary particle physics
to undergraduate and postgraduate students.

Dr. Lynden-Bell is currently working on the evolu-
tion of galaxies from studies of their formation
and dynamical evolution. His current work con-
cerns the theory of statistical mechanics of en-
counterless systems of stars which have yet to
achieve a steady configuration, and the dynamical
stability of galaxies.



B Sy s

The first SRC Sports Day did not attract favourable weather
and in consequence, the attendance figures were not
as good as they might have been. Conditions were not
very comfortable for the competitors, but the standards
were high and the honours fairly evenly distributed among
the competing establishments. We are indebted to Harry
Cook and Barry Briscoe for the report and to Robin
Butler of RSRS for the photographs.

This, the first of what SRC Sports Association
hopes will be many Sports Days, was essentially
an exploratory occasion, and was arranged to
provide competitive sport for as many of the
Council’s staff as could attend. It was decided
that competitions would be run for cricket, tennis
and bowls, the exact nature of the tournaments
being left to the organisers to determine in the
light of entries received. Both cricket and tennis
enjoyed good support but unfortunately the entries
for the bowls competition fell away and this had
to be cancelled. It is hoped that it can be revived
next year and with longer notice many bowlers
will be able to participate.

The cricket competition was run on a ‘knock-
out’ basis, with each side batting for a maximum
15 overs and with restriction on the number of
overs any player could bowl. Five entries were
received, with results as follows:

1st Round RGO (35 runs for O wickets in 7 overs)
beat RSRS (34 runs for 10 wickets in 10.4 overs)
Semi-finals RHEL (60 runs for 7 wickets in 15
overs) beat RGO (54 runs for 8 wickets in 15
overs)

LO (75 runs for 1 wicket in 10 overs) beat Atlas
{74 runs for 4 wickets in 15 overs)

Final RHEL (45 runs for 6 wickets in 13.3 overs)
beat LO (44 runs for 9 wickets in 15 overs)
Supplementary Round Atlas (97 runs for 9
wickets in 15 overs) beat RSRS (64 runs for 6
wickets in 15 overs).

The supplementary round was arranged to give
all participating teams at least two games during
the day. The only ‘seeding’ resorted to was to put
RHEL and Atlas in separate halves of the competi-
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tion to ensure they played against teams from less
familiar establishments.

Two tennis tournaments emerged from the
entries received, one for men’s doubles and the
other for mixed doubles, and to give all players
plenty of tennis within the restricted time avail-
able both were run on American Tournament lines.
Each competition was divided into two, with
section winners playing off to decide the overall
competition winners. Again, the only seeding
adopted was to apportion teams from each
establishment as equally as possible in either hatf
of the draw to enable them to mix with other
teams as far as possible. Despite a troublesome
wind and some initial doubt as to whether the
grass courts were ready, both competitions were
played off as planned, with the result that in an
all-RSRS final in the Mixed Doubles competition,
Mr. and Mrs. A. C. Gordon-Smith beat Mr. R.
Fitchen and Mrs. F. Horner 6—1, having won their
sections with totals of 36 games and 30 games
respectively.

Dr. G. A. Wilkins and Mr. R. J. Dickens (RGO}
wan their half of the Men’s Doubles with a total
of 24 games and in the final beat Messrs. Butt
and Beckwith (RHEL) (22 games) by the score
6-3, thereby ensuring that on this first occasion
the awards were distributed around the establish-
ment,

Cups were presented to the winners by Mr.
Ray Edmonds, Chairman of the SRC Sports and
Social Association, who interrupted his holiday
to come along.

The Sports Social Committee is very grateful
to him for doing so and also wishes to thank the
staff who helped to run the competitions and so
made sure that they went off smoothly, and the
London Office Club for giving a magnificent cup
as prize for the cricket competition. The Com-
mittee hopes that all who took part enjoyed them-
selves and will come again in future years bring-
ing more colleagues with them. They will
welcome any suggestions to improve or broaden
the scope of this occasion.
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A dour, determined spectator and a quartet of scorers S. Lee and Miss J. Wall of London Office in play in an
looking after the interests of RGO. early round of the mixed doubles. Note the windbreak
which has been blown into a horizontal position!.
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Ray Edmonds, Chairman of the Sports social committee presents the men’s doubles cup to R. T. Dickens. His
partner, G. A. Wilkins (foreground) has already changed into warmer clothing.
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DOUBLES ALL ROUND
Mr. and Mrs. Gordon Smith (husband in hiding) and Dr.
Wilkins and R. T. Dickens, all of RSRS, the mixed doubles
and men’s doubles winners respectively.

MESU AL

Farnborough 68

The theme of the SRC stand was ‘SRC and Space
Research’ and the exhibits illustrated the support
given to the national and international space
research programmes.

In the National Sounding Rocket section, and
dominating the stand, was a Petrel rocket and
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Just so that we could inject a ray of sunshine into an
otherwise murky spread, the victorious Rutherford cricket
team went home to sunny Berkshire to have their photo-
graph taken. Unfortunately the whole team couldn’t be
present on the same day, two were on holiday.

alongside it a RSRS experiment designed to
obtain information about high speed electrons
from space.

Experiments flown in the Skylark rocket include
one from Culham for solar physics study, and an
attitude control unit developed by RAE and Elliott




Automation was displayed to illustrate the degree
of sophistication the Skylark rocket has now
achieved.

The third vehicle used

in the national pro-

gramme is the Skua rocket and an experiment
from University College, Wales was shown as a
typical payload. This experiment will be used to
further the study of radio absorption in the iono-
sphere.

ESRO Il carried five British experiments and
to represent this section, a combined UCL/

Instanation of the first ‘D’ type ceramic vacuum chamber
in a magnet at Daresbury. The individual ceramic sections
can be seen making up the curved chamber with its metal
end flanges.

Leicester University experiment was displayed.
This is designed to measure the x-ray emission
from the sun.

In the NASA section, a Universities of Oxford
and Reading experiment which will be flown in
the Nimbus D satellite was shown. This is sche-
duled for launch some time in 1970. A synopsis
of the results of experiments carried in Ariel lli
was displayed, together with a powered model
of this first all-British satellite, which is still
operating after more than a year in orbit.

When the weather permits, the sheltered quadrangle ad-
jacent to the canteen is popular for alfresco eating.

m contributors

W. G. Griffen

J. B. Alexander

engaged upon photoelectric photometry.

R. H. Tucker

‘Enquiries from the general public’

J. A, Fox

and member of CERN 300 GeV study group.

e ‘An SRC Astrophysics Research Unit at Culham Laboratory’
Senior Experimental Officer, Stellar Group, ARU

‘Leopards, Landscapes and ‘Royal’ Telescopes’
Senior Scientific Officer. At present on second tout of duty at the Cape,

‘A Plain Man’s Guide to Accelerator Static Power Supplies’
Engineer 1, Rutherford Laboratory. Former power supply group leader at Daresbury
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Principal Scientific Officer. In charge of Meridian Department, RGO
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profile

Professor H. A. Briick,
CBE, DPhil, Ph.D, Astronomer Royal for Scotland

The life of the dedicated scientist, although intellec-
tually rewarding, often runs a serious risk of becom-
ing a social desert. The special demands of research
and academic life offer little to the extrovert, so that
a gradual process of withdrawal is often inevitable.

The subject of our profile may therefore be re-
garded as being somewhat unique; he has, on the
one hand, the task of running the Royal Observatory,
while on the other, as Regius Professor of Astronomy
and Dean of the Science Faculty at nearby Edinburgh
University, he is deeply involved with the education
of students and intergrated with the social life of
the University. He also has a young and talented
family, and these three elements, plus a life-long
appreciation of music, combine to fulfil and mellow
a career which has been crowded with achievement
and incident.

Born in Berlin in 1905 Professor Brick attended
three German universities and produced at the age
of twenty-two his first doctoral thesis, under Pro-
fessor Sommerfeld in Munich, on a problem on the
then new, wave mechanics; two further doctorates
were later to be conferred on him by Berlin and
Cambridge universities.

From his Berlin period he recalls Einstein’s attend-
ance at physics seminars where the great man
seemed often to be half asleep. At a critical moment,
however, he would ‘wake up’ and put a question
which cut right to the heart of the subject . . . ‘just
the kind of question | would love to have put’. But
the Professor did have one thing in common with
Einstein, ‘we both loved sailing and often used to
meet on the lakes near Potsdam’.

His Berlin University activities brought him into
contact with other famous names such as Nernst,
von Laue, Hertz, Planck and Schrédinger whose
future movements were to be very similar to the
Professor’s, in that both obtained posts in England
and Ireland in order to get away from the insidious
influence of the emergent German nationalists. At
the end of the nineteen twenties there existed at
Berlin University ‘a concentration of genius which
has hardly ever been equalled; how sad that politics
was allowed to disperse it’.

It was in his student years at Munich that new
life had come to astrophysics, and it was the excit-
ing vistas opening up in this field which determined
Professor Briick's career. In 1928 he joined the Pots-
dam Astrophysical Observatory where he stayed until
1936 when the political atmosphere made him

decide to leave Germany. From Potsdam he went to
the then newly equipped Vatican Observatory at
Castel Gandolfo where he worked for a year — with a
research grant of £150. In 1937 he secured a posi-
tion as Assistant Observer at the Cambridge Solar
Physics Observatory where he remained for the next
ten years to become John Couch Adams Astronomer
in the University and Assistant Director of the com-
bined Observatories. In 1947 he was personally
invited by the then Irish Prime Minister, de Valera, to
take charge of the Dunsink Observatory near Dublin.
This old Observatory, once directed by the ‘Astron-
omer Royal for Ireland’, had been closed following
‘the troubles’, and Professor Brick was charged with
the task of re-establishing it as an active research
centre and part of the Dublin Institute for Advanced
Studies. At Dunsink the Professor ‘lived like a coun-
try gentleman, enjoying a stimulating intellectual
atmosphere and involvement in new post-war prob-
lems of astronomical research’.

Professor Brick took up his present appointment
in 1957, and the ensuing years have witnessed a
major expansion of the work, staff and research
facilities in the Royal Observatory and the Astronomy
Department of Edinburgh University. His interest in
questions of stellar evolution and the formation of
stars from diffuse interstellar material led to a
systematic attack in Edinburgh on problems of data
processing and the introduction of new automatic
methods of astronomical measurement and compu-
tation. And his experience of the effect of the
British weather on astronomical observations made
him champion the cause of observing stations in
good climates such as Edinburgh’s ltalian station
at Monte Porzio.



research at Rutherford

Part 1: Origin and growth

‘There are therefore Agents in Nature able to
make the Particles of Bodies stick together by
very strong Attractions. And it is the Business
of experimental Philosophy to find them out.’

These words, written some three centuries ago by
Isaac Newton, epitomise the prime function of the
Rutherford Laboratory, for it certainly is our Business
to find out these Agents. The Particles that we are
concerned with are known as ‘elementary’ or ‘funda-
mental’ and the study of their properties and inter-
actions constitute the science of high energy physics.
The development and present status of the subject
has been well covered in Dr. Rand'’s article in the
January 1969 issue of Quest; a complete survey is
therefore unnecessary here.

In any scientific investigation, it is desirable to be
able to predetermine as many of the experimental
conditions as possible, and it is therefore hardly
surprising that aimost all elementary particle physics
research is carried out with controlled sources of
particles, which is what particle accelerators are.
These devices, commonly but erroneously known as

A. P. Banford

atom smashers, are large, complex and expensive.
It should be realised that accelerators are only
particle sources, and that the high energy physics
can only start when the accelerator has become
operational. At the Rutherford Laboratory, the major
accelerator is Nimrod, a 7 GeV proton synchrotron,
which became available for high energy physics
experiments in 1964. The remainder of this article
will be devoted to an account of the setting up of
the Laboratory, the design, construction and com-
missioning of Nimrod, and the preparations for the
first experiments. Part 2 will deal with the achieve-
ments of the past five years and will attempt a look
ahead.

The Rutherford High Energy Laboratory came into
formal existence 12 years ago, though its origins can
be traced back to the early 1950's. At that time,
experiments with the first artificially produced pions
(= — mesons) had shown that these particles played
a central role in the nucleon — nucleon interactions —
that is, the system of forces that bind atomic nuclei

heading photograph is a view looking North of excava-
tions for Nimrod, in the background AERE Harwell.



together and which determine the details of nuclear
structure and many other phenomena. United King-
dom workers in this field needed a high quality
source of pions. The first step towards providing
this would be to build a new machine capable of
accelerating protons to an energy of several hundred
MeV: pions being produced when such protons strike
a suitable target. Existing accelerators in this energy
range (synchrocyclotrons) had external beam inten-
sities and other characteristics which severly limited
the scope and precision of the experiments. Discus-
sions among university physicists were initiated by
the Atomic Energy Research Establishment, Harwell,
and a decision was taken to build a 600 MeV proton
linear acceleratar. A group of accelerator designers
was assembled, and a site was selected to the south
of AERE and outside its security fence so as to
facilitate visits by university scientists.

It was realised from the start that the 600 MeV
linac would be a formidable undertaking. The machine
itself would be 900 feet long and would require
almost a hundred megawatts of radio-frequency
power at 200 and 400 MHz. Valves capable of
delivering such outputs were not then commercially
available, and had therefore to be specially
developed. There were also many unknowns associ-
ated with features such as beam focussing, accele-
rator control, dimensional stability and manufacturing
technigues, since the only other proton linac then
working was a comparative dwarf of 32 MeV. Never-
theless, by 1955 the detailed design was far advanced
and the construction of buildings and machines got
under way.

Then two events which completely changed the
picture occurred in quick succession: a newly-
developed method of beam extraction for synchro-
cyclotrons so impraved their performance as to put
them into the forefront of pion physics; and experi-
ments on the 6 GeV Bevatron in California showed
that artificially produced strange particles (hitherto
seen only in cosmic rays) exhibited properties not
only excitingly novel but also likely to be of great
importance in explaining the basis of the structure
of matter. It was realised that resources at Harwell
should be re-allocated so that the research facilities
that would eventually be made available would be
better suited to the changed needs of the users.
Accordingly, it was decided to terminate the proton
linac at the 50 MeV point; it could then be used for
nuclear scattering and reaction studies in an energy
region in which little work had been done. This
decision enabled a large fraction of the design group
to be switched to a detailed study of various types
of accelerator capable of reaching energies of several
GeV.

It soon became clear that the new machine should
be a praoton synchrotron, a type of accelerator of

which a few examples were already in existence, the
oldest (now closed down) being at Birmingham
University. In a synchrotron, the particie beam is
bent round into a circle by the application of a
magnetic field, and, as the particle energy increases
during the acceleration process, the field strength is
also increased so as to keep the radius of the circular
path constant. (This is in contrast to a cyclotron in
which the field is constant and the particles move
outwards on a spiral as their energy increases). The
field has to be provided only over an annular region;
the accelerator electromagnet is therefore in the form
of a ring, the diameter (determined by the particle
energy and the magnetic properties of steel) being
about 150 feet. The choice rested between two types
of synchrotron, differing in the method of facussing
used to keep the beam together in the face of
disturbing influences such as magnetic field inhomo-
geneity, and scattering by residual gas in the vacuum
chamber. In a weak-focussed or constant gradient
machine the magnetic field is shaped so as to provide
both horizontal and vertical focussing at all times.
In the alternative strong-focussed or alternating
gradient system, there is a periodic change between
strong horizantal focussing with vertical defocussing,
and the reverse. This gives an overall focussing
effect that is stranger than in the constant gradient
system, with the result that the magnet can be made
more compact and therefore more cheaply. The
alternating gradient system does have its drawbacks,
notably the need for much greater constructional
accuracy and more trouble from resonances (the
disastrous build-up of beam oscillations caused by
repetitively encountering magnetic disturbances).
Although the principle has been successfully applied
to later machines (e.g. the 28 GeV CERN PS and
NINA), there was not sufficient confidence in its
suitability for a high intensity machine at the time
when it became necessary to freeze the main para-
meters. The project chosen, in early 1957, was a
7 GeV weak-focussing proton synchotron, soon
named Nimrod after the mighty hunter of Genesis.

It had always been the intention that the major
users of these new research facilities would be teams
of visitors from university physics departments, since
it was recognised to be financially impracticable for
individual universities to acquire and maintain their
own large accelerators. Since the scale of these
centralised research facilities had now grown
considerably beyond that initially envisaged, it was
felt to be no longer an appropriate responsibility for
the Atomic Energy Authority. In February 1957, it
was announced that a new body, the National Institute
for Research in Nuclear Science, was to be set up.
This was duly done, with Lord Bridges as the Chair-
man and with representatives of the universities, the
UKAEA, the UGC, the DSIR, and the Royal Society



on the Governing Board; after an appropriate period
the Institute became the employer of the few hundred
Authority staff engaged on the accelerator projects.

This period of organisational change also saw the
erection of the PLA and the beginning of the civil
engineering work for the building that was to house
Nimrod. This is 200 feet in diameter, and since it is
sunk below ground level for radiation shielding
reasons, its construction involved the removal of
some 4 million cubic feet of chalk which was subse-
quently formed into an artificial hill.

The PLA produced its first full energy beam in
July 1959, and became available to nuclear physicists
the following April. After a further two years it was
operated round the clock, and each successive year’s
operation has outdone the last in terms of annual
operational hours and reliability. Special facilities
such as a polarized proton source and time-of-flight
instrumentation helped to make this machine into a
versatile research tool. There are, however, certain
fundamental disadvantages associated with a proton
linear accelerator and as a result of recent develop-
ments in tandem Van de Graafs and cyclotrons, it
can no longer be regarded as truly competitive. It is
scheduled to cease operation in October of this year.
The opportunity will be taken to survey its achieve-
ments in a special article, and for this reason the
remainder of the present article will be confined to
Nimrod and associated projects.

fig. 2

July 1958. Construction
of the 160 ft. dia., 15 ft.
thick, 14000 ton magnet
bearing monolith has al-
most reached final floor
level. The walls of the
magnet room have been
started and those of the
injector room (right back
ground) are more ad-
vanced.

In addition to settling the dimensions of the
building, the freezing of the main parameters of
Nimrod in 1957 enabled detailed design work to
begin. It had been established that the ring magnet
would be built in eight sectors or octants, each
separated from the next by a straight section which
would be used for beam injection, the radio-
frequency accelerating unit or for other purposes.
The injection energy was chosen as 15 MeV, the
magnet pulse repetition rate as 25-30 per minute
and the beam intensity aimed at was 1012 protons
per pulse.

The machine chosen as injector was a linear
accelerator, similar in principle to the 50 MeV linac,
but differing in a number of detailed respects on
account of being designed as a synchrotron injector
rather than as an accelerator in its own right. It
consists basically of a horizontal copper cylinder 44
feet long and 5} feet in diameter which is electro-
magnetically resonant at 115 MHz. 48 drift tubes
spaced along the axis shield the protons from the
radio frequency electric field at times when it would
have a decelerating effect; the drift tubes also contain
electromagnetic quadrupole focussing lenses. The
injector produced its first full energy beam in 1961,
and since that time there have been substantial
improvements in intensity, energy spread and optical
quality.
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The magnet design chosen involved building up
each octant from forty-two magnet blocks, each
weighing twenty tons, the approximate dimensions
being ten feet square by one feet thick. Each block
is a multi-decker sandwich of a half inch and a
quarter inch thick steel plates, this laminated con-
struction being necessary to avoid any current losses
since the magnet is pulsed. The plates were carefully
annealed and randomised in order to make all the
blocks as alike as possible, and, after stacking and
clamping together the requisite number, the throat
aperture was machined out. When the production
process was in full swing, magnet blocks were
arriving at the Laboratory at the rate of one a day.
They then underwent a detailed dimensional and
mag-etic survey, the results of which determined
which of the 336 possible positions each block
would occupy. The actual installation of the blocks
in the magnet room was done in a carefully pre-
determined order so that the concrete monolith on
which the magnet rests would be evenly loaded to
minimise the possibility of tilting.

The powering of the magnet involves generating
current pulses of over 9,000 amps at 14 KV; since
this implies power surges of the order of 120 MVA
(i.e. roughly equal to the power consumption of the

Fig. 3
April 1964. Final checks on the high energy beam lines
emerging from Nimrod.

city of Oxford), it is impracticable to have a direct
connection to the public supply system. Some form
of energy storage is needed, and the system chosen
consists of a double motor-flywheel-alternator unit
connected to the magnet energising coils by a system
of transformers and grid-controlled mercury arc
converters. These converters function as rectifiers
when the magnet current is rising during acceleration,
and as inverters when the magnet is being de-
energised in readiness for the next cycle. During
this period, energy previously fed into the magnet
is being recovered and returned to the rotating plant.
Some power is lost in resistive heating; this causes
a 4% variation in the nominal 1,000 r.p.m. shaft
speed of the rotating plant and the 10 MVA needed
for ‘topping-up’ is what the electricity mains see as
the load. The alternating stresses set up as a result
of the continual pulsation imposes a severe duty on
the rotating plant. There have, in fact, been two
occurrences of mechanical failure in the alternators
which have put Nimrod off the air for periods of
months. Similar troubles have plagued other proton
synchrotrons and consideration is now being given
to replacting the rotary plant by static devices. (See
D. A. Fox’s article in the October, 1968 issue of
Quest).

The component of Nimrod that gave most trouble
was the vacuum vessel. This is a double-walled
structure of glass fibre reinforced epoxy resin. The
outer vessel is assisted in its task of withstanding
almost all the pressure differential by being sand-
wiched between the magnet and the pole pieces,
which are specially shaped to give the required field
gradient for focussing. The material for the outer
vessel is chosen mainly for its mechanical strength
while the inner vessel, having to withstand a negli-
gible loading, is made of a resin with good vacuum
properties. Considerable difficulties arose during
manufacture mainly due to uneven wetting of the
glass cloth by the uncured resin and in ensuring even
curing of such a large and geometrically complex unit.
Vacuum testing at Rutherford Laboratory proved to be
a time-consuming process. Many small leaks had to
be found and rectified, a large fraction of these being
due to the fact that about 10% of the glass reinforce-
ment fibres were hollow instead of being solid. The
meticulous attention paid to locating and correcting
all such faults before the vessel was installed has
proved to have been well spent. Not only has the
vessel been trouble-free in service, but also the good
pressures achieved have contributed significantly to
the final beam intensities achieved, by minimising
the loss of protons due to scattering by residual air
along the 100,000 mile acceleration path.

The above items of hardware plus many others
were being assembled during the early 1960’s, which
naturally was a period of intense activity and interest



for the many people who were seeing the ideas and
decisions of past years coming to fruition. Each unit
had to be coaxed into operation, and much midnight
oil was burned by many groups of people each intent
on ensuring that their particular component would
not be the last to be ready. The first occasion on
which everything worked properly at the same time
was in August 1963; the design energy of 7 GeV had
been reached with a beam of about one-hundredth
the design intensity. The ensuing twelve months were
taken up by detailed investigations of beam beha-
viour, improvements to machine reliability and
stability, and the long process of winning many small
improvements in beam intensity. The design value of
1012 protons per pulse was finally reached in Sept-
ember 1964 and has subsequently been exceeded.
A limited amount of experimental high energy physics
was possible in early 1964, and a full schedule
operated from the middle of that year, which also
saw the official inauguration of Nimrod by Mr.
Quintin Hogg, the then Minister for Science.

During the design and commissioning phase of
Nimrod, the prospective users had been making their
own preparations. In addition to assembling the
particle detectors and targets that constitute the
experiment proper, they shared with the machine
builders the problems of the beam lines. These beam
lines can in some cases be over 200 feet long. They
are built up from components such as quadrupole
lenses, beam bending magnets and velocity separ-
ators, and they serve two inter-related purposes — to
filter off particles of unwanted species or energy and
to guide the wanted particles to the experimental
position in as compact a form as possible.

The stage was now set for the experimental high
energy physics programme to get under way. Some
organisationa!l changes were also imminent as a resuit
of the Trend Committee’s Report on the organisation
of civil science. These matters will be dealt with in
part 2 of this article in the next issue.

Fig. 4. Injector with lid of vacuum vessel raised to show the copper liner in place. This
view is from the output end; the pre-injector can be seen in the background.



the old way

J. D. Davies

For the last 3,000 years of our English pre-history
most of the people lived on the chalk uplands of
Wessex with the plateau of Salisbury Plain as their
‘megapolis’. Their relics today are of great interest
and some even of use; in fact the Great Ridgeway,
which pases one mile south of the Rutherford
Laboratory, is being made a linear National Park.

Uplands Wessex was hemmed in by an almost
continuous expanse of clay forest impossible for
pre-historic man to clear easily and with the added
dangers of wild animals and epizootic disease. How-
ever the light soil of the downs, which nowhere top
a thousand feet, resulted in light woodland and
patches of scrub or gorse; these could be easily
cleared and kept under contro! with grazing beasts.
Thus the Neolithic or New Stone Age started here,
circa 3500 BC, with the infiltration of long-headed,
‘Mediterranean people who brought with them agri-
culture and the domestication of cattle, sheep and
dogs. There was probably little competition with the
indigenous Mesolithic hunters and fishers and
eventually their cultures united to form the econom-
ically self-sufficient Secondary Neolithic.

Our first visible monuments date from this period
and are chiefly concerned with religion and mass
burial of the dead in imposing, earthen long barrows.
The circular monuments with or without stone set-
tings known as henges and the causewayed camps
used for periodic assemblage are peculiar to South-
ern England. Associated with the former are the
mysterious cursuses, pairs of parallel banks and
ditches often several miles long.

About 1800 BC immigrant bands of the round-
headed Beaker Folk (named after their character-
istic pottery), began infiltrating and invading our
eastern and southern shores. Although aware of
metal, they were probably sub-Neolithic. However
they assumed the position of a dominant minarity,
imposing a cultural unity on the existing population
and harnessing local resources to build the many
stone circles, standing stones, avenues, stone rows
and above all, to develop the principle henges, not-
ably Avebury and Stonhenge, to the originals of
their present form. Their most obvious feature was
their insistence on individual burial, with grave
.joods, under round barrows and cairns. However
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what is more significant, to the writer, is the change
from worship of a mother-goddes to that of warrior
gods, possibly brought over by the later Warrior
Culture of the Battle Axe.

The rise of the Mycense empire with its glorifica-
tion of the chieftain class created a social market
for the gold, tin and copper of Ireland and for the
industrial activities planted there from |beria. The
Bristol Avon—Salisbury Plain—Hampshire Avon formed
a vital part of the trade route and this resulted in the
temporary and almost fabulous enrichment of local
chieftains and mercantile aristocracy. Incapable of
such themselves, they stimulated artisans and crafts-
men to bring in the brilliant early Bronze Age about
1500 BC.

Population pressures on the Continent (and later
Julius Caesar) probably cause the many, complex
waves of Celts that, between 600 BC and the arrival of
the formidable and war-like Belgee and Veniti in 60-50
BC started the English Iron Age. Their outstanding
relics today are the many fortified sites, often on the
tops of hills, whose lines of circumvallation rose from
one to three or even more to overcome the range
superiority of slings over spears. However, land
hunger and the use of iron ploughs of improved
design lead to the clearing of forests and a move
away from the downs.

Contributing to the dominance of the Wessex
uplands were its excellent communicatons formed
by the three river routes of the Thames and the two
Avons. The land routes followed the chalk or lime-
stone belts that are flung off or touch the central
area. Thus the Harrow or Hardway, follows the North
Downs from the Kent coast to Stonehenge. The
Great Ridgeway lies on the North Berks Downs to the
Thames gap in the chalk at Goring and then becomes
the I[cknield Way on the Chilterns. Another major
route follows the Jurassic Zone on the hard lime-
stone from the Cotswolds to Yorkshire. Bronze-Age
trade goods provided the first concrete evidence of
the actual location of tracks; those used in early Iron
Age can often be traced in the field e.g. where they
connect hill-top forts, and there is written evidence
in the Anglo-Saxon land chronicles.

As a contribution to increasing outside leisure
activities, a network of long-distance paths is being
established throughout the country. In the Wessex
area these tend to follow the ancient trackways that
were in continuous use from the ancient neolithic
farmers to the sheep drovers of the nineteenth cen-
tury. These tracks lie on the watersheds along the
crests of chalk ridges and pass through relatively
unspoilt and lonely country. They link together
country-wide successions of the great prehistoric
earthenworks as well as other habitation sights and
the fading outline of what were their cultivated fields.

Field systems can be traced back to the late Bronze
Age and from the ground their appearance now
ranges from the banks and ditches of cross-dykes
and ranch boundaries to the slight terracing found
on slopes too steep for present day cultivation; the
latter were formed spontaneously by the method of
ploughing used then.

The sections of Ridgeway track have been long
enjoyed both for superb walks and for their archaeo-
logical and ecologics! interest; the Inkpen or North
Hants Ridgeway starts near Basingstoke and then
goes west along the chalk escarpment overlooking
the Kennet Valley before bending south-west towards
Salisbury Plain. The other is called after the Wands-
dyke, since that huge and mysterious bank and ditch
follows the track for several miles east from Devizes,
until the latter takes to another escarpment high over
the Vale of Pewsey. It is very probable that these
two tracks formed a branch of the Harrow Way that
lead to the Marlborough Downs and Avebury and
then on to Salisbury Plain. The creation of the Royal
Forest of Savernake caused the route to be lost as it
crossed the water divide between the Kennet and
Hampshire Avon near the village of Burbage.

If the two tracks were re-linked and recognized
as a long-distance route, then this ‘Old Way' would
form what could accurately be described as the
finest walk in southern England. Accordingly the
chairman of a local group of the Ramblers’ Associa-
tion persuaded fellow physicists in the K12, Birming-
ham—RHEL, team on Nimrod to attempt the 50 miles
between Devizes and Basingstoke. As our K12 group
leader was worried he might have the word ‘group’
deleted, the first weekend in February was selected
for its absence of machine running and for possibili-
ties of favourable weather.

So a sceptical wife left Chris Adams, John Davies,
Geoff Greyer, Mike Hotchkiss and Tom McMahon
at Devizes early (?) on the Saturday. Within a few
miles it became evident that the group could be split
into those having legs longer or shorter than 31
inches; the former were always half a mile per hour
faster but the leader had short legs and delayed
shouts of ‘wrong . . . way’ somehow kept the party
together.

A heavy hailstorm terminated the efforts of two
members on Saturday evening and a bull nearly
finished off the remainder as they struggled towards
their camp on Ham Hill — we hadn’t noticed in the
gloom that the fence twixt us and the bull had
petered out.

Jim Homer in his rugby boots augmented the battered
remnants in the brilliant sunshine of Sunday. With
ten miles to go, blisters finally defeated Mike who
hitch-hiked to Basingstoke to collect the rescue car
and then acted as cheer leader at each road junction.



With four miles to go, Tom, blister-free, way out
in front and going like a bomb, decided that there
was no pleasure in going on alone along a well-
known track in the gathering gloom and he too
retired. This left Jim to encourage John to finish in
the dark, ten minutes before it began to snow
heavily — however he had cheated by having a toler-
ant wife to ferry him home the previous night.

council commentary

The big subject at the March Council meeting was
the NP Board’s policy review. The Secretary of
State for Education and Science, Mr. Edward Short,
with Mr. D. W. Tanner his private secretary, attended
the meeting for the discussion of this item. The NP
Board re-confirmed its conviction that while the
present facilities would provide for first-rate research
for some years ahead, the 300 GeV or some similar
machine must be the basis of any satisfactory high
energy physics programme in the 1980’s. Although
the Board had to plan within a falling proportion of
the Council’s funds, its plan provided for joining the
300 GeV project if the Government's decision were
reversed, the funds being found mainly by closing
down Nimrod in six or seven years’ time, and by a
reduction in the total number of experimental high
energy physicists and nuclear physicists supported in
the universities. An alternative plan was provided in
case the Government's decision were not changed.
The effect of the first plan on the work and staff use
of the Rutherford Laboratory was discussed, and the
Council was also glad to hear that the Chairman
would visit the Laboratory, and that in the course of
the visit he intended to discuss with the staff the
problems which particination in the 300 GeV project
might raise.

The April meeting was a long and varied one. The
Council, exceptionally, agreed to receive a delega-
tion from the Staff Side of the SRC Whitley Council,
to present their views on the proposals to phase out
NIMROD and reduce the staff of the Rutherford
Laboratory, should the UK decide to join the 300
GeV project. The Staff Side, leaving aside scientific
questions as being wholly the Council’s responsibil-
ity, presented a challenge to the Nuclear Physics
Board’s plan on other grounds.

The next item was the consideration of the finan-
cial Forward Look for 1970-1975. As approved by
the Council this shows the alternative NP programmes
with and without the 300 GeV, no decision between

This ‘Old Way” will amply repay the great amount
of work required to make it into a long-distance
route. Where signposted as a right-of-way, it was
crowded; elsewhere we managed to walk seven
miles without crossing a road or seeing a single
person. As a final observation the two ‘finishers’
were the only ones not to suffer from blisters and
only they wore ordinary shoes.

these two being necessary for a further year. The
programme shows a rather higher proportion than in
recent years of expenditure on large projects to pro-
vide for the needs of the future, and there is further
development of the policy of special encouragement
of selected fields of research. In this connection the
Council also considered the UST Board's revised
policy review, which besides dealing with purely
UST matters, made recommendations on several
matters of general Council policy, such as the selec-
tion of fields of work for special encouragement, and
the provision of grants for more ancillary profes-
sional and technical posts. These will be more fully
reported in the Council Annual Report.

Professor Hoyle introduced the full review of
optical astronomy in the southern hemisphere which
had been carried out in 1968 under his chairman-
ship. The recommendation, accepted by the ASR
Board, would provide for an impressive and exciting
programme within a reasonable expenditure. Facili-
ties in Australia would be concentrated at the site
of the Anglo-Australian telescope, and in South
Africa and it was hoped that a good programme
could be arranged in collaboration with the CSIR
(South Africa). At the March meeting, exploratory
negotiations in Australia and South Africa had been
reported. The Council was informed that these were
proceeding well, and authorised their continuation.

Large individual items approved by the Council at
the April meeting were the completion of develop-
ment of the Stage 5 (star-pointing) stabilisation of
the Skylark rocket, the total approval now being
£705,000; necessary spares for the Nimrod magnet
power supply, costing £290,000; and grants totalling
£330,000 to Imperial College, Reading and Oxford
Universities for experiments in satellites HEOS A-2,
Nimbus-D and Nimbus-E. The Council also approved
at the Rutherford Laboratory the design study cost-
ing £50,000 of a high field bubble chamber and for
the Radio and Space Research Station, equipment

9



costing £60,000 for a new coliaborative programme
with the GPO on radio-meteorology and millimetre
wave propagation. The Council welcomed this col-
laboration, one of the first to be undertaken under

the policy that establishments should devote more
of their allocated rescurces to work of practical
application.

TRIUMF
on the
PLA

W. D. Allen

The Rutherford High Energy Laboratory is known
chiefly for its 7 GeV proton synchrotron, Nimrod.
Less conspicuous, but widely used by many univer-
sity teams, is the Proton Linear Accelerator, referred
to locally as the PLA. (The appellation ‘Ramrod’ was
fiercely resisted by the PLA community). The PLA
produces beams of protons of energy 30 MeV and 50
MeV, and has until six months ago been exclusively
used for nuclear physics. During May—October 1968,
however, an experiment was mounted which differed
in many respects from normal. For one thing, it was
an experiment in atomic physics; for another, the
stripping cross sections sought were of interest be-
cause they were the basic parameter in a machine
magnet design; for a third, it was carried out by
a team of Canadian visitors. A brief account of the
motivation of the experiment, and of the use of the
PLA to achieve a rather novel result, may be of
interest.

meson factories

It has been known for 20 years that beams of protons
in the energy range 200-500 MeV have sufficient
energy to produce mesons from target material: the
period 1948-56 saw many experiments reported on
meson and proton scattering in the energy range of a
few hundred MeV. After 1956, high energy physics
raised its sights with the advent of machines in
the range of thousands or ten of thousands of MeV,
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and the range we have been speaking of has been
relegated to the realms of classical high energy
physics. Now the cyclotrons of ‘classical’ high
energy physics were relatively low current machines:
an extracted beam of one microampere was regarded
as good. lf, howeved, we had not one microampere
but one thousand microamperes in the incident
beam, then one would have a powerful machine for
a wide variety of purposes. Thus, one could repeat,
with much greater precision, the ’classical’ experi-
ments on proton and meson scattering in this energy
region: and one could, with a high fiux of relatively
slow pions, produce beams of relatively slow muons
which would be far more intense than any existing
source. In addition, however, a 500 MeV beam if
brought to rest in a solid will liberate about 25
neutrons for each incident proton, so that one would
have a powerful neutron source, either in terms of
total flux or in terms of a pulsed source: and so on.
The case for a multi-purpose facility, described in
popular literature as a meson factory, is impressive
(see, for example, Physics Today, Snell & Zucker
1963 or Rosen 1968).

but what kind of machine?

The last sentence is of course a subjective judge-
ment. The case may be impressive to some, but the
fact is that until the last few years, no proposal has
been funded. There are various reasons for this, not
the least being the fact that a multipurpose powerful
machine is very expensive. Another consideration has
been the fact that machine physicists have been
divided in their advocacy as to what machine to
build. Cyclotrons in general suffer from the major
disadvantage that efficient beam extraction represents
a diffcult problem. In a cyclotron, the ions execute a
spiral path in a magnetic field, being accelerated
twice per revolution, i.e. each time they pass the
edge of an electrode appropriately called the Dee,
carrying radiofrequency power. In the beginning, the
gain of energy per turn is large compared with the
particle energy, and the separation between succes-
sive turns is large. When the particle energy is high
(several hundred MeV) the relative energy gain per
turn is small. The turns of the spiral are therefore
close together and it is difficult to prise them apart
in such a way as to extract the beam without disturb-



ing the preceding orbits. In practice, this means that
one can get about half the beam out: the remainder
is deposited in the extraction system. For a high
power machine, the radiation problem that this poses
is formidable. An attempt to avoid the problem, the
Separated Orbit Cyclotron, originally urged by F. M.
Russell of the Rutherford Laboratory, has been
thoroughly studied, but has found no sponsors except
for a small scale test model at Oak Ridge.

The linear accelerator suffers from no such prob-
lem: the beam, accelerated in a straight line, comes
straight out through a thin window. Here however
the problem is different: the radiofrequency power
driving the accelator is very high, and the valves
supplying the power are normally operated with a
low duty cycle {i.e. the ratio of ‘on’ time to total
time is small}. The consequence is that the objective
of a high mean current is difficult to achieve.

Despite these difficulties, two ‘meson factories’ are
in the course of construction. In Zurich, Switzeriand
a special type of ring cyclotron is going together,
while in Los Alamos, New Mexico, a meson facility
is being developed from a linear accelerator with a
6% duty cycie. A third project, the Intense Neutron
Generator at Chalk River, a linear accelerator with
100% duty cycle, aiming at 656 mA at 1,000 MeV,
has recently been turned down.

TRIUMF

There is, however, an alternative to the normal type
of cyclotron which, while accepting a rather lower
mean current, neatly sidesteps the problem of extrac-
tion. This proposal originated in Los Angeles, and
has been taken up by a group of Universities in
Western Canada, who have given it the acronym
TRIUMF — Tri-University Meson Facility. The pro-
posal is this. Hydrogen (neutral) atoms can lose an
electron to form a proton; they can also attach an

FARADAY CUP

electron to form a negative hydrogen ion. The ‘glue’
that holds the electrons on is relatively weak, so
that when the ion passes through matter at high
energy, for example a thin foil, it loses both electrons
and becomes positive — a principle long in vogue in
tandem electrostatic generators. In a cyclotron accel-
erating these ions, the particles are deflected towards
the centre of the machine by the magnetic fields:
when the sign of the charge on the ion changes, the
force on the particle reverses in direction, so that the
(now positive) ions are actually pushed out by the
magnetic field. The stripping by the foil is effectively
100% efficient: the beam is only very slightly scat-
tered by passage through the foil, and therefore
emerges from the machine without loss. Extraction is
therefore approximately 100% efficient, and — rela-
tively speaking — no radiation problems arise.

In addition, however, to the modesty of the current
— 100 microamperes is aimed at in TRIUMF —a
second problem arises. The force that deflects the
negative ion in the cyclotron magnetic field is the
force on the attached electron: and, as we have
said, the glue holding this electron to the residual
neutral atom is relatively weak. There comes a time,
therefore, when the forces of deflection are such
that the electron is prised off the atom, which is
thenceforward lost to the system. By suitable design,
the system can be organized to give a maximum ion
energy of the 500 MeV. However, a knowledge of the
electron loss cross section; i.e. the rate of loss of par-
ticles of adequate energy in a known field, is an
important factor in the machine design. This ‘strip-
ping’ cross section can be estimated theoretically,
but not with high accuracy; it has been determined
experimentally on the Los Angeles cyclotron, but
again not with with accuracy. Since the machine
performance (in TRIUMF) and the magnet design
depend on this cross section, an accurate determina-
tion was essential, and, soon after the project was
funded, a request was made for a fresh experimental
determination at the RHEL.
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PLA experiment

Ideally, one could seek to carry out the test with a
beam of 500 MeV negative hydrogen ions in a mag-
netic field of 6 Kilogauss maximum. Since no such
beam is readily available, an alternative is to estab-
lish the stripping of a 50 MeV negative ion beam
in a magnetic field of at least 20 Kg: in principle,
the determination at one magnetic field only is neces-
sary, as the uncertainty in the theory is mainly in
the parameters chosen. In the PLA, negative ions are
accelerated as easily as positive, by virtue of the
linear path and the fact of the alternating character
of the accelerating voltage — provided that enough
negative ions can be produced. The injector of the
PLA operates (Fig. 1) at 500 Kilovolts, and passing
this beam through carbon foils was expected to give
enough negative ions for the experiment (i.e. about
105 per second). In the event, the carbon foils burnt
out too rapidly; however a tube carry water vapour
proved sufficient to yield an adequate negative ion
beam. The attraction of the method was that, apart
from the mechanics of inserting or withdrawing the
tube, no change in the operation of the accelerator
was required, so that the TRIUMF experiment was
scheduled for the machine with effectively no inter-
ference to the nuclear physics programme.

The intelligent reader who has struggled thus far
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will be justified in wondering how the claim
of 100% efficiency in stripping electrons from nega-
tive hydrogen ions by passing through a foil, can
be reconciled with this reverse assertion: the pro-
duction of H- ions from protons by passing through
foil or vapour.

It all depends on the proton velocity. At 12 KeV
energy, a proton has the same velocity as an atomic
(orbital) electron. As the protons of this energy pass
through matter, many electrons, initially attached to
stationary atoms in the matter, execute a sort of
‘excuse me’ dance and switch their attachment
to the fast protons, which become fast neutrals.
If this happens twice, one has a fast negative hydro-
gen ion. A 12 KeV, two in a hundred fast particles is
a negative hydrogen ion. At 500 KeV, the proportion
is very much less, but still adequate: at 500 MeV,
all the fast particles are protons.)

The rest of the experiment was straightforward
(Fig. 2). The beam was bent into a spare experi-
mental area and passed between the jaws of a large
magnet (22 Kilogauss maximum) borrowed, with
modifications, from Nimrod. This bent the ions
through an angle of about 30° in a path of some

12 inches. A small fraction of the ions were
stripped en route, and the resulting fast neutral
atoms — still, of course, retaining their 50 MeV
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energy — were detected by an extended spark cham-
ber sysiem borrowed from the PLA spectrometer. The
ratio of the number of ions recorded in the spark
chamber to those in the counter telescope gave the
stripping cross section required. The results are ex-
hibited in Fig. 3, where the ordinates are in terms
of time for stripping in the field, i.e. related to the
electron loss cross section, and the abscissa is the
electric field in M.V/cm, equivalent to the deflecting
magnetic field. The curve marked ‘Hiskes’ is one of
the original theoretical estimates, which appeared to
agree with the original measuremenis, shown by
crosses, taken at the Los Angeles cyclotron. The
other curve and the theoretical expression shown
is of the same form, but modified to fit the points
taken on the PLA, shown by circles and dots.
Although the two curves might appear close to each
other, the scale is logarithmic, so that the PLA figures
for the stripping cross section are one-third smaller
than the previous values.

The outcome? That the TRIUMF magnet needs to
be slightly larger than originally expected. However,
it can now be designed in the confidence that the
parameters on which the design is based are firmly
established.

“Hello earth . . . look, I'm not quite certain how to put this . ..

with acknowledgement to Times Educational Supplement
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people
and their pastimes

motorcycle sprinting

E. N. Walker
RGO

Beneath, and almost part of you is the machine, a
throbbing 1,000cc twin cylinder Vincent, barking a
raucous percussion into the grid area cacophony, but
sounding very sweet to ears tuned by anxious experi-
ence to detect this one note from a full orchestra of
almost identical instruments.

In front stretches the course, a strip of tarmac, a
seafront promenade, or a disused aircraft runway.

The right hand tweaks the throttle spasmodically
and the body vibrates to the answering rise and fall
of engine revs. A signal . . . ‘go when ready’ . . . left
hand claws down the goggles and grips the clutch
lever, toe of right boot lifts gear into first. Slide back
in seat; rev to seven thousand; exhausts blast stac-
cato flames into the inferno of sound; smoothly
release clutch lever.

Front wheel paws the air, rear wheel fights for grip,
fails and spins crazily, bites, and you're away. 100
yards out and 80 on the clock, rev. counter shows
seven thousand, hand and foot co-ordinate to flick
into second gear. Revs die then swing up again to
seven thousand; into third and again to seven thous-
and; 110mph now, the engine note, muted by the
speed, is sweet and regular.

If its a half-mile sprint, the throttle stays open in
top gear and you cross the line at about 135mph; if
its a kilometre run, then you’ll be at 140 plus. At this
speed the wind blast is like a physical blow, differ-
ing only from a punch on the jaw in that the whole
of the body suffers the same treatment. The air
pressure is so great that cheeks flap like paper. Once
over the line, the right wrist, which is holding the
throttie open, eases back, and if the run-out distance
is short, there are anxious moments of swift gear
changing and hard braking.

You've just covered a quarter of a mile in thirteen
seconds, or a half-mile in about twenty seconds;
you've worn a visible amount of rubber off the rear
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tyre, but you MIGHT have made the fastest time of
the day, which would really make the journey worth-
while. But whether you have won or not, you are still
alive, so you return to the paddock hoping to do
better next time. That’'s what sprinting is all about . . .
a man/machine combination against a clock cali-
brated in one thousandth of seconds.

Motorcycle sprinting must be the least commer-
cialised of all the mechanised sports. An almost com-
plete lack of cash prizes, coupled with a truly
competitive attitude and the friendly cooperation
of organisers and competitors, makes for a very
amicable sport. There are, of course, varying degrees
of involvement: on the one hand there are the pro-
fessionals, probably dealers, whose commitment is
almost total, they use their success at speed events
as advertising. Their specially prepared machines
wear flat tread slick tyres and drink £25 per gallon
high explosive fuel at a rate of two miles to the
gallon. These men are the fastest on two wheels in
the world; speeds of up to 200mph are attained for
a standing start kilometre; a standing start quarter
mile will be covered in ten seconds, with a terminal
speed of 135mph.

To illustrate the sort of speed involved, imagine a
man travelling at 140mph in an ‘E’ type Jaguar. He
pases an expert motorcyclist as he drops the clutch
on a standing start sprint. The dot in the rear view



mirror recedes for about a quarter of a mile, but at
0.6 of a mile, nineteen seconds after passing the
stationary bike, it flashes past the Jaguar and leaves
it at up to 50mph in excess of the speed of the car.

At the other end of the scale there are the hun-
dreds of enthusiasts who, like the author, compete
in standard production machine events. Here, the
machines must be fully equipped for the road, with
lights, dynamos, mudguards, etc. Engine tuning is
permitted, but special fuel, supsr-chargers, special
tyres, etc, are out. The speeds are in a different order
to those of the experts, but competition is none-the-
less keen. The author, with his own machine has
consistently clocked times of under 13.5 secs. for
quarter mile events, and has a ‘best time’ of 13.06,
which has been bettered by very few people in the
world on production machines.

For anyone wanting to take part in a motorised
sport, motorcycling is probably the cheapest ticket;
even so, it is still a fairly expensive hobby. Entry
fees usually cost £1 and £5 for petrol for the day;
all for a total of six runs, which, if they take much
more than thirteen seconds, means that you've
wasted your time. Add to this the cost and time of
tuning the machine, frequent tyre changes and
special clothing . . . not to mention the cost of buying
the bike in the first place. The prizes, if you are lucky
enough to win them, won’t help the exchequer one
little bit, they usually consist of an engraved trophy
or a pint tankard!

The author has tried motorcycle sprinting, road
racing, hill climbing and sidecar racing (as a pas-
senger). Having been terrified on a wet, sheepdung-
covered potholed hill in Westmorland in a hill climb
event, and crashing heavily in a solo motorcycle race
at Cadwell park, he decided that these events should

One hundred yards out from the start, 80 mph on the
clock and into second gear.
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be left to the more heroic element. For those who
need the occasional adrenalin injection however, pas-
senger riding in a racing sidecar can be recom-
mended above all else. Not for them the impersonal
battle with a clock; instead, the deathly hush of the
starting line, desparate pushing to start and the
frantic grab and scramble to get aboard. Once on
the move and in the race proper, all connection with
sanity is severed. The cosy environment of modern
society is replaced by a hard, bucking platform which
seems determined to throw you off or beat you to a
jelly. One's path is defined by a tortuous strip of
concrete, spinning past at speeds up to 120mph.
When it bends to the left, it is imperative to lean out
as far to the left as possible in order to keep the
sidecar wheel on the ground, or at least as close to
it as possible. In this precarious manner one rounds
corners at three figure speeds with one’s rear end
literally scraping the ground. With right hand turns,
one has to lean over the rear of the bike in an effort
to keep the rear wheel in contact with the ground.
The vibrations of the engine and frame are trans-
mitted through the ribs to the viscera, and within
inches of one's ear, the driving chain wines a
tortured protest with the recurrent snatch, jerk,
snatch, jerk as the power is fed on and off. The
nostrils are assailed by the smell of burning rubber
as the rear tyre slides around the corners. It is
necessary to anticipate these abrupt changes of
direction and to shift one's weight at precisely the
right time, but little or nothing can be seen of the
course, so one has to rely on the experience gained
from trial runs. Even on the straights, when prone
on the floor of the chair, the roar of the engine and
how! of the wind combined with the view through
the transparent nose cone as the road rushes up at
120mph only three inches from one's face, makes
for an environment which defies description; experi-
ence is the only teacher here.

This is total commitment in the grand manner,
indeed it's no place for anyone but the totally com-
mitted; if one should hesitate, even for a fraction of
a second, to lean either to right or left, then you will
assuredly crash.

Why do it . . .?, well there are probably as many
answer as they are competitors. No doubt a Freudian
would find evidence of overt sexuality; an Adierian
would suggest a power complex; and the riding of
a shiny, black solo motorcycle would offer consider-
able scope to any student of Jung’'s archetypal
symbolism.

For my own part, | would suggest that there are
no words to explain why . . ., the same urge makes
people climb mountains, sail boats, grub around in
potholes, etc. In fact it's all a part of living life to the
full; a life which might be much safer if you didn't
indulge in such pastimes, but, oh so very dull.



Bill Stewart joined the staff of the Royal Observatory
Edinburgh as a Handyman in 1960, at a time when the
Observatory was expanding rapidly. He became a Driver/
Handyman for a time, but reverted to his old grade when
the transport situation became more stabilised. Now, at
the age of 67 years, he is a Nightwatchman, a job he
hopes to keep until he becomes an ‘elderly citizen’.

a day on the river

W. D. STEWART

Come with me along the left bank of one of our
famous Border rivers on a bright early morning in
early October. The air is cool after a sharp night
frost which has dusted the earth with a fine silvery
powder. On our right the ground, which slopes
sharply away from the bank, has been planted in
alternate strips of Larch and Douglas Fir, the dark
green in sharp contrast with the gold-bronze of the
Larch can be seen for quite a distance away. On our
left, the mainly arable ground is divided into a
patchwork of fields of various shapes and sizes,
blending into the range of rolling hills that forms
the sky-line. October is a time of colour in the
country and here we find it at its best; hawthorn and
rose-hips glisten dark red and the bright rowans
contrast with jet black elderberries which hang like
bunches of small grapes.

Walking along a rough track leading from the main
road, we come to a hut and seated in its open door
are two men, lean and weatherbeaten, who are gazing
intently at the river; they are boatmen, or Ghillies,
who, in the season, earn a living by imparting some
of their long inherited fishing skills to the visiting
city dwellers.

They both have old Border names; James Anderson
and Peter Young, and we find them discussing their
‘Gentlemen’ for the day. In a heavy brogue Jim says
‘Ah've got a Mr. McArthur, he's a whusky traveller
frae Glesca’, Pete, ‘Ah aye kent ye was yin o' the
Lord’s annointed, Ah've got a lawyer frae Edinburry,
he’ll no be that hot; he's a Mr. Naysmith’. Jim
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acknowledged this with a slight grin and said no
more.

The two men have been friends since their school-
days and started work as young gamekeepers, until
the youthful call to adventure made them apply to
enlist in the Regiment. Pete was bitterly disappointed
when the army doctors discovered an astigmatism
in his left eye and pronounced him unfit. This did
not prevent him from becoming an expert with the
twelve-bore shotgun, and he was a regular winner
at clay pigeon shoots in many parts of Scotland and
over the Border. Jim was accepted and served with
distinction for full term of twenty-one years, rising
to the rank of Colour Sergeant.

Down the track comes a blue-grey ‘Jag’, which is
expertly manoeuvred and parked alongside the hut.
The owner, dressed in faded corduroy trousers, well
worn sports jacket and battered felt hat, gets out
and with a cheery ‘Good morning” announces the fact
that McArthur had arrived. Jim takes over and the
gear is soon offloaded from the car and taken into
the hut. A small hamper of food is placed on the
table and the tackle and rod taken out to the boat,
where in a matter of minutes, it is ‘set up’, the line
run out and a leader expertly attached. ‘What's the
killer today’ queries McArthur. ‘Well ye could dae
waur than pit on a Hairy Mary, no ower big’ replies
Jim. 'OK, you're the doctor’, and from a well stocked
box, Jim selects his ‘flee” and with a style of his own,
attaches it to the leader.

Meanwhile, Mr. Naysmith had arrived, driving a



mud-stained Cortina, which he parked alongside the
other car. A quiet ‘Good morning, gentlemen’ seemed
to imply that he was not one to waste words. Pete
gave him quick service and in a short time, both
boats were ready for the day’s fishing.

The two men tossed for first drift and Jim pushed
off quickly with McArthur into quiet water and
allowed the boat to drift slowly downstream. Mc-
Arthur wasted no time and was soon flicking a lovely
long line across the river. After about twenty
minutes, with a splash and a hefty pull he was
playing a fish that took about eighty yards of line
with its first rush. ‘Rush and Recovery’ soon subdued
it. however, and it was brought alongside and
expertly netted by Jim, who gave it the ‘last rites’ —
a sharp blow on the head with a small wooden baton
called a ‘Priest’. On the scales it showed eighteen
and three-quarter pounds. ‘A beauty’ grinned Mc-
Arthur, ‘a gey guid fish® agreed Jim, stowing it
carefully in the bottom of the boat. McArthur reached
into his bag and brought out a bottle of whisky and
a tumbler. Removing the foil and cork, he poured
about four fingers and handed it to Jim who downed
it in a oner. Returning the glass, he remarked ap-
preciatively ‘By, that wis a stiff yin'. McArthur
poured again and with a muttered ‘Cheers’ followed
Jim’s example. After a moment’'s attention to the
line, MicArthur began to cast again and soon hooked
another, lesser specimen, which received the same
treatment and fiery blessing, before Jim turned the
boat upstream for lunch.

In the other boat, poor Pete was getting a rather
thin time. Naysmith had made it plain from the
outset that he did'nt need any advice on the selection
of flies. I've been advised to try a ‘Jock Scott’ he
said, to which Pete replied with a non-committal
‘fair enough’. Naysmith began to cast, first rather
awkwardly and then with a steady swing, but he
achieved no success. After an hour’s fruitless cast-
ing, Pete remarked, ‘Ye could try anither flee’.
Despairingly, Naysmith agreed and turning back the
lapel of his coat, Pete selected one of three which
weer stuck into the cloth; ‘try that yin’ he said and
quickly tied it on.

The fly was very similar to the one chosen by Jim
and was one of Pete's own dressing. Within about
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ten minutes the fly was taken strongly by a good fish
which took Naysmith by surprise. He attempted to
rise to play it, but was curtly ordered to ‘sit doon and
let it rin’. After a lot of vocal help, Naysmith brought
the fish in close to the boat for Pete to net. ‘My first
salmon’ he exulted, ‘Ah thocht as much’ grunted Pete,
and after a pause, ‘ye micht ‘ave tellt me ye wis a
beginner’. ‘I'm sorry, | should have said so’ apologised
Naysmith, ‘I did'nt think'.

Pete was slightly peeved by the non-appearance
of the ‘dram’, but did not let it show. A somewhat
subdued Naysmith started fishing again, but not for
long; as Jim’'s boat passed them, Pete turned in
behind and followed them to the hut, where the boats
were run up onto the shingle and the catch taken in
for inspection.

McArthur opened his hamper and set out food
and cans of Bass Export for each man. ‘Right lads,
dig in’ he invited, and they fell-to, Naysmith included
and he seemed to become more amenable as the
meal progressed. There followed a pleasant hour,
talking about fishing, shooting and the countryside in
general; Naysmith listening intently, but saying little,
leaving the conversation to McArthur who was a
good talker and seemed to have a good knowledge
of the countryside.

After lunch, Pete was first back on the river,
followed after a short interval by Jim. Naysmith soon
hooked, but lost a small fish, then landed an accept-
able ten-pounder. McArthur landed one about twelve
pounds in weight, but a chill wind had sprung up and
with it, the fish evidently decided to seek other,
more sheltered water, because neither men had any
more luck and shortly, by mutual consent, they
decided to call it a day.

On arrival at the hut, the rods were ‘taken down’,
the catch packed in polythene bags and, with the
gear, stowed in the boot of the cars. As this was
being done, McArthur turned his back, extracted a
pound note from his wallet, folded it neatly, and on
shaking hands with Jim, deftly palmed it. He
answered Jim's thanks with a grin, slid under the
wheel of his car and was off. Naysmith was equally
appreciative and dexterous and he moved off leaving
Pete in a slightly astonished state. Thus ended a
routine day in the lives of two of my friends.
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Knighthood for the Chairman

Professor B. H. Flowers, FRS, receives a knighthood
in the Queen’s Birthday Honours List.

OBE
Professor |. N. Sneddon, member of the UST Board
and the Computing Science Committee.

BEM
G. E. A. G. Barnett, Senior Scientific Assistant, RSRS.

The picture shows (r) Mr. J. Cemow, Head of the Nuclear
Physics Division with the Director-General of CERN,
Professor B. P. Gregory.

BRITAIN FIRST TO ACCEPT CERN CONVENTIGM CHANGES

HEYRIK-GENEVA : CONWTINUING A TRADITION ESTABLISHED .IN 1954

WHEN THE UK. WAS THE FIRST MEMBER STATE TC RATIFY THE CONVEHTION
ESTABLISHING THE EUROPEAMN ORGANIZATION FOR NUCLEAR RESEARCH, THE
BRITISH DELEGATE HAS OELIVERED TO THE DIRECTCR-GEMERAL OF CERN THE
OFFICIAL NOTIF)CATION THAT BRITAIN HAD ACCEPTED THE AMENDMENTS TQ
THE CONVEMTION PRCPOSED BY COUNCIL.

THE CXISTING CERM COMVEMTION EXPLICITLY PROVIDED FOR THE
ESTABLISHMEMT OF A FUNDAMENTAL NUCLEAR PHYSICS RESEARCH CENTRE NEAR
GENEVA WITH TWO ACCELERATCRS SERVING AS PRIANCIPAL EXPERIMENTAL
TOOLS - A SYNCHRO-CYCLOTRON OF 600 MEV AND A PROTOM SYNCHROTROM

OF MORE THAN 10 000 MEYV C(CURRENTLY CAPASLE OF 28 000 HEV).

FOR EUROPE NOW TO PROCEED WITH ITS PLAMS FOR A 300 GEV PROTOM
SYNCHROTRON WITHIN THE FRAMEWORK OF THE 3AME ORGAI!l ZATIOM, THE
CONVENTION MEEDS TO BE MODIFIED - RECUIRING THE ACT!VE AGREEMENT
OF ALL THE PRESENT 13 HEHMBERS, THE REVISIONS TQ 3£ RECOMKEMDED
TC GOVERNMENTS WERE AGREED BY COUNCIL [N DECEKBER 1567,

THE REVISED CONVENTION PROVIDES FOR THE SETTIKG UP OF OTHER
LABORATORIES.CONTAINING OHE OR MORE PARTICLE ACCELERATOR AND
ASSOCIATED EXPERIMEMTAL EQUIPHENT EACH WITH ITS OUN DIRECTOR-GEMERAL
RESPONSIBLE TO A COMHON COUNCIL IN TURN ADVISED 3Y A COMMON
SCIENTIFIC POLICY COHMUITTEE AHD FINANCE COWMITTEE,

SRITAIK 1S HOT OHME OF THE SIX COUMTRIES (++) WHO HAVE ALREADY STATED
THEIR WISH TO PARTICIPATE [ THE 300 GEV PROJECT., THEIR BEING FIRST
TO AGREE THE CONVENTION CHANGES DOES, HOWEVER, DEMONSTRATE THE
ACTIVE SPIRIT OF COLLABORATICN THAT 1S IN EVIDENCE AT CERN.

C++) LETTERS OF |NTEHNT HAVE BEE! RECEIVED FROI AUSTRIA, BELGIUH,
FEDERAL REPUBLIC CF GERMANY, FRANCE, [TALY AHND SWITZERLAMO,

EOVIN N. SHAY
CHIEF-IKFORMATICN OFFICER
CERMN GENEVA




Lord Halsbury listens intently
while Dr. David Thomas,
Group Leader of the High
Field Bubble Chamber Group
describes an aspect of the
Applied Physics Division's
work.

Dr. Francis (1), Lord Halsbury,
and Professor Gunn, deeply
interested in an explanation of
the function of the High
Energy Bubble Chamber, given
by Dr. David Thomas.

Mr. B. Jones of the ARU
Division, Culham, describing
solar physics results to (I to r)
Mr. Hosie, Professor Hoyle,
and Dr. Gavin.




Dr. Francis, the Secretary of
the SRC, being shown one of
the first pictures to be taken
of an event in the new

1.5 metre bubble chamber.
Explaining the print is Dr.

P. R. Williams, Head of the
Bubble Chamber Group.

Tea Break

Groups of Council members
talking to laboratory staff dur-
ing a break for tea in the

PLA conference room.

In the background, the Chair-
man can be seen talking to
Dr. Pickavance and Dr. Gavin.

Whatever else it may look like
to the uninitiated, the object
in the hands of J. R. Stokoe
of the Engineering Design and
Development Department, is
the tailpiece of the liquid
hydrogen target.



The Astronomer-Royal wearing the badge and chain
of the Master of the Worshipful Company of Clock-
makers, at the garden party held in the grounds of
Herstmonceux Castle on June 6th. Sir Richard is this
year's Master of the Company and is the fourth
Astronomer-Royal to be so honoured.

Photo David A. Calvert

Atlas support for Atlas

Manchester University’s Atlas computer was damaged
by fire on the evening of Sunday May 4, but a very
swift first-aid programme was arranged between
Professor Sumner of Manchester and Dr. Howlett of
the SRC’'s ACL, whereby at least part of the Man-
chester work could be continued until repairs could
be effected.

A telephone call to Dr. Howlett on the Sunday
night produced quick results and on Monday it was
arranged to allow one hour in twenty-four for the
University's work, and a full eight hours on Satur-
days.

The first programme was run through within
twenty-four hours of the fire and the results available
at Manchester on the following morning.

contributors

A. P. Banford, B.Sc.
‘research at Rutherford’
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J. D. Davies, Ph.D.
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Cover picture of the Moon surface shows International Astronomical
Union crater number 308, 80 km in diameter (location 179 degrees E
long. and 5.5 degrees S lat. photographed from Apollo 11 during the
ascent of the lunar module to rejoin the command ship in orbit on

July 21.

We are grateful to the United States Information Service for providing

this photograph and those on pages 11, 12 and 15.



‘| stopped playing football when the bruises began to
take too long to heal . . .’, but Dr. Saxton had a
longer run than most scientists can expect and might
easily have become as well known in the field of
sport as he now is in the world of radio wave
research.

Born in a small Leicestershire village in 1914, he
went to school in Castle Donington and at Lough-
borough Grammar, where he captained the soccer
team and also played in Midlands’ Public Schools
representative football. Going up to University didn’t
deter him and he played at centre-forward for Im-
perial College, and later captained the WNational
Physical Laboratory team, before the recalcitrant
bruises persuaded him to accept first the position
of Treasurer and then Chairman of the NPL Sports
Club.

In 1933 Dr. Saxton went to Imperial College with
a Royal Scholarship where he obtained a first-class
honours degree in physics and was awarded a
Governor’s prize. He stayed on at Imperial until early
1938 as a Demonstrator in the Physics Department
and studied artificial radio activity produced by slow
neutrons. After leaving Imperial College he joined
the Radio Division of NPL, where his first work was
with Dr. J. S. McPetrie on the propagation of very
high frequency radio waves and this kind of research
work has loomed large in much of his professional
career. It was thus not surprising that during the
second world war he should be engaged on wave
propagation work closely related to radar and micro-
wave communication problems.

The post war years saw a wide and rapid expan-
sion in the use of very short waves for broadcasting,
including television, and point-to-point communica-
tions. This resulted in close collaboration between
the Radio Division of NPL and the BBC and Post
Office, involving an expansion of the propagation
research under Dr. Saxton. As these studies devel-
oped, it became increasingly clear that a better
understanding of the relationship between meteor-
ology and radio wave propagation was required — the
subject now known as radiometeorology — and that
in particular, research on the fine-scale radio refrac-
tive index structure of the troposphere in relation to
the weather was essential. Work in this field was
continued at the Radio Research Station when it was
established as a separate laboratory of the DSIR at
Ditton Park in 1956.

In 1954, Dr. Saxton attended a session of the
Administrative Staff College at Henley-on-Thames,
and in 1961, eighteen months after being appointed
the first Deputy Director of RRS, he accepted an
invitation to become a Visiting Professor of Electrical
Engineering at the University of Texas. He spent a
most enjoyable academic year in America and al-
though the University exacted a full pound of flesh

profile

Dr. J. A. Saxton, Director

Radio and Space Research Station

in the way of teaching assignments, he did find time
to enjoy the wide open spaces and frontier life and
also to return briefly to an earlier research interest in
microwave di-electric studies of polar liquids.

He resumed his duties as Deputy Director at
RRS but in 1964 was back once again in the United
States: this time as Director of the United Kingdom
Scientific Mission and Scientific Counsellor at the
British Embassy in Washington. He was no stranger
to UKSM, for he had been there for short periods in
1945 and 1950 as a Liaison Officer in radio physics.
He found this new work a rewarding experience
and he particularly appreciated the involvement in
science policy; but whether to try to be a scientific
diplomat or a diplomatic scientist, that was the ques-
tion! History then repeated itself, for in April 1966
Dr. Saxton again returned to Ditton Park to be
appointed, in succession to Mr. J. A. Ratcliffe, Direc-
tor of what had in his absence become the Radio and
Space Research Station.

Dr. Saxton is keenly interested in fostering col-
laboration between RSRS and the universities and is



himself a Visiting Professor of Physics at University
College, London. He is also very active in inter-
national scientific matters and is at present chairman
of Commission 1l (on radio and the non-ionized
atmosphere) of the International Union for Radio
Science (URSI). His interest in promoting the effec-
tive use of the results of scientific research has sus-
tained an association over many years, which still
continues, with the work of the International Radio
Consultative Committee (CCIR) of the International
Telecommunications Union.

A Fellow of the Institution of Electrical Engineers,
Dr. Saxton has several times been a member of
Council and of specialist commiitees, and will be
the Chairman of the Electronics Board for the 1969—
70 session.

Dr. Saxton lives in a large old Victorian house in
Teddington, where he indulges his interest in music
through a hi-fi stereo installation. Fortunately, Mrs.
Saxton is a keen gardener, so that his enjoyment of
the music is not marred by a conscience over en-
croaching weeds. His son followed his example by
going to Imperial College to study electrical engineer-
ing and his daughter, who spent some time in the
UST Division of the London Office, is a graduate in
languages at Exeter University and is now with the
Inner London Education Authority of the GLC pre-
paring to be a Careers Officer.

guest column

A new, regular feature written by outside contributors
who have an interest in SRC affairs. Our first ‘guest’,
Brian Southworth, is known to many readers. He is editor
of ‘CERN COURIER’. Previously he edited ‘Orbit’, former
house journal of the Rutherford Laboratory.

down with national laboratories

Writing a Guest Column suggests that | am no longer
a member of the SRC household. This | accept as
only partially true because by participating in the
work of CERN-Meyrin | am participating in the work
of the SRC. There are obvious distinctions of course.
CERN-Meyrin is not a laboratory operating under the
Science Research Council in the sense of Atlas,
Daresbury or Greenwich, but nevertheless it receives
a sizeable proportion of its money and scientific man-
power via the SRC.

CERN-Meyrin is part of the physics programme of

RRS (now RSRS) main entrance in 1956.

the UK and, in a way, a very economical part in that,
thanks to the financial and scientific participation of
eleven other European countries, it gives British
scientists access to experimental facilities which they
could not otherwise have. In no way is anyone com-
ing to CERN-Meyrin lost to British science. | certainly
don’t feel that | have emigrated . . . and [ still have
a right-hand drive car and wear Marks and Spencer's
underwear like every true-born Englishman.

I have been careful to write ‘CERN-Meyrin’ be-
cause, from the beginning of October, there will



Guest Column continued

probably be a CERN-Doberdo or a CERN-Drenstein-
furt or wherever, to house the huge 300 GeV acceler-
ator, and there is a single exception to what | have
written above. When Dr. J. B. Adams accepted the
appointment as Director designate of the new
Laboratory, he was, as things stand, lost to British
science for, as SRC staff are well aware, the UK is
the only European country to announce its intention
not to participate in the 300 GeV project. J. B. Adams
has gone down the drain.

This brings me to the theme, which is not original
but is certainly topical, on which | am making some
strictly personal comments. These comments are rele-
vant to the particle physics laboratories, Rutherford
and Daresbury, but may interest other SRC labora-
tories — firstly because it is the rapid development of
other branches of physics (especially that concerned
with seeing stars for, at present, nowhere is the fizz
being put into physics quite so much) which is partly
responsible for present financial problems in particle
physics, and secondly because similar problems may
not be all that far off for the other laboratories.

In the context of the 300 GeV project the SRC has
been faced with some bitter decisions. For many
years, priorities have been laid down by the UK
particle physics community itself (as can be seen for
example, in the Wilkinson Report of 1965 and in
the statements of the UK delegation to the CERN
Council) and top of the list has always been the
300 GeV project. The SRC continues to hold these
priorities, despite the government decision, and in
the light of foreseeable resources faces the painful
prospect of reducing expenditure in the national
laboratories. In particular, the possibility of running
down Nimrod at Rutherford over the next five years
has already besn announced.

| feel sure that the priorities and the consequent
decision are right, but | am not, from a temporarily
safe position in Geneva, throwing my friends to the
dogs. The important word in the provocative title of
this column is the word ‘national’. 1 believe that in
a few years time there should be no such thing as
a ’national’ laboratory in particle physics. In the
wake of the abolition of ‘national’ laboratories could
come new life, though in some cases different life,
to research centres — not only in the UK. My belief
comes both from idealism (it is difficult not to be
infected with the European ideal when living in the
midst of what has been so magnificently accomp-
lished in this direction at CERN) and from looking
for a practical way out of the problems confronting
laboratories such as Rutherford.

At the CERN Council meeting in December 1967,
Sir Brian (then Professor) Flowers encouraged other
countries to consider how all particle physics facil-
ities could be organized on a European basis to

secure the fullest use of experimental equipment in
Europe. He said that the UK was ready to discuss
how to open its national laboratories to full European
participation. In the corridors afterwards it was
obvious that the enormous practical difficulties in-
volved drowned the general agreement that this was
the ideal thing to do.

Since then things have changed considerably as
the impact of the start of the 300 GeV project has
become clearer. | know from my frequent contacts
with all the big European laboratories that the idea
of full integration in a European scheme is now much
more readily talked about. It was significant that in
the ‘letter of intent’ in which the government of the
Federal Republic of Germany declared itself for the
300 GeV in September 1968, there is the statement
‘The cooperation of high energy physicists in Europe,
being exemplary, permits national and European
accelerator projects to be considered today as a
single comprehensive programme’.

| have no space to list the difficulties {and | don't
want to take the edge off my case) but let me
speculate on what the situation could be ten years
from now. We could have the 300 GeV just starting
physics in the No. 1 European Laboratory. Around it
could be perhaps four major centres providing com-
plementary facilities — say CERN-Meyrin for high
energy proton-proton colliding beams in the ISR and
25 GeV protons from the PS, Daresbury with a
15—20 GeV electron machine, DESY with high energy
electron-electron colliding beams . . . let's leave the
fourth open so that any existing laboratory can
write its own name in. Other laboratories, and per-
haps Rutherford would come into this category, could
be ‘staging posts’ for the major machines and could
specialise on some relevant technologies. (Super-
conductivity, for example, has already a good start at
Rutherford.) The important thing is that each
machine would be equally accessible for experiments
to any European group. Each specialized centre
would be woarking for the total European programme.
Each centre would be financed on a European scale
and at the top would be a European committee.

Let me sum up the present position with two
quotations. The first is from the Wilkinson report
where, having recommended a 17% growth rate in
expenditure on particle physics, the Committee con-
sidered in horror what could be done with only 10%
or even 5% saying that they reserved the right while
preparing their own gallows to protest at being
hanged. The second is ‘to be about to be hanged
concentrates the mind wonderfully’. Given the fore-
seeable growth-rate in the UK of only 4% we can
assume that our administrative friends have wonder-
fully concentrated minds to help them overcome the
problems of achieving full integration of the European
particle physics programme.



council commentary

The May Council meeting formed part of a two-day
visit to the Abingdon area, where members stayed at
the Cosener’s house and visited the Atlas and Ruther-
ford Laboratories and the Astrophysics Unit at the
Culham Laboratory. They met many of the staff, and
a selection of the work was presented and discussed.
Members expressed appreciation of the work, and of
the arrangements made by the three Laboratories for
the visit. Among the specific items approved at the
May meeting were a supplementary grant of £400,000
to Professor H. H. Rosenbrock (UMIST) for re-
searches into the design of multivariate control
systems for industry, and up to £66,000 for en-
largement of the core store of the computer at the
Institute of Theoretical Astronomy, Cambridge.

At the June meeting the nuclear physics appoint-
ments that were announced at the time, involving Dr.
Pickavance, Dr. Stafford, Professor Ashmore and
Dr. Voss, were approved. The Council approved
changes in the superannuation arrangements to en-
able the 35 locally-engaged staff in South Africa to
join a new contributive scheme and asked the office
to continue their efforts to improve the terms for the
five members of staff with more than ten years ser-
vice, Other matters included discussion of the draft
of the annual report for 1968/9, and approval of a
supplementary grant of £145,000 for the modifica-
tions and repairs to the Mk. | radio telescope at Jod-
drell Bank, and of a maintenance grant of £129,000
for the Oxford electrostatic generators.

A reorganisation, with an Engineering Board and
a Science Board in place of the single UST Board,
and with the Council directly undertaking rather
more of the general policy-making than hitherto, had
been under discussion with members of the Council
and senior staff for some time. Specific proposals,
still not in full detail, were put to the Council at the
July meeting, and accepted, and it was decided to
put them into effect on 1st October. The terms of
reference and the membership of the new Boards
were agreed, as were the broad outlines of the cor-
responding changes in the London Office.

Another item in July was the UST Board’'s final
report for the session: now therefore the Board's last
report. One point that emerged clearly was that the

policy of selectivity of support is continuing to
develop in the Commitees, (all of which will con-
tinue in being in the new organisation}. The Council
approved nine large grants recommended by the
Board, the largest being a grant of up to £200,000
to Drs. Lilley and Dunnill (UCL) for the setting up
of an enzyme technology unit. A visual input-output
system for attachment to the computer at the Atlas
Laboratory was also approved.

The Council noted the satisfactory start made by
the Physico-Chemical Measurements Unit. This unit
is operated by the UKAEA by arrangement with the
SRC, and university workers can have samples exam-
ined by methods using the various mass spectro-
meters, NMR and infra-red spectrometers etc. with
which the unit is equipped. Other Research Councils
are also showing interest.

The Council considered a report from the ASR
Board on the UK-4 satellite. A serious feature was an
increase in the estimated cost, and the Board recom-
mended that the project should only be allowed to
go forward with a limit of £1.05 million on the total
payments to the Ministry of Technology, which is
lower than the new estimate, and subject to a scien-
tifically worth-while programme being possible under
this condition. After discussion, the Council agreed
that the project could go forward on this basis. The
Council also took note of the SPGC’s plans for the
necessary restriction of the number of space research
groups that can be supported, in view of the gener-
ally reduced flight opportunities in rockets and satel-
lites.

Domestic matters dealt with in July included the
granting of increased delegated powers of approval
of expenditure, to the Astronomers Royal and to the
Directors of the Atlas Laboratory and the Radio and
Space Research Station. The Council also noted the
progress made on the possibility of an industrial
productivity agreement, and the setting up of a pilot
study, which, it is believed, will be the first practical
study of such a scheme in a purely research organisa-
tion.

Finally the Council said goodbye with regret to the
three retiring members: Lord Halsbury, Sir Ewart
Jones and Dr. Mather.



senior appointments in nuclear physics

Dr.T.G. Pickavance, CBE,
appointed Director of
Nuclear Physics with
responsibilities for all the
Council’s nuclear physics
interests, including the
Rutherford and Dares-
bury Laboratories.

Dr. Pickavance, who lives in Oxford, is married with
three children. He read Physics at Liverpool Univer-
sity and later did post-graduate work there under Sir
James Chadwick. From 1932 to 1946 he worked in
Liverpool on nuclear problems as a member of the
atomic energy project (‘Directorate of Tube Alloys’
from 1941), and in 1943 became a lecturer in
physics. He joined the AERE, Harwell, in 1946 as a
leader of the Cyclotron Group, and was appointed
Deputy Head of the General Physics Division in
1955. In 1957 he was appointed Director of the
Rutherford High Energy Laboratory. In 1968 he was
made a Fellow of St. Cross College, Oxford, by

special election.
*

Dr. G. H. Stafford,
appointed Director of the
Rutherford Laboratory
{(where he had been
Deputy Director since
1966) to suceed Dr.
Pickavance.

Dr. Stafford lives in Abingdon and is married with
three children. He graduated in Physics at the
University of Cape Town in 1939 and obtained his
PhD at Cambridge in 1950. From 1951-1954 he was
Head of the Bio-physics Sub-Division at the Council
for Scientific and Industrial Research, Pretoria. From
1954-1957 he worked in the Cyclotron Group of the
AERE, Harwell and became Deputy Head of the
Group in 1957. He subsequently transferred to the
Rutherford Laboratory as Head of the PLA Group.
Dr. Stafford has published over 40 papers and re-
ports, mostly in nuclear and high energy physics.

Professor Alick Ashmore,
appointed Director of the
Daresbury Nuclear
Physics Laboratory to
succeed Professor
Merrison.

Professor Ashmore, who will take up the appointment
in mid 1970, is married with five children. He gradu-
ated in Physics in 1941 from Kings College, London,
obtaining his PhD at Liverpool in 1958 and Fellow-
ship of the Institute of Physics in the following year.
From 1947-1959 he was Lecturer and Senior Lec-
turer in Physics at the University of Liverpool and
from 1960-1864 was Reader in Experimental Physics
at Queen Mary College, University of London. He
was appointed Professor of Nuclear Physics at the
same College in 1964 and has been Head of the
Physics Department there since 1968.

Dr. R. G. P. Voss is acting Director of DNPL until
Professor Ashmore takes up his appointment. Dr.
Voss, MA, DPhil, B.Sc Eng, (Natal and Oxford) is
head of the Experimental Physics Group at Daresbury
Laboratory. A member of the Institute of Physics and
of the Physical Society, his main interests lie in
High Energy Physics and the equipment used and in
Accelerator construction.



recognition for research

Original research work of a very high standard has
earned special promotions for three scientists and an
engineer from SRC. The promotions were among
twenty-six recommended by a special panel which
reviews each year the work of scientists conducting
research work of high calibre in Government and
other public service establishments.

These promaotions — to grades which are compar-
able to the rank of university professor or reader —
will allow the scientists to continue their research
work without necessarily having the administrative
responsibility normally associated with their new
grades.

Radcliffe Observatory

Dr. M. W. Feast
is promoted to SPSO.

Dr. A. D. Thackeray
is promoted to DCSO.

Dr. Thackeray has been the Radcliffe Observer at
Pretoria since 1950 and has directed the work of the
Observatory from that time onwards. Under his
direction the Observatory completed the survey of
the velocity of southern B stars in such a way as to
strengthen greatly the constants of galactic rotation.
He has personally made a definitive study of the
spectra of certain peculiar stars, particularly Eta
Carinae, and has led important investigations on the
brighter stars in the Magellanic Clouds and has dis-
covered RR Lyrae stars in them. With Dr. Feast he
determined the mass of the Magellanic Clouds (1010
times the mass of the Sun) and made an original
determination of the distance from the Sun to the
centre of the galaxy.

Dr. Thackeray’s article on the work of the Observa-
tory appeared in Quest, April 1969 issue.

Dr. Feast has recently made special studies of late
type variable stars, and of their kinematics, and
has worked extensively on the Magallanic Clouds,
making in particular a study of both planetary and
diffuse nebulae in these systems. He has worked
recently on the abundance of Lithium and its isotopes
in stars.

Rutherford Laboratory

Mr. J. A. Fox
is promoted to Suptg.
Grade Engineer

Dr. Kabir's main interest in high-energy physics is
in the field of weak interactions. During the last few
years he has studied problems arising from the dis-
covery of K°,—27 decays. He has published a book
on the subject — ‘The CP Puzzle’ (Academic Press,
London 1968) — and the comparison of K+=—n+x°y
decays, analysed by him in collaboration with G.
Costa (in Phys. Rev. Letters 18, 429 (1967)), is
being carried out by a Rutherford Laboratory team
at CERN. His current work is on high-energy electron
scattering; he has suggested a method of determining
electromagnetic form-factors of nucleons using polar-
ised targets, and also hopes to find tests of the high
energy behaviour of weak interactions through this
method.

Mr. Fox is the first professional engineer to have
received a special promotion. He is studying the
dynamic behaviour of European electrical power
systems, in conjunction with the appropriate national
agencies, to determine the acceptability of a static
power supply for the proposed European 300 GeV
proton accelerator. This static power supply would
use a reactive compensator to eliminate the large
motor-flywheel-alterator systems used at present to
power proton synchrotron magnets. Similarly, he is
engaged in computer studies of possible applications
of this power supply system to existing accelerators,
and is collaborating with the CEGB in computer
studies of the behaviour of steam-turbine governors
and time series analysis of CEGB operational tests.

Dr. P. K. Kabir
is promoted to SPSO.



metamorphosis of ust

Changes in the structure of one of the Council’s
Boards and its supporting Division at London Office
will give a number of people fresh work in different
offices.

With the setting up of two new Boards, one for
Science and a second for Engineering on October 1
to replace the one UST Board, the supporting Divi-
sion is split into four parts ‘Science’, ‘Engineering’,
a ‘Service Unit for grants and awards’ to provide
services for all four Boards now existing, and
‘Science and Industry Unit’.

Mr. C. Jolliffe formerly Director of UST Division
will take over the Science Division and Dr. A. W.
Lines, formerly second in command as ‘Head of Divi-
sion’, is appointed Director of the Engineering Divi-
sion. The Science Board, with Professor Kornberg as
Chairman, will be responsible for the support of
research and post graduate training in biology,
chemistry, enzyme chemistry and technology, mathe-
matics and physics (other than nuclear physics,
astronomy, space and radio research). It will also be
responsible for Atlas Laboratory and for the arrange-
ments for university use of neutron beam facilities
and of the services of the Physico-Chemical Measure-
ments Unit. The Engineering Board will be res-
ponsible for the support of research and post gradu-
ate training in aeronautical and civil engineering,
mechanical and production engineering, control en-
gineering, metallurgy and materials, computing
science and polymer science.

Policy co-ordination will be the responsibility of
Dr. W. L. Francis, Secretary to the Council, assisted
by a Standing Policy Co-ordination Committee drawn
from all Divisions of London Office. He will have
additional staff to do this and also reporting to him
will be the Service Unit under Mr. J. F. Hayes and
the Science and Industry Unit headed by Dr. W. G.
Potter.

Chairman of the Science Board (see picture on left)

Professor Hans Leo Kornberg, FRS, became a mem-
ber of the Council in 1967, after previous service
on the Biology Committee. A graduate of the Univer-
sity of Sheffield, he spent two years (1953-1955) in
the USA as a Commonwealth Fund Fellow. From
1955, he was a member of the scientific staff of the
MRC Cell Metabolism Research Unit, and from 1958
also a Lecturer of Worcester College, at the Univer-
sity of Oxford.

In 1960, Hans Kornberg was appointed to the
first Chair of Biochemistry at the University of
Leicester and was largely responsible for setting up
the School of Biology there. He is known mainly for

his work on the nature and regulation of biochemical
events in micro-organisms, which was recognised by
the award of the first Colworth Medal of the Bio-
chemical Society, and election to the Royal Society
in 1965, and by his appointment as CIBA Lecturer
for 1968 at Rutgers, NJ. He is a frequent speaker
at international scientific meetings, has been a Re-
search Associate at the University of California and
at Harvard Medical School; Visiting Instructor at the
Marine Biological Laboratory, Woods Hole (1964—
1966); and Visiting Professor at Universities in the
USA, Europe, Israel and Asia.

Professor Kornberg, who is 41 years old, is married
with four children. He lists his recreations as ‘cook-
ing and conversation’.

{above right)

Chairman of the Engineering Board

Professor Hugh Ford, FRS, DSc(Eng), FlinstCE,
FiIMechE, FIM, FCGI became a Member of the
Council in 1968. From 1951 to 1959 he was Pro-
fessor of Applied Mechanics at the University of
London Imperial College of Science and Technology
and in 1965 was appointed Head of the Department
of Mechanical Engineering at the College. He became
Professor of Mechanical Engineering earlier this year.
In 1963 he was President of the Institute of Metals
and he is a Member of the Council of Mechanical
Engineers and Technical Director of the Davy-Ash-
more Group.

Professor Ford received the Thomas Hawkesly
gold medal, the premier award of the Institution of
Mechanical Engineers, in 1948 for researches into
the rolling of metals and the Robertson medal of the
Institute of Metals. His publications include ‘Ad-
vanced Mechanics of Metals’ (1963), papers to the
Royal Society and various institutions and articles
in both British and foreign journals.

Professor Ford is married with two children and
his chief recreations are gardening and music.



sports day

photo R. Butler RSRS

Players and spectators with a predilection for the
macabre will recali the inclement conditions for
SRC’s inaugural Sports Day in 1968 (see Quest,
October 1968). In contrast, the phatographs this year
testify to the vagaries of an English summer. This
time it was a great pleasure for everyone to bask
in sunshine while enjoying some very entertaining
competitions.

The setting was again the Civil Service Sports
Ground of thirty acres by the Thames at Chiswick
where a well designed new pavilion had been opened
earlier in the year to provide plenty of changing
rooms and hat and cold showers. Salad lunches and
other refreshments were provided unceasingly by the
cafeteria, and the bar dispensed cool drinks (hard
and soft) all afternoon, except of course during the
dry season from 2.30 to 4.30 p.m,

The SRC Sports Association organised an inter-
esting programme. The number of events was
doubled: as well as tennis and cricket, we had six-a-
side soccer and bowls and more than 160 competi-
tors took part. A morning start ensured time to com-
plete all events.

bowls

The Bowls tournament turned out to be one of the
best organised and most exciting events of the day.
The games were all played on flat greens, but this
did not deter some of our loca! crown green ex-
ponents from trying their hand, and all of them did
very well. The organisers are hoping that support for
this event will be even greater next year and include
some of SRC's crown green experts from the north.

The tournament was won by Mr. Ferguson and
Mr. Grindrod of RL, who beat their own colleagues
from Rutherford, Mr. White and Mr. Sangster, by one
shot, the last possible shot of the match!

cricket

Cricket has always had good support in SRC and the
matches drew many spectators. Their interest was
well rewarded since the high standard of play made
for some absorbing cricket. The tournament was run
on a knock out basis and the matches allowed an
innings of fifteen overs to each side. The two teams
left in at the end of the day were from Rutherford
and Daresbury laboratories. In a very exciting final
Rutherford, batting first, scored 107 runs for the
loss of 4 wickets. Despite fast and keen batting
Daresbury fell short of this, scoring 91 for 7 wickets,
and Rutherford became SRC cricket champions for
the second successive year.

tennis

Despite that ‘other tournament’ on the same day at
the AIll England Tennis Club, Chiswick attracted
seventeen mixed doubles and seven men’s doubles
pairs who fought hard in the heat and the clouds of
red dust they raised from the courts. The games
were enjoyed very much by those playing and others
watching from deck chairs on the lawn.

With the limited number of courts available this
year, both competitions had to be played off without
many rests for the players and they deserve credit
for maintaining their standards through till 7 p.m.}

Last year’'s winners of the mixed doubles were not
present to defend their title, but Dr. and Mrs. Horner
were in good form beating Mr. Powell and Miss
Northcott of RGO to retain the cup at RSRS. Dr.
Wilkins, although minus the partner who helped him
to victory in 1968, formed another unbeatable com-
bination with Dr. Thomas and carried the men's
doubles trophy back to RGO.

{picture opposite top left)
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soccer

This late addition to the programme turned out to
be a well supported and successful event. Although
the teams were limited to six-a-side, each seemed to
have twice that number of vociferous supporters. We
don’t know whether their cheers and all that advice
— from the professional to the merely ribald — was
an indispensable contribution to the results. Ob-
viously they thought so!

The tournament was won by a very well drilled
team from Daresbury who met Rutherford’s B team
in the final play off, beating them by 12 goals to nil.

{picture above (r) shows the DL team with the cup)

Mr. Ferguson and Mr. Grind-
rod, RL, receiving the Bowls
trophy from Lady Flowers.
Facing the camera (l. to r.)
are Adrian McLoughlin (Sec-
retary) and Ray Edmonds
{Chairman) of SRC Sports
Association.

More pictures in ‘newsfront’

photo D. Calvert
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Lady Flowers was present for much of the after-
noon and evening. We were very grateful to her for
presenting the trophies and hoped she enjoyed the
day. May we also take this opportunity to thank all
those anonymous organisers, without whose con-
siderable help we would not have been able to stage
such a successful Sports Day.

Sports Day is an excellent opportunity to meet
people from other parts of SRC and we hope that
many more will come next year. The variety of sports
will be extended again; we have particularly been
asked to include netball not only for its sporting
value but, someone suggested, as a draw for more
libidinous male spectators! After that, all there is
left to say is that we look forward to seeing you
in 1970.




Professor C. F. Powell

Physicists in many countries will have heard with
regret of the death of Professor Powell on August
10 from a heart attack during a holiday in ltaly.

Professor Powell was Chairman of the SRC
Nuclear Physics Board from 1965 to 1968 towards
the end of a distinguished career which started at
Cambridge University in 1924 when he read Natural
Sciences and spent two years on research at the
Cavendish Laboratory in the great days of Ruther-
ford. In 1928 he joined the H. H. Wills Physics
Laboratory at the University of Bristol where he was
to remain for the rest of his career, becoming Profes-
sor of Physics in 1948 and Director of the Laboratory
in 1964. He retired from the University in the
summer of 1969.

A Fellow of the Royal Society since 1949, Profes-
sor Powell was among those who helped to promote
the idea of CERN in the 1950s and remained closely
associated with the Laboratory. From 1961-3 he was
Chairman of the CERN Scientific Policy Commitee
and continued as a member until the end of his life.

from CERN Courier, August 1969
His career reached a peak in the 1940s when his
work with nuclear emulsions investigating cosmic
rays resuited in the discovery of the pion in 1947.
This confirmed the Yukawa theory of the strong
nuclear force, opened the door to research with pions
(which are now, some twenty years later, such
‘everyday’ particles at accelerator Laboratories) and
exposed the mystery of the muon. Around this major
achievement was a mass of work on cosmic rays,
atomic nuclei, particle scattering which won a world-
wide reputation for his Bristol group.

In addition to the Nobe! Prize, awarded in 1950
‘for his development of the photographic method in
the study of nuclear processes and for his dis-
coveries concerning mesons’, he received the Hughes
Medal of the Royal Society in 1949, the Royal Medal
of the Royal Society in 1962, the Lomonosov gold
medal in 1967 ({the highest award of the Soviet
Academy of Sciences), and honorary doctorates at
the Universities of Dublin, Bordeaux, Warsaw, Berlin
and Padua.

A personal note by Dr. T. G. Pickavance
{ became a colleague of Cecil Powell in 1839 when
he brought his nuciear emulsions to the Liverpool
cyclotron, at the request of Sir James Chadwick, to
combine this elegant technique, which he had devel-
oped, with what was for those days a powerful
accelerator. This collaboration between the Bristol
and Liverpool groups was both fruitful scientifically
and most enjoyable personally, and developed into a
lasting association. Throughout the following years,
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with the rapid growth of nuclear physics and its social
implications, Cecil Powell was of course an outstand-
ing colleague who attained great distinction. He was
a convinced and eloquent advocate of the relevance
of scientific research to human progress and was a
gifted teacher, and his concern for the wider implica-
tions of science, outside the laboratory, was ex-
pressed for example in the leading part he played in
the Pugwash international meetings. But to all of us
who knew him well he was above all a warm and
generous friend.

Lord Bridges

Lord Bridges, KG, PC, GCB, GCVO, MC, FRS, died
on 27th August 1969 at the age of 77. One of the
many public duties which he undertook, after his
retirement from the Civil Service in 1956, was to
be Chairman of the National Institute for Research in
Nuclear Science. The Rutherford and Daresbury
nuclear physics laboratories were founded and oper-
ated by the Institute until they were embodied in the
Science Research Council on its foundation in April
1965.

Lord Bridges, one of the most eminent public
servants of his time, had a profound influence on the
successful establishment and operation of these
laboratories as an integral part of British universities’
resources for research.

M. H. Jeffery

It is with great regret that we announce the sudden
death of Mike Jeffery, Manager of the Anglo-Austral-
ian Telescope Project since March 1968. As leader
of this great enterprise he had become known to
many people in SRC, in the UK, in Australia and in
North America. In a job requiring both the ability to
handle complex technical matters and maintain good
relations with those with whom he came into con-
tact, Mike was an outstanding success; his technical
competence and pleasant personality will be greatly
missed by all those who knew him. Mike Jeffery
joined the AAT Project from the consulting engineer-
ing firm of Freeman, Fox and Partners. Whilst in
their service he had played a prominent part in the
construction and commissioning of the 210’ radio
telescope at Parkes, New South Wales, and the 150’
radio telescope in Ontario; experience of these two
projects served him in good stead as Manager of the
AAT team. His untimely death at the age of 43 is a
cause of great sorrow to all his friends and acquain-
tances and our condolences go out to Mrs. Jeffery
and her family who had recently moved from this
country to Australia.



Apollo 11's moon quest

1

the launch

J. F. Hosie

Official SRC duties brought me an invitation to attend
this historic and unforgettable occasion. When,
before the event, | was cajoled into writing a piece
for Quest, | overlooked how extensive would be the
TV coverage. To avoid wearisome repetition I'll pick
out one or two special features.

First, at a pre-launch dinner, the USA President’s
Scientific Adviser emphasised the international
aspects of all NASA programmes and gave two
instances of foreign research which had made the
Apollo Missions possible. Some may say it is now
somewhat old-hat but it was gratifying, before foreign
potentates, that one of the two examples was the
Bacon fuel cell from the UK.

Next, for the launch at 9.30 a.m., NASA, for all
its incredible precision in the space mission, found it
necessary to rouse their invited guests at 4 a.m. They
could not guarantee timely arrival through terrestrial
traffic over 12 miles even with full police escort.

At the scene three memories stand out. First, at
lift off, to spectators three and a half miles away in
the shadow of the fantastic Vehicle Assembly Build-
ing (625 ft. high compared with the GPO tower of
580 ft.), the silent burst of flame started an utterly
majestic rise of the 364 ft. rocket.

There followed from the assembled tens of thous-
ands of Americans a spontaneous thunder of cheers.
Their relief, pride, sense of accomplishment and
much else impressed even a dour Scot.

Next the noise of the blast off reached us. it shook
45 ton door segments of the VAB as if they had been
tin foil. Saturn was indeed large and violent.

Almost before one had grasped that the initial
steps had been taken successfully the first stage
separated, the flame dwindled from a cigarette smoke
ring to extinction leaving a dense local cloud. The
bald headed eagles resumed their effortless circling.

USIS photo



tracking
east and west

R. N. Stanbury

Jodrell Bank, Tuesday, July 22, 6.30 p.m. | am wait-
ing in my office for the arrival of five Russian scien-
tists and their Interpreter. The top of my desk is
inches deep in the debris of the past ten days —
notes, statements, data, diagrams. The ‘phone is sur-
prisingly silent. | ring the Mark | Controller. ‘No,
there have been no calls in the last hour.” So it
really is over!

July 13. That unforgettable Sunday afternoon (un-
lucky thirteenth!), lazy, sultry, with a threat of things
to come. Luna 15 has been launched. Are the Rus-
sians attempting to recover samples of lunar rock,
only hours before the Americans? | join the BBC
Television team at Professor Lovell’s house, The
Quinta. Tea on the terrace and a Soviet spaceship
on its way to the Moon!

After that, only a flood of impressions projected
onto the screen of memory.

Sir Bernard seated on a rustic bench in the clois-
tral calm of The Quinta’s lawn, interviewed by Tom
Heaney against a back-drop of fragrant shrub-roses
and cascading philadelphus virginal. The illusion of
calm is short-lived. Back home, the ‘phone starts
ringing: it is 11 p.m. before it stops. Australia,
America, Canada . . . ‘"What does Professor Lovell
think the Russians are intending to do? Will this steal
the limelight from Apollo 11?’ Etc. etc.

Next morning the Press arrive — a trickle at first,
then a flood. You round a corner and they materialize

Edwin Aldrin at Tranquillity
Base on the Moon. Beside
him is the deployed pas-
sive seismic experiments
package. Beyond is the
Laser ranging retro reflector
and, at the back (I to r) the
TV camera, US flag and
Lunar Module.

USIS photo

in your path as if Hydra's teeth had been sown over-
night. Luna 15 has been picked up by Jodrell Bank:
its trajectory is very different from all previous
Luniks. Much speculation. The Press redoubles its
questions; the telephone rings incessantly; time
ceases to have any meaning.

The Moon is new, a few degrees only from the

Sun. The apparatus at the focus of the 50 foot Finder
telescope overheats, tracking temporarily ceases. The
Press are on to it — more questions.
July 16. Suddenly it is Wednesday and Apolio 11
is launched, the start of an epic voyage. A snatched
moment to watch the Lift-off on the Conference Room
television. A curious sense of anti-climax: you
expected it to go smoothly. Luna 15 remains a puzzle.
Jodrell Bank has calculated it will reach the vicinity
of the Moon between 10.30 and 12 noon tomorrow.
More speculation. The Russians, like Br'er Rabbit, say
nothing.

July 17. Pick up transmissions from Luna 15 at 8.31
a.m., just after moonrise. Now one scene predomin-
ates: Lab. 5, the banks of instruments, the rhythmic
click of electronic counters. Professor Lovell, eyes
fastened on the dials and meters alert for any
changes; Professor J. G. Davies, brows knit, making
menta!l calculations of frightening complexity; Bob
Pritchard, twiddling one knob, adjusting another,
eyes darting here, there, everywhere.

Signals from Luna 15 showing the familar doppler
shift as it accelerates near the Moon. 10.49 — signals
suddenly stop — Lunar 15 is behind the Moon! A
flurry of press and radio men as Professor Lovell
announces this. 11.10 — Luna 15 re-appears, in orbit
and transmitting a torrent of telemetry. Further state-




ment to the Press. Now the telephone swamps all
other thoughts: inquiries from every corner of the
world — even Apollo Contro!l at Houston wanting
details of the orbit.

July 18-19. The tension and the excitement increase
as Luna 15 continues to orbit and Apollo 11 ap-
proaches the Moon. So do the telephone calls. For
the first time Jodrell Bank is tracking an American
and a Russian Moon rocket simultaneously: Mark I,
Luna 15; 50 foot Alt/Az, Apollo 11. Columbia Broad-
casting System arrive and set up TV cameras.
July 20 — Sunday. The pace quickens. Professor
Lovell seated under the huge, fioodlit dish of the
Mark | giving interview after interview — CBS, BBC,
ITN. Fears that he may get sandwiched between Lulu
and some other non-celestial star on the David Frost
Programme! A Vicar from Doncaster 'phones to
inquire the time of touch-down by the Apollo 11
Lunar Module on the Moon — afraid it may conflict
with Evensong. Begin to get ‘telephone elbow’ from
lifting the receiver! ‘Commander Stanbury? This is
the XYZ Broadcasting Corporation, New York (Los
Angeles, Sydney, Melbourne, Timbuctoo). You are
on the air . . ." In twenty minutes | make seven live
broadcasts over the telephone to the other side of
the world - four to America, three to Australia. (ls
this a record?) As Apollo 11 Lunar Module descends,
our instruments faithfully register the action taken by
Armstrong and Aldrin to avoid landing in a crater
‘the size of a football pitch’.

July 21 — Sunday night and Monday. Fantastic, un-
believable, like something out of Jules Verne! Not
just those first halting footsteps on the Moon, but
the calm, matter-of-fact voice of Neil Armstrong. My
eyes will scarcely stay open, but | wouldn’t miss it
for the world. Excitement is high all day, reaches
fever pitch by 4.30 p.m., with the Lunar Module
due to lift off at 6.50 and Luna 15 still orbiting — but
now the orbit has been changed and it will pass
right over the Sea of Tranquility only 10 minutes
ahead of the CSM. Then suddenly, dramatically, after
50 orbits, the doppler shift indicates Lunar 15 is
landing in the Sea of Crises. Its rate of descent is
300 mph when the signals cease. A three-hour, non-
stop bombardment on the telephone: Where? When?
Why? What now?

July 22. The Russians have announced that Luna 15
has completed its mission; Apollo 11 is on its way
back to Earth. A triumph and an enigma. The final
Press Conference is held at 3 p.m. The Control
Building grows strangely silent.

Postscript As always, the visiting Russian Scientists
are charming, inquiring, appreciative. Before they
leave | cannot resist saying: ‘We should be very inter-
ested to know whether Luna 15 was intended to bring
back samples of lunar rock.” The interpreter trans-
lates; they all laugh — “So would wel.’
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no small part
for SRC

W. D. B. Greening

. well, how do you import a piece of the Moon?
and how do you obtain it in the first place?

For over three years now the Astronomy Space and
Radio Division of SRC has been organising UK par-
ticipation in the Apollo mission, through a Working
Group of the Space Policy and Grants Committee,
whose Chairman is Professor S. K. Runcorn, FRS, of
the University of Newcastle upon Tyne.

This unique opportunity for UK scientists to ‘reach
for the moon’ was taken up in earnest in May 1966
when a telegram arrived from NASA extending the
deadline for the submission of proposals for analys-
ing lunar samples to June 15 — just thirty-five days
offl Although no British scientist had made any appli-
cation so far, it was known that interest was high and
the challenge was therefore taken up. In a remark-
ably short space of time the Working Group had met
and had considered in detail a set of proposals
which were then revised, co-ordinated, printed and
bound, and finally shipped to Washington one Satur-
day morning by air freight with just three days to
spare.

Altogether nineteen British universities and other
institutions submitted proposals for a wide range of
experiments which were combined into an eighty-
page booklet, together with an ‘operational flow-
sheet’ for the whole UK project. This formidable
document was sent to NASA on June 10, 1966 and
suspense mounted until almost a year later when
NASA announced the acceptance of a total of 135
proposals of which thirteen were of UK origin. Two
more have since been accepted and there are now
fifteen principal investigators from the UK. Thus, this
country, and SRC in particular, became part of the
Apollo programme.

The principal role of the SRC has been to co-ordin-
ate the British effort. We are the UK agency which
deals with NASA over scientific matters in Space
and, in collaboration with the Natural Environment
Research Council, we have undertaken the planning
of this work. Fortunately our existing machinery
could be used without change, so you will look in
vain for any specially created committees.

Most of the activity here during the intervening
two years was routine and attracted relatively little



public attention, but the scientists directly concerned
naturally showed increasing interest with the suc-
cessful completion of each stage of the Apollo pro-
gramme. Continuous contact with their colleagues on
the other side of the Atlantic and visits to the Lunar
Receiving Laboratory at Houston convinced them
of the realism behind the Apollo planning. Other
people, however, saw things in a different light and
in the beginning there was a certain incredulity sur-
rounding our activities. This continued until last
Christmas when Apollo 8 commanded by Colonel
Frank Borman made its wonderful flight round the
Moon. It then became clear to all that we were no
longer dealing with Science Fiction but with real
life, and that within a matter of months there would
be pieces of Moon rock in London.

There have been several published accounts of the
analyses which will be carried out in British labora-
tories and there is no need to repeat them here in
detail. They include most of the standard geological
studies which are applied to ordinary rocks and in
addition several major investigations into the physical
aspects. For instance, Harwell will irradiate a small
sample in one of its nuclear reactors, and other
laboratories will look at the chemical composition,
magnetic properties, crystal structure and so on, of
the various pieces which will be allocated to our
scientists.

A NASA representative attended the annual NATO
Advanced Study Institute at Newcastle during Easter
1967 at the invitation of Professor Runcorn, and a
Working Group meeting was held shortly afterwards
to which Principal Investigators were invited and at
which Mr. Verl R. Wilmarth explained the Apollo
programme and discussed the role of the UK investi-
gators in more detail. The following September NASA
held the first Conference of Principal Investigators
at Houston with four representatives attending from
the UK, and in April 1968 three attended a NASA
Conference at Baltimore convened for scientists con-
cerned with mineralogy and petrology.

At about this time, mainly due to a strong recom-
mendation from the Working Group, plans were
made for a joint ‘Lunar Symposium’ with the Royal
Astronomical Society at Burlington House, and a
highly successful meeting took place in November
last year, attended by a NASA official, scientists
from the Continent, as well as representatives from
all the participating UK laboratories. An account of
the meeting by lan Ridpath was published in the
New Scientist of 5th December, 1968, under the
title ‘Britain’s Part in Apollo’.

Public interest in the Apollo programme increased
enormously with the spectacular successes of Apolio
9 and 10 missions and the realisation that the
achievement of landing a man on the moon was at
last no longer a pipe-dream. With this realisation
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came a number of problems for the SRC, not least
the method of importation of an entirely novel
material — lunar samples — into the UK. Nobody knew
for certain whether there would be any danger to
man, animals or agriculture: would they carry deadly
micro-organisms? Visions of epidemics provoked by
alien life could not be dismissed as rubbish but had
to be taken very seriously indeed, even though it
was known that the probability was low. Fortunately
NASA had published its plans for quarantining the
astronauts and their samples, and these plans could
be referred to the various UK Ministries concerned.
But then there arose a new problem: who in each
Ministry should one approach? There was one mem-
orable day towards the end of last year when first
enquiries were made with the Board of Trade, HM
Customs & Excise, the Home Office, and the Minis-
tries of Health and Agriculture in an attempt to find
the right contacts. The results were hilarious. Try
and imagine what your own feelings would be if
quite unexpectedly someone telephoned you and
asked if your Ministry had any objection to importing
a piece of the Moon. Your first reaction would be to
ask vyourself whether the enquiry was serious or
whether there was a crank at the other end of the
line. Once the individual had recovered from his
surprise, however, we received the maximum of assis-
tance and were referred to the experts in each Min-
istry who examined the problem from their point of
view, and passed their advice to the Board of Trade
who in turn advised HM Customs. In this way official
clearance was obtained.

The main concern of the SRC has been to secure
the maximum scientific return from the opportunities
offered by the Apollo programme. So far we have
been remarkably successful, thanks to the excellence
of the proposals made by our scientists and above
all to the generosity of the Americans — for without
the expenditure of American resources and the risk-
ing of American lives there would be no pieces of
the Moon in Britain this autumn. It is our hope that
the investigations, which will start shortly with the
samples just brought back in triumph by Armstrong,
Aldrin and Collins in Apollo 11, will continue with
future lunar missions and may even be extended to
new fields. The geologists would certainly like to
have samples from different areas of the Moon and
also cores from below the lunar surface.

All this implies a continuing effort over the next
few years — and who can tell what the outcome will
be! Did the Earth and the Moon have a common
origin? Has the moon a magnetic field? Has there
ever been life on the Moon? What, in fact, is the
Moon made of? One day these and many other
questions will be answered, and our scientists will
have made their own unique contributions to these
investigations.



Moon Rock on the Moon as photographed by the Apollo
11 astronauts with a 35 mm stereo camera. Area covered
in each picture is about 75 millimetres square.

at upper left is a small lump of lunar surface powder
about 12 mm across, with a splash of a glassy material
over it. Scientists surmise that a drop of molten material
fell on it, splashed and froze.

at lower left is a lunar rock showing an embedded frag-
ment, about 19 mm across, of a different colour. On
the surface several small pits are seen, mostly less than
3 mm in size, and with a glazed surface.
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at upper right is a clump of lunar surface powder, with
small pieces of different colour. Many small, shiny
spherical particles are visible.

at lower right is a rock about 64 mm long embedded in
the powdery lunar surface material. The little pieces
closely around it suggest to scientists that it has suffered
some erosion. On the surface are several small pits
mostly less than 3 mm in size with a glazed surface. They
have a raised rim, characteristic of pits made by high-
velocity micrometeorite impacts.



fuels, energy
and insect flight

Flight is the most energetic activity which animals
perform. In insects the work of flight is done by the
large flight muscles of the thorax which may thus be
considered as the ‘engines’. These muscles are found
to have the greatest capacity for energy conversion
of any known animal tissue and are capable of pro-
ducing about twenty times as much power as the
equivalent weight of mammalian muscle.

The energy for muscular work is provided by
metabolism of fuels; that is by processes which
oxidize fuels derived from food and make available
the energy released for muscle contraction. It has
been found that the high capacity for power output
of insect flight muscle is matched by a high rate of
metabolism.

The oxidation of fuels with oxygen of the air is
the basic process by which both insect flight muscles
and the internal combustion engines of aircraft derive
energy for flight, although the detailed mechanisms
for achieving this are considerably different in the
two types of engine.

Figure 1 summarizes the processes in flight muscle
whereby energy is released by fuel oxidation and
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Locust

This ‘Grant’ article is by Dr. D, J. Candy of the Univer-
sity of Birmingham who holds an SRC grant worth
£4,256 (over 5 years) for research into control of fuel
utilisation during insect flight.

used for work. Two main processes can be distin-
guished. The first step (a) is the oxidation of fuel to
carbon dioxide and water. This process has the same
overall result as burning the fuel, but there is the im-
portant difference that in simply burning the fuel
all the energy would be released as heat, whereas
in the metabolic oxidation of the fuel some of the
energy is colliected as chemical energy in the form
of ATP (adenosine triphosphate). In the second pro-
cess (b} the chemical energy of ATP is used to
perform work in the muscle by a reaction in which
ATP breakdown releases energy for muscle contrac-
tion.

fuels for flight

The fuels required for flight muscle activity are ulti-
mately derived from the food. Food is digested by
the insect’s gut and the products are absorbed into
the body. Some of the products may be used for
growth and maintenance processes in the body, but
any surplus is transported in the blood to an organ



known as the fat body where it is stored and is some-
times chemicaly modified. These stored food pro-
ducts represent the main source of fuel for flight.
During flight the stored fuels in the fat body are
gradually released into the blood where they are
transported to their site of utilization, the flight
muscles. In addition to the fuels stored in the fat
body, smaller quantities may be stored in the flight
muscles themselves.

A number of different chemicals may be used as
fuels by insect flight muscles. These include carbo-
hydrates, fats and, to a smaller extent, amino acids
(from protein). The type of fuel used by the flight
muscle varies with different species of insects, al-
though some insects (including the locust) use all
of these fuels.

The carbohydrates are supplied to the muscles in
the form of the sugars glucose and trehalose. These
sugars have the advantage that they are soluble in
water and can diffuse rapidly into the muscle tissue
when required. It has been found that many of those
insects such as houseflies which carry out frequent
and fairly short bursts of flight use carbohydrates as
fuel, and this fact may be related to the rapid avail-
ability of these fuels to the muscles.

The fats, on the other hand, are not water-soluble
and may thus be less rapidly available to the muscle
tissue than sugars. However, fats have the advantage
that they are more ‘compact’ than carbohydrates in
the sense that much more potential energy can be
stored per gram of fat than per gram of carbohydrate.
This feature has particular advantages for those in-
sects which undergo extended migratory flights of
several hours. It is interesting to find that such insects

Figure 1 (below) Biochemical relationship between fuel
oxidation and work in muscle.

Figure 2 (on right] Scheme to show the role of proline
in supplying oxaloacetate catalyst for the Krebs cycle.

Fuel
+
Oxygen

‘Metabolism': many stages
of enzymic reactions

muscle
work

contraction

Carbon dioxide
+
water
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(for example locusts, aphids and monarch butter-
flies) use fat as their main fuel for extended flights.
Indeed, it can be calculated that it would be virtually
impossible for such insects to store sufficient fuel
in the form of carbohydrate to last for more than
one or two hours flight.

Another group of insects which use fat as the main
fuel are the butterflies and moths where in some
species the adult stage cannot feed. Here all of the
fuel used for flight must be derived from food eaten
by the insect during its earlier larval stage — with
no possibility of any replacements! In these insects
economy of fuel storage is essential and fat is again
found to be the main fuel used for flight.

Amino acids can also be used as fuels for flight,
but in most insects amino acids are quantitatively
less important as fuels than carbohydrate or fat.
However, it seems likely that the amino acid pro-
line, and perhaps some other amino acids may
have an important role to play in supplying a
catalyst (or activating agent) for the oxidation
of carbohydrates and fats. Carbohydrates and
fats are converted by separate series of enzymic
reactions to give coenzyme-bound acetate (Figure 2).
Further oxidation of acetate to carbon dioxide and
water occurs by the Krebs cycle, the first step of
which is a combination of the acetate with oxaloace-
tate to give citrate. Subsequent reactions of the
Krebs cycle in effect result in oxidation of the acetate
part of the citrate to carbon dioxide in such a way
that the energy released can be used to form ATP
from ADP. The rest of the citrate molecule is eventu-
ally converted back to oxaloacetate so that for each
molecule of acetate oxidized one molecule of oxalo-

CARBOHYDRATES

\

ACETATE

{coenzyme bound )

FATS

other
reactions

. CITRATE

OXALOACETATE

S
o

PROLINE

carbon dioxide
+
water

oxygen

direction of main pathways

direction of other pathways



Insect Flight continued

acetate is used and one molecule of oxaloacetate is
regenerated. In other words oxaloacetate acts as a
catalyst for acetate oxidation. This system works
perfectly well provided there is no loss of oxalo-
acetate, but in the cell other reactions occur which
remove some oxaloacetate from the system. If this
loss were not replaced acetate could not be oxidized
and ATP synthesis would be reduced. The role of
proline in flight muscle seems to act as a source of
oxaloacetate, and thus to maintain the oxaloacetate
levels at a sufficiently high concentration to ensure
maximum oxidation of acetate.

Our main interest in Birmingham has centred
around the locust because it uses all of the possible
types of fuel (carbohydrates, fats and amino acids)
for flight. One particularly interesting feature of the
locust is that the proportions of the different fuels
used varies during the course of flight. During the
early stages when the locust first begins to fly carbo-
hydrate is an important fuel, but as flight continues
there is a gradual change in emphasis as fat forms a
higher and higher proportion of the fuel used. This
pattern of fuel utilization fits in well with the idea of
carbohydrate as a readily available fuel suitable for
the rapid initiation of flight, and fat as the main
economically stored fuel for long term fiight. One of
the questions we are attempting to answer is how the
insect controls this change in proportion of the type
of fuel utilized.

experimental study of locust flight

A number of different experimental approaches may
be used to study the biochemistry of locust flight. For
example, some experiments may be carried out using
the intact flying locust. Locusts can be induced to fly
in the laboratory by suspending them by a wire to
face a stream of warm air. Professor T. Weis-Fogh
has used such insects to measure oxygen uptake,
carbon dioxide output and overall changes in fuel
reserves during flight. He was able to show that the
proportions of carbohydrate and fat used as fuel
changed during the course of flight. We have carried
out experiments in which radioactive fuels were used
by flying locusts and the radioactive carbon dioxide
produced was measured. Such experiments have
confirmed the change in emphasis from carbohydrate
to fat during flight. Other experiments with flying
locusts have been carried out by Dr. A. M. Th.
Beenakkers who found that the concentrations of fat
in the blood increased by about four times during
flight. We have been able to confirm this observation
and have found that at the same time as fat increases
the carbohydrate concentration of the blood de-
creases.
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Such experiments using flying locusts yield con-
siderable information about the overall processes of
flight. However, a number of important questions
remain unanswered if this approach alone is used.
For example, the increases and decreases in fuel
concentrations of the blood during flight are a result
of two conflicting processes: the removal of fuel
from the blood by the flight muscle and the release
of fuels into the blood by the fat body. In order to
obtain more information about these processes it is
necessary to study the individual flight muscle and
fat body tissues in isolation.

Another aspect which it is not possible to study
using living insects is the actual chemical pathways
by which the fuels are oxidized in the flight muscile.
To answer such questions it is usually necessary to
experiment with tissues which have broken down
(homogenized) to give subcellular fractions capable
of catalysing the chemical reactions of fuel oxida-
tion. Finally, it is sometimes necessary to isolate and
purify the individual enzymes which induce changes
at single stages of the overall metabolic process. To
obtain a complete account of the biochemistry of
locust flight all of these different approaches at differ-
ent levels of organization are used.

Many of our experiments have been carried out
using isolated fat body or isolated flight muscle and
it is convenient to consider these two tissues separ-
ately.

the fat body

The locust fat body is a rather diffuse organ which
stretches throughout most of the thorax and ab-
domen. The main role of the fat body in flight is to
release stored fuels into the blood for transport to
the flight muscles. Since the rate of fuel oxidation by
flight muscle may increase by as much as one hun-
dred times in going from rest to full activity, the rate
of fuel release by the fat body must increase by a
similar factor to keep pace with the fuel demands of
flight.

Carbohydrate is stored in the fat body in the form
of glycogen (a large polymer consisting of numerous
glucose molecules joined together) but is released
into the blood in the form of the sugars glucose and
trehalose, of which trehalose is quantitatively the
most important. (Trehalose consists of two glucose
molecules joined together). Glucose and trehalose
are more useful transport forms of carbohydrate
than glycogen because they are much smaller and
more soluble than glycogen and can thus diffuse
rapidly into muscle tissue.

The initial step for carbohydrate release from fat
body into the blood must be the conversion of stored



glycogen into sugars. This process seems to be a
target for the control of carbohydrate release since
two different mechanisms have been found in insects
for control of the conversion of glycogen into tre-
halose.

In at least one insect species high concentrations
of trehalose have been found to slow down (inhibit)
the trehalose-synthesizing process. This effect may
operate to control trehalose release during flight; at
rest the flight muscles use littie trehalose so that
trehalose formed by the fat body accumulates in
the blood until the concentration becomes high
enough to inhibit trehalose synthesis. This situation
represents the stable state in the resting animal with
only small quantities of trehalose being utilized or
formed. When the insect starts to fly trehalose is
rapidly removed from the blood by the flight muscles,
so the concentration of trehalose falls and inhibition
of trehalose synthesis from glycogen in the fat body
no longer occurs. The overall result is that trehalose
release is able to take place at a more rapid rate
during flight than at rest, and this increased rate is
useful in maintaining the supply of carbohydrate to
the muscles.

For some insect species a hormonal mechanism
has been found to control trehalose release from fat
body: a hormone (‘hyperglycaemic hormone’) from
a small gland (the corpus cardiacum) in the head
causes an increase in blood trehalose levels by stim-
ulating the enzymic process of trehalose synthesis in
the fat body. No correlation between release of this
hormone and flight has yet been established experi-
mentally, but it seems possible that the hyperglycae-
mic hormone could be released during flight to
stimulate trehalose release from the fat body.

It should be emphasized that the above mechan-
isms for control of carbohydrate release from fat
body have only been shown to occur in insects other
than the locust. However, it seems reasonable to
speculate that at [east one such mechanism does
operate in the locust, although proof of this awaits
further experiments.

Fat is the other main fuel for flight, and this too
is stored mainly in the fat body. It is released into
the blood as a complex with protein (i.e. as lipo-
protein), which is necessary to maintain the fat in a
more soluble form. The concentration of fat in
locust blood during flight increases to three or four
times the resting level, although at the same time
the rate of removal of fat by flight muscles must
increase considerably. This means that the rate of
release of fat body must also increase to maintain
the high level of lipid in the blood, and the question
arises of how this increased rate of lipid release
is initiated.

We have recently carried out some experiments
which throw some light on this problem. The corpora
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cardiaca of the locust were found to contain a hor-
mone (‘adipokinetic hormone’} which, when injected
into a living locust, would produce an increase in the
fat concentration of the blood. In other experiments
with isolated fat body tissues the hormone was found
to stimulate the release of fat from the fat body into
a medium containing haemolymph. This showed that
the hormone could cause an increase in blood fat by
acting directly on the fat body. Evidence that this
hormone is actually involved during flight was ob-
tained when it was found that the amount of
adipokinetic hormone in the blood increases con-
siderably when a locust is flown. It therefore seems
likely that the increase in fat concentration in blood
which occurs during flight is initiated by release of
adipokinetic hormone from the corpora cardiaca, and
this hormone then acts on the fat body to stimulate
fat release.

the flight muscles

The main requirements of active flight muscles are
fuel and oxygen. Oxygen (in the air) reaches the
muscle fibres via the tracheal system. This consists of
branching tubules which lead from spiracles (holes)
in the cuticle directly to the tissues. Such tubules
are particularly numerous in flight muscle tissues.
During flight air is pumped in and out of the tracheal
system by the normal working of the flight muscles
which, as they contract and relax, cause changes in
the volume of the thorax which creates a tidal flow
of air in and out of the tubules. In this way flight
automatically improves ventilation of the tracheal
system and therefore improves oxygen supply to the
tissues when it is most required. Similarly, repeated
contractions of muscles during flight improves the
rate of blood movement between muscle fibres and
therefore speeds fuel delivery.

Some biochemical experiments can only be
answered by experiments using isolated flight muscle.
For example, although it is well established that the
trehalose concentration in locust blood falls during
flight, this does not necessarily mean that trehalose
is actually used by flight muscles. (An alternative
explanation would be that the trehalose was being
converted to glucose by some other tissue, and that
this glucose was the true fuel for flight muscle).
Such problems can be resolved by experiments on
isolated flight muscle. In other experiments mixtures
of two or more fuels can be tested to determine
which fuels are preferentially utilized by flight muscle.
Isolated flight muscles can also be used to study
possible hormonal actions on fuel utilization.

In order to carry out such experiments it was first
necessary for us to develop new experimental
methods. The requirements were for an isolated flight.
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Insect Flight continued

muscle preparation which could be made to con-
tract repeatedly and thus perform work (as occurs
during flight). This could then be supplied with oxy-
gen and suitable fuel. The utilization of the fuel
could be best followed by labelling it with radio-
active carbon so that the production of radioactive
carbon dioxide and other products could be followed
by radioactivity measurements.

Such requirements led to the development of a
technique which employs the apparatus shown in
Figure 3. The muscle preparation consists of half a
thorax from a locust which has the fat body and gut
removed to expose the flight muscles. The tracheal
system is left intact to carry oxygen to the muscles,
and the cuticle also remains as a support for the
muscles and to retain the spiracles by which the
tracheal system maintains continuity with the exter-
nal atmosphere. In addition the main ventral nerve
with its subsidiary nerves are left intact so that all
of the muscles can be made to contract simultan-
eously by electrical stimulation of the ventra! nerve
via two electrodes (a) and {(b). When the muscles
contract they cause a movement in the flexible
cuticle which then pulls down on the wire (c). This
movement is measured by connecting (c) to an
electronic device for recording the amount of move-
ment. The muscle tissues are bathed in solution
which contains fuel and inorganic ions at concentra-
tions similar to those of locust blood. The ‘outer sur-
face’ (cuticle side) of the preparation remains in
the atmosphere since wetting of the spiracles blocks
them and prevents oxygen transfer to the tracheal
system. Fresh oxygen is continually bubbled into the
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solution underneath the preparation, and as it
escapes it carries any radioactive carbon dioxide
formed in the muscle to the ‘bubblers’. The bubblers
absorb the carbon dioxide so that its radioactivity
can be measured.

Using this technique we have been able to show
that a number of different fuels can be oxidized by
the flight muscles. Such fuels are able to provide the
energy for repeated contractions (usually at the rate
of two per second) for periods of more than three
hours. In the absence of any suitable fuel the mech-
anical response of the muscle gradually becomes
weaker and weaker until after an hour or so it is
only a small fraction of the original response. The
results presented in figure 4 show that the fuel
(glucose) oxidation rate is proportional to the fre-
quency of contraction i.e. to the amount of work
done by the muscle. The oxidation rate in unstimu-
lated preparations is only about 10% of the rate
during stimulation at two per second. This shows
that in our isolated muscle preparations fuel oxida-
tion processes and the contraction processes are
‘coupled’, that is they are interdependent as would be
expected from a consideration of Figure 1. This gives
us some confidence that our muscle preparations are
functioning as they do in the flying locust.

Suitable fuels for such flight muscle preparations
include glucose, trehalose, various fats and proline.
When two suitable fuels are added in mixture, the
contribution of each is depressed, although the total
fuel used remains about the same. Increasing the
concentration of one of the fuels relative to the other
increases the proportional contribution of that fuel



to the total fuel oxidized.

In some experiments we have looked for possible
hormonal effects on flight muscle fuel utilization. In
these experiments we added extracts of hormone
producing organs to the solfution bathing the muscles,
but so far no significant effects have been detected.
This could mean either that hormones do not affect
fuel metabolism by the flight muscle, or that our
experiments were insufficiently sensitive to detect
such effects. It is always more difficult to be con-
vinced by negative results than by positive ones!

To summarize, the main controls of fuel utilization
at the muscle seem to be:

(a) The amount of work done. This controls the

total amount of fuel oxidized.

(b) The relative concentrations of different fuels

in the solution supplying fuel to the muscles.
This affects the proportional contribution of
each individual fuel to the total.

an overall picture of fuel utilization

Our present working hypothesis on the control of
fuel utilization during locust flight is as follows: At
the beginning of flight the nervous system of the
insect stimulates the flight muscles to contract, and
the energy for such contractions is derived by oxida-
tion of available fuels from the blood. At the same
time the corpus cardiacum is stimulated to secrete
hormone(s) into the blood stream: Adipokinetic
hormone which stimulates fat release from the fat
body, and perhaps other hormones which may stimu-
late trehalose synthesis by the fat body. Simultan-
eously, the trehalose concentration of the blood is
reduced as a result of its utilization by the flight
muscles, and this may relieve inhibition of trehalose
synthesis in the fat body and thus reinforce any hor-
monal stimulation of trehalose release. For carbo-
hydrate the initial rate of utilization by muscle is
greater than the rate of release from the fat body, so
that the concentration in the blood decreases. For
fat, on the other hand, the stimulation of release
from the fat body is so effective that the fat concen-
tration of the blood actually increases despite an
increased rate of removal by the flight muscles. The
overall result is that there is a change in the relative
proportions of carbohydrate and fat in the blood
during flight (a decrease in carbohydrate and an in-
crease in fat), and according to our experiments
with isolated flight muscle, this should affect the
relative proportions of fuels actually oxidized. Thus
changes in blood fuel concentrations can explain the
change in emphasis of fuel from carbohydrate to fat
which has actually been observed during the flight of
locusts.
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Glucose oxidation rate (mg/g muscle /hr)

future problems

A number of interesting questions remain un-
answered. Most of these are concerned with control
systems at a mare chemical level. For example, it is
well known that muscle contraction is initiated by
local changes in calcium ion concentration which
activates the reaction whereby ATP hydrolysis is
linked to contraction of the muscle fibres (step (a),
Figure 1)}. More recently it has also been found that
an increase in calcium ion concentration activates
at least one of the key enzymes of fuel oxidation
(i.e. step (b), Figure 1) in the muscle. In this way
calcium ions may simultaneously activate both of the
main processes in flight muscle. Further research is
needed to discover the relative importance of this
calcium effect, and to look for additional mechanisms
for control of fuel oxidative metabolism.

The question of how trehalose enters the muscle
cells is a problem which is specific to insect muscle.
It has not been established whether trehalose is con-
verted to glucose inside the cell, outside the cell, or
during its passage through the cell membrane. More-
over, the rate of such processes must be controlled
in some way, and linked to the rate of muscle con-
traction, since otherwise much of the trehalose in
the blood of locusts at rest would quickly be con-
verted to glucose.

At the present time the known effects of hormones
on fuel utilization affect the fat body rather than the
flight muscles. This key role of the fat body as a
target site for hormonal control of flight biochemistry
merits further investigation. Of particular interest is
the question of exactly how the hormones act on fat
body cells to stimulate the release of fuels.

Figure 4 Effect of contraction frequency on glucose oxida-
tion rate. (Each point represents an average of several
experimental results).
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Interesting facts about the habits and habitats of
wild birds are collected by natural history societies.
Originally intended for study of the mysteries in the
bird world, of which there are many still to be solved,
the collection became so comprehensive as to show
where bird species were in danger of becoming ex-
tinct or how they might become threatened by
changes in the environment, whether caused by
nature or by man. In the interests of preservation,
the wild life and bird protection societies were
formed and they also discovered that unless the
natural countryside was looked after it might become
a barren desert, of no benefit to people in need of a
resort from urban life.

Details of bird life come from amateur bird
watchers as well as expert ornithologists and among
the former are Una Black and her husband Pete, who
belong to the London Natural History Society, the
Royal Society for the Protection of Birds and are
supporters of the World Wildlife Fund. Una has been
a member of the group in Establishment Division,
London Office that produces SRC Conditions of Em-
ployment Memoranda, and the related general
notices, for the past three years. Welfare is an-
other of her responsibilities: this covers any personal
problem from finding hostel accommodation for
young newcomers to providing a general advice and
information service on quite a variety of questions.

Una and Pete have made many observations both
of birds near their home in the west of London and
at bird study centres on remote coasts and moor-
lands. It is important when studying birds not to
disturb them. Rare birds in particular, often the
most shy, may be upset by a careless intrusion, and
frightened away from their breeding grounds.

There are only twenty species which breed regu-
larly in the Central London area, as many more that
breed there from time to time but over a hundred
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more fly over or through it. The green squares, parks
and private gardens attract hardy woodland birds
although great and blue tits, chaffinches, greenfinches
and songthrushes prefer woodland undergrowth or,
instead, tangled shrubberies in unkempt gardens.
Here too will be wrens, hedge sparrows, tawny owls
and, more rarely, black caps, swifts and hawfinches.
In late autumn migrating flocks of redwings pass over
in great numbers and may alight for a rest or to feed.

The development of London has made it uncon-
genial to certain birds but others have returned to
changed surroundings. Marsh birds, like little ringed
plovers, reed warblers, yellow wagtails and great
crested grebes, have accepted the gravel pits created
by the concrete age and reservoirs are the winter
homes of 10,000 ducks and 100,000 gulls. Red-
shanks and other waders are content to live on
sewage farms, which are often close to the site of
former marshes and swamps, while the City of
London is a series of cliff faces to feral pigeons and
starlings, the counterparts of the starlings and rock
doves on the rocky coast of northern Scotland.
Pigeons have come to accept breadcrumbs, varied
with scraps from street markets as their staple diet,
their ability to make a rapid and almost vertical take-
off keeping them safe from traffic. Starlings feed
on insects in lawns, rubbish dumps and sewage
farms, where they travel round on the rotary filter
arms; but hunting on the ground brings them into
danger from domestic cats — there are about five
cats to every starling.

Many of the bird species found in London
appear in the glens at the foot of the Grampians,
as well as many others. Una and Pete have
spent holidays there at the house of the Bird
Recorder for Angus. Dippers, which can walk under
water, push food into the red gapes of their young,
open like so many letter boxes in the river bank;



woodcocks parade their square of territory every
evening ‘roding’ just above the treetops, uttering a
call at exact intervals; and the sound of a rusty
hinge creaking in the wood may be the cry of hungry
iong eared owlets. The most exciting sounds are the
weird crowing of grouse, drumming of snipe and the
mournful cry of curlews or an oyster-catcher hunting
in the estuary, its long legs and bill a brilliant red.
Una has also heard an icterine warbler in Glen Esk
and was once lucky enough to see a dotterell on its
breeding ground; this handsome bird of the high
moorlands is rare in Britain and very seldom seen.

Off the nearby coast are colonies of sea birds.
Arctic terns dive at intruders like small white darts;
but gentle faced kittiwakes sit wing to wing on the
cliff face murmuring soothing calls in answer to the
discordant cries of ‘kittiwake’ from their noisier
partners.

Skokholm Island off the coast of Wales is a more
specialised sea bird observatory, well known for its
colony of manx shearwaters. The island lies in the
path of a fierce tidal stream and is swept by heavy
westerly and southerly gales so that, apart from the
lighthouse keepers and hardier bird watchers, it is
secure from human intrusion. This is fortunate, for
many shearwaters and puffins nest in rabbits’ bur-
rows, honeycombed in the soft peat under a thin
crust. Storm petrels use rock crevices but all have
to hide during daylight and on moonlit nights from
voracious great black-backed gulls, which turn their
prey inside out to leave only wings and feet. Parent
shearwaters take turns to hatch and feed their young
chick while their partner spends a week or so feed-
ing at sea. When they change over the noisy meet-
ings underground on dark nights sound like ghostly
wailings from the island itself. Both parents leave the
chick alone ten days before it is ready to fly, to be
nourished by its own body fat unti! it is light enough
to move. During the last few nights the young bird
comes out of the burrow to exercise its wings on the
ground before its final take off, either by a run down
to the sea if the night is calm or, more successfully,
on windy nights to be lifted by the wind by facing
into it. The rest of a shearwater’s life is spent at sea,
except during the breeding season, and young birds
will be found in South America within six weeks.

Una has also watched birds in Austria, while ski-
ing, and in the west of Ireland, where she saw large
numbers of newly arrived cuckoos {a bird more
usually heard than seen at such close quarters) and
some mobbed by meadow pipits, whether before or
after laying in the pipits’ nests it was hard to tell.
Meanwhile Una and Pete are saving up for an ex-
cursion further afield to the Ngorongoro crater in
Africa, where they are keen to go soon before some
bird and wild life species, already rare, become
altogether extinct.
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The photographs shown were taken by Laurie
Roberts, a friend of Una’s who works in State House
for the Ministry of Health and Social Security. He is
both a bird watcher and photographer in his spare
time and has provided pictures for natural history
journals on several occasions.

opposite page Razorbill
below 7 Bird survey
2 Shearwater
3 Temminks Stint




column by ‘observer’

”

The temperature was well into the eighties in Hol-
born on Wednesday July 16 as Apollo 11 was
launched and we would be less than human if we
said our thoughts were entirely on work. Quite a lot
of people were thinking about the astronauts; a few
were considering strawberry prices and a lot more
were wanting to get back to a deck-chair, a shower,
or anywhere but Central London.

The Press Office tells us that they did a brisk trade
in enquiries from newspapers and journals concern-
ing the lunar samples for British universities and
research teams throughout the world which the
Apollo astronauts were bringing back. Would our
man collect them from Houston or would all the
experimenters go over and receive their samples
individually? What would the security precautions
be? What about clearance with Customs and Excise?
There were dozens of obvious and sensible questions
asked.

The article on Page 13 by Dr. Greening gives
valuable 'background’ to an interesting administrative
chore for what must surely be the most unique
scientific exercise ever undertaken.

The last word must, however, be with the Office
Wag who stopped us to say ‘when the courier gets
off the plane at Heathrow it's more than likely he
will have a Little Green Man in tow rather than a
piece of lunar rock’.

Well, we know now it's rock. Personally, | would
love to have met a Little Green Man.

parts of the past

Nowadays, it seems, you have to go all the way to
the moon for souvenirs of a bygone age, Archaeolo-
gists, or mere keen diggers, aren’t allowed to carry
off pieces of Fishbourne Palace or newly uncovered
Egyptian mummies.

A hundred years ago, lumps of ancient Rome,
Greece and anywhere else were a favourite ornament
for the home and inspired classical themes in build-
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ings, paintings, furniture and women’s dresses. If
you visit London Office, you can see how they used
to look at No. 13 Lincolns Inn Fields {opposite State
House). From 1811 until his death in 1837 (aged
84) this was the home of Sir John Soane, an archi-
tect of the classical revival. Parts of ancient and con-
temporary buildings, models and statues were brought
in to show himself and his pupils how it was done.
The passageways are narrow and massive blocks
from stone columns hang, breathtakingly, just above
head level.

The museum gained attention at Easter when a
painting by Watteau was stolen. Apparently the work
of a specialised ‘collector’ since the dozen by
Hogarth were left alone. The famous ‘Rake’s Pro-
gress’ set of eight, now priceless treasures, were
bought by Mrs. Soane at Christie’s in 1802 for only
£570, the lot.

The house is full of deception — decoratively
speaking — to suggest to the eye that it is larger and
lighter than possible in a London terrace. The ideas
are worth trying at home. When the house next door
is opened at the end of the year there should be more
to see as the interior and furniture will have been
restored from engravings made during the architect’s
lifetime.

. . . and present

If the Sir John Soane’'s Museum is too intellectual a
refreshment in a busy day’s routine perhaps the net-
ball teams on the other side of Lincolns Inn Fields
will provide greater stimulus. Followers of this very
persuasive sport tell us the standard of play is quite
high (we wouldn’t know of course) and the partici-
pants are sometimes quite spectacular. [f these
diversions are not enough there’s usually a brass
band on Tuesdays, speakers of a variety of per-
suasions at the Great Turnstile corner, and if all else
fails, Henekey’s Long Bar. You can always persuade
yourself that this deserves a visit for its architectural
merit alone. it is mentioned in ‘Nairn’s London’.



Quest Quarterly Quote

‘Two students who have completed their year of
general observations are now working on their
own projects. One is working towards a PhD on
reproductive behaviour at Cambridge University

... “from Quest, April 1969.

. You may notice a number of small changes in
the format and content of your Favourite Journal. All
are designed to make it more readable? loveable?
homely? or simply to bring about togetherness (or
the opposite!) The Guest Column will we hope be
a popular innovation bringing an outside viewpoint
to bear on our affairs (we have some very interesting
contributors in mind for future issues). The Quest
Quarterly Quote will depend a lot for its success on
getting a good, relevant contribution each issue and
this column will depend even more on either the
existence of a quiet corner in the office or else a
strike by the GPO engineers. Seriously though, we do
need more reader participation. We can’t guarantee
to run a ‘personal problems’ column by Aunt Joan
(in joke) but we will do all we can to print all
reasonably acceptable contributions especially car-
toons, light verse and articles.

. Here is an open secret. Most Monday mornings
the London Office Directors hold a meeting with the
Chairman and Secretary to discuss routine adminis-
trative business. It is known throughout the office
as a ‘Q" meeting. Why? There are several suggested
answers ranging from ’‘Questions’ meeting to ‘Quin-
tet” (originally five attended). We have yet to hear
an authoratative answer. Please Dr. Francis put us
out of our misery.

awordintime...

The Director of a Laboratory, not far from SRC,
arriving about ten o’clock, overtook one of his
draughtsmen.

‘Good morning, Blankson’, he called.
again!l’

Said the draughtsman, with a look of concern
‘Are you, Sir? —soam I.’

‘Late

Gee!l | must have a snap
to take to the folks
back home.’
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.We have heard it rumoured around that far
reaching decisions are being taken with regard to
titles in the London Office. We shall have ‘Director,
Nuclear Physics’, instead of ‘Director of Nuclear
Physics Division’, ‘Director, Astronomy, Space and
Radio’, etc. Each will continue to have a deputy as
at present but he will no longer be called ‘Head of
Division’. All of this makes sense and up-dates us in
more ways than one. Mr. Walker we gather will be
‘Director, Administration’ and under him will be
deputies dealing with ‘Establishment’ and ‘Finance’.
In addition it is proposed that ‘Establishment Officer’
as a title should be dropped but the problem is to
find an equally descriptive alternative. We are not
sure why the title is going except perhaps that
‘establishment” may have a slightly undemocratic
ring about it in the setting of swinging Holborn, and
perhaps it would establish us as leaders in the field
of post-Fulton developments.

Anyway all this may be conjecture. We have to
await an official announcement. Let us suppose how-
ever that ‘Establishment Division’ goes. Can you
suggest an alternative? Decent suggestions on a
postcard please to PO Box EST. Room 1517, State
House, London WC1 by October 31 please. No prizes
offered but the sporting chance of a mention in our
next edition.

To help would-be contributors may we add that
‘Personnel and Organisation’ is an unlikely starter
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—
‘A bag marked
moondust, you say?’
(after all, we might think of cruises every time we

‘phone the P and O) and ‘Staff, Organisation and
Discipline’ seems a little doubtful (no prizes for
guessing why).

Our own suggestion is Staff, Welfare, Employment
and Leave Section known throughout SRC as the
SWELS (ugh).

. ‘Quest’ was abashed to find — and we do not
abash easily — that among new staff appoint-
ments announced recently were two colleagues
described individually in the official notice as
‘Woman Computer’. "Woman Computer’ indeed!
Has the age of chivalry shed its last garment?
Surely ‘Computeress” as with ‘Shepherdess’
would be more elegant or else Computer Lady,
Lady Fortran, or any expression that avoids such
language.

Beware official draughtsmen! We are following
your announcements closely.



newsfront

july 28
Minister of State’s visit to Daresbury

(I to r} the Chairman with Mrs. Shirley Williams, MP, Minister of State
for Education and Science, and Professor Merrison Director of DNPL.

september 1
Professor Merrison appointed Vice-Chancellor

Professor A. W. Merrison, FRS, thanking Mr. M. J. Moore (head of Engin-
eering Services Group) and the staff of DNPL who presented him with two
prints of Liverpool and an autographed album when he resigned as Director

to take up his new appointment as Vice-Chancellor of the University of
Bristol.




july 2
sports day

near right Summit Meeting in
a six a side football match.

far right Miss Alison Astbury
granddaughter of Mrs. O. J.
Kirby RGO wearing ‘Suppor-
ter’'s Hat’ created by Brian
Jones, Computer Engineer at
RGO. The ‘ribbons’ bear
slogans for RGO.

june 13
Site opened for 5 km Radio Telescope

Professor Sir Martin Ryle FRS
starting off the work to open
site of the new telescope for
the University of Cambridge
Mullard Radio Astronomy
Observatory at Lords Bridge.




quest loses

Len Jenkins (editor) who is now Books Editor (on
promotion to Senior Information Officer) in the
Department of Employment and Productivity. This
involves publishing the many leaflets issued at Labour
Exchanges and his particular job is to redesign the
literature to match the changing image of the Depart-
ment.

Dr. John Baldwin local correspondent from ACL
who Is to spend a year at the University of Maryland
under Professor Jim Stewart to assist in implement-
ing crystallographic programming package Xray-70
on the University Computer. Then he will work on its
conversion for use at ACL. Dr. Baldwin adapted the
Xray-63 package now in use from the US programme.
His bellringing interests were featured in Quest (in
January 1969).

Dr. John lIreland from ROE whose destination is
still unknown at the time of going to press.
Quest’'s thanks and best wishes go with them.

quest gains

Miss Anne Smith as Editor
F. Lunnon as ACL correspondent
Dr. W. M. Napier from ROE

The cartoons in this issue are by
Miss Daphne Playford from LO.

contributors

J. F. Hosie

‘the launch’

Commander R.N. Stanbury

‘tracking east and west’

University of Manchester.

f Dr. W. D. B. Greening

‘no small part for SRC’

Director, Astronomy, Space and Radio (LO)

Personal Assistant to Sir Bernard Lovell at Jodrell Bank,

PSO in ASR Space (International) Section (LO)
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profile

Dr. William Francis CBE

Dr. Francis was frustrated from the word go in plan-
ning his career. At the age of 13 when he had to
start specialising at the Latymer Upper School, Ham-
mersmith he decided to become a historian. But his
mother said ‘your father has filled this house with
books on science and | will not have you filling it
with history books — you will be a scientist like your
father.” So he did as he was told and in due course
won an Exhibition in Natural Sciences to King’'s
College Cambridge, having been Foundation Scholar,
Senior Prefect and Captain of Football at school. He
had given up cricket, with regret, (when 14) because
it “interfered with the passing of examinations in the
summer.’

At King’s he enjoyed life, captained the soccer
team, got his athletics colours and did less work
than he should. He stayed on to take a Ph.D. in
physical chemistry in 1931, studying the electrical
properties of protein membranes and was invited to
join the Zoology Department by Sir James Gray where
he worked on the electrical properties of frog skin
with the help of a DSIR Senior Research Award. In
1933 he gained a Rockefeller Fellowship in Experi-
mental Zoology and went to the Rockefeller Institute
in New York to work on the permeability of frog
muscle. When asked about life in New York and
California in 1933—4 he says it was well described
by Eric Linklater in the novel ‘Don Juan in America’!

By this time he was in danger of becoming a
‘perpetual student’ but, although disappointed in his

ambition to become a don at Cambridge, in 1935 he
was offered the choice of lecturing in a civic univer-
sity in the north or teaching at Repton, which he
preferred — following a family tradition.

He enjoyed ‘being a beak’ and also fitted in WEA
lectures to industrial workers in Derby and to farm
workers in the countryside around and later became
an O- and A-level examiner for Cambridge exams.

During this time he married Ursula Matthew, a
Cambridge geographer, and they both grew very fond
of country and village life. She died in 1966.

Over the years 1931-37 he published a number
of papers in scientific journals on the permeability
and other properties of membranes, both living and
artificial — ‘not very outstanding’ he says but he is
still interested in what is being achieved in this
field today, with modern techniques.

When the war came he was mobilised by C. P.
Snow from the Royal Society list of research scien-
tists for war work on radar. In his own words — they
had recruited all the physicists before the war so by
1940 they were ‘scraping the barrel’ for chemists and
biologists. The early days of radar were great fun.
Jack Ratcliffe (afterwards Director of RSRS) was his
boss — first at Anti-Aircraft Command and later at
TRE in Swanage then Malvern, where it was moved
in case of a south-coast invasion. Working on the



introduction of centimetre radar into night fighters
and bombers and submarine chasers, he now regards
as one of the most amusing and exciting parts of his
professional life because ‘we were given all the staff
and money we asked for and could translate the
results of fundamental research into effective hard-
ware within a matter of months.” Two of the ‘promis-
ing younger men’ at TRE in those days, Bernard
Lovell and Martin Ryle, have sirice led the world in
extending the principles of radar to radio astronomy.

Towards the end of the war Ratcliffe sent him to
see Sir Edward Appleton, the Secretary of DSIR, who
offred him a job as a peacetime PSO. He thinks he
was very naive at first in expecting things to go as
fast in peace as in war — progress was slow for a
number of good reasons. Two of the causes he began
to advocate in 1945 are now widespread under the
aegis of Min Tech: namely, development contracts
arising from research in civil science and regional
technical information services for industry. Later on
he had an interesting five years (1953-8) in charge
of administering the Government grant to the co-
operative industrial research associations, which gave
him an insight into the problems of applying science
to traditional industries.

In 1959 he found himself ‘quite undeservedly in
charge of the Grants and the Information Divisions
of DSIR but fortunately Christopher Jolliffe, John
Beckelt and later Harry Hookway were there to do
the work, earn me a CBE in 1961 and propel me
gently into my present post when SRC was started
in 1965."

When he isn't working he enjoys music, travel,
gardening, his cottage in Cornwall and his children’s

force of conflict

Time goes on indifferent without the spark

Of nuclear force and pull of gravity.

The cell defends itself from enemies

And sperm and egg do battle and then join.

The mother labours to produce her child

With father striving to achieve success.

The students quarrel with authority

And parents find their toleration thin.

Man fights for his ideals, and always will,

The creatures for their territory and mate.

The sea assaults the land and swallows it

And cold and tempest thwart the farmer’s hope.

Perfection — and our world would atrophy.

Conflict exists with reason and without:

So will it be to energise and make

The cutting edge for purpose and achievement.
Nona

activities. His eldest daughter Sarah, who went to
St. Paul’s Girls® School, is also a Cambridge Ph.D.
At present she has a research fellowship from the
Australian National University and is studying child-
hood morbidity among aboriginals near Alice Springs.
This involves getting to know and understand the
parents, if you can identify them, to find out what
they do when their children are ill or hungry. ‘They
have some very odd ideas’ she says.

His son Julian was so horrified by how hard his
elder sister had to work at schoo!l that he gave up
academic ambitions at the age of 14, at Westminster
School, and opted for farming. For the last two years
he has been in charge of an irrigation-agriculture-
dairy farm project for Oxfam in India which has
become a successful show piece and was recently
visited by Mrs. Judith Hart, but much to Julian's
chagrin the event was neglected by the British Press.
Brigid who is younger went to the Royal Ballet
School until, at the age of 16, her knee gave out.
So she switched to Putney High School, scrambled
some A-levels and is now in her third year at York
University doing Music and English with great
enjoyment.

The youngest, Emily, is at Dartington Hall where
she is said to work hard. She saw the text of this
article in preparation and forbade her father to reveal
any secrets of her, so far, innocent life to the readers
of Quest. Two years ago Dr. Francis married
Margaret Morris, formerly of Geological Survey and
Museum, who was then an SPSQO in ASR Division,
London Office and is now working part time in the
Cabinet Office.

morning train

Faces in rows — people standing between
Hide behind newspapers, solemn restrained,
All silent: in company and yet alone.
Man of the city, upright and well fed,
Support of his country and strength of his class,
Overalled workman — his life in his hands.
Lovers, remote, with their bliss on their faces,
Women who lost it, or it never knew,
But some full of comfort and ever benign.
Heavy eyed student with long flowing hair,
Girl in her teens — all make up and sex,
Unaware schoolboy studies his book.
The morning is golden — the river is grey
But they do not notice they only endure,
Yesterday, today and tomorrow.

Nona
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At the December meeting the Council discussed the
draft of a public statement of its policies on
selectivity and concentration of research support.
The Council also received a report on the progress
of development of a possible productivity agree-
ment with its industrial staff. The greater part of the
rest of the business at this meeting was the consider-
ation of recommendations from all four Boards of
grants and projects over £50K.

The continuation of the Edinburgh/Liege infra-red
astronomy experiment in ESRO’s TD—1 satellite was
approved at a cost of £900K; five grants for nuclear
physics research in major centres in 1970 were
approved at a total cost of £500K as were five engin-
eering grants totalling £210K, most of them supple-
menting earlier large grants, and two Science Board
grants totalling £160K. As one example, a grant of
£82,000 was awarded to Dr. F. W. Randall, Queen
Mary College, London, to provide a NMR spectro-
meter of a new type for work on the theory of C-13
and N-15 resonances and also as a general facility
for other users. One other item of which the Council
learned with pleasure was the decision to arrange
for a study at Manchester University to assist the
development of SRC and SSRC policy on problems
of pollution.

January. One of the Council’s major annual tasks is to
decide on the poiicy and arrangements for post-
graduate student awards. Formerly, a great deal of
the work was done by the UST Board, but the Coun-
cil now undertakes it directly. With the help of much
detailed information submitted to the January meet-
ing, the Council made its decisions on the quotas for
various special kinds of award and for the four
Boards. It also laid down that at the appeals stage
priority should be given to fully qualified applicants
in the Engineering Board’s field, and to applicants
with first-class honours.

Three items in the ASR field then followed. The
Council approved the building of a 48 inch Schmidt
telescope at a cost of £750K at Siding Spring beside
the Anglo-Australian telescope, to be used first to
complete the famous Palomar sky survey. The pro-
posal for a Mk V large steerable radio-telescope was
next considered, the scientific case being presented
in very full detail. The telescope would be 400 feet in
diameter compared with the 200 feet of the Mk |
at Jodrell Bank, and would be suitable for use down
to the shortest wavelengths practicable except on
high, dry mountain sites. The Council approved the

proposal within a cost of £6M. Although it will be
directed and managed by the University, it will re-
main SRC property. Finally, the replacement of the
Central Processing Unit of the computer at the RSRS
was approved at a cost of £250K.

In February, there was a discussion of the basis upon
which the next five-year forward look is to be pre-
pared for full consideration in April, and of the
preliminary indication of its probable lines, which
has to be given to the Government beforehand. One
considerable problem is the lack of definite informa-
tion about the rate of the large university expansion
which is certain to take place. As one important
aspect of the forward look, the Engineering Board
submitted a paper on its early progress with some of
the questions that had led to its formation. Following
the Council's expressed wish to give priority to its
work, the Board has been studying the prospects for
expansion, and has made plans for a 12% p.a.
increase in expenditure, with about one-third being
concentrated in selected centres.

Some further large grants recommended by the
Engineering Board were approved by the Council:
five grants totalling £375K for collaborative pro-
grammes in polymer science and technology, two
totalling £320K for control engineering, one of £138K
for microwave research at University College London,
and one of £237K for work at Liverpool on pheno-
mena in arc devices. The remaining items in Feb-
ruary included a further report on the progress of
development of a possible industrial productivity
agreement, and the news that the new scheme of
SRC fellowships, approved by the Council a year ago,
had now been accepted by the Government and was
being announced. The new fellowships are of higher
value than the present ones, but fewer in number.

“’Plus ca change, plus
c’est la méme chose.”’

We seek and explain and what do we find
Yet more to explain still leading us on
For ever and ever — or is it complete
At this moment of time. Consider and see,
Shapes are recurring, patterns repeat
Is it so simple — a life or a wheel
Showing us now what always will be?
We cannot tell — so still do we seek.
The answers elude us but maybe we know.
Nona



machine
to match
a

OISTANCE FROM CENTRE
- OF STAR IMAGE

telescope

N. M. Pratt

In the early 1930s, Bernard Schmidt, an Estonian
optician designed the wide-field photographic tele-
scope which bears his name. The instrument can
photograph large areas of sky with nearly perfect
definition of stellar images.

At the Royal Observatory Edinburgh there is a
relatively small Schmidt telescope which can photo-
graph, on a single glass plate, an area of sky four
degrees or eight moon diameters across; a two minute
exposure can record the relative positions and
brightnesses of tens of thousands of stars. A second
Schmidt camera is at the Observatory’s Monte Porzio
outstation (see R. J. Dodd’s article on page 16).

The light from each star is focussed by the tele-
scope to a spot with a diameter of about fifteen
microns or half a thousandth of an inch and is then
scattered and absorbed by the photographic emul-
sion. The brighter the star the further the light is
spread out, so that when the plate is developed
images of bright stars are larger clumps of photo-
graphic grains than those of fainter ones. Measuring
the relative sizes of star images therefore gives a
measure of relative brightnesses.

By comparing the brightnesses of the stars on
plates taken through different colour-filters — ultra-
violet, blue, yellow, red — temperatures of the stars
can be deduced and at the same time effects of the
obscuration caused by interstellar dust can be exam-
ined. By taking plates at different times, small
changes in the positions of the stars on the sky can
be detected and from these distances and motions

of the stars in the galaxy can be derived. Combining
measures of brightness and position, astronomers
can study the history of the gas, dust and stars in
space and time, in other words the evolution of the
galaxy.

The invention of the Schmidt telescope presented
astronomers with a particular challenge. The tele-
scope could record the stars and nebulae in vast
volumes of our galaxy in a few minutes, but how
could the information be derived from the photo-
graphs? Manual measuring engines could cope with
only a few thousand stars each day. A whole new
concept in measuring engines was required — a
machine which could measure completely automatic-
ally say, a thousand stars an hour with an accuracy
of a micron in position and a quarter of a micron in
size.

GALAXY

The fundamental concept of the ‘General Automatic
Luminosity And X Y measuring engine’ — GALAXY —
was due to Dr. P. B. Fellgett, now Professor of
Cybernetics and Instrument Physics at Reading Uni-
versity. Four basic features were: a cathode ray tube
to scan the photographic plate with a small spot of
light; a precise mechanical carriage to hold and
position the plate to better than a micron; a system
developed by Ferranti Limited to measure the car-
riage position; and an electronic system, similar to
a computer, to contro! the operations.



The pictures illustrate the operation of the GALAXY Measuring Machine at

the Royal Observatory, Edinburgh.

1 is a photograph taken with the Schmidt Telescope, showing the stars as black

images on the negative: a typical photograph contains 40,000 images. An area

of the negative is selected for measurement.

2 shows the selected area enlarged. GALAXY searches for star images, using linear

scanning.
using concentric circle scanning.

1 micron.

a N W

of the star image to a quarter of a micron.

The design and construction of the whole system
was entrusted to the Scientific Instrument Control
Department of Ferranti Limited, now Faul-Coradi
Scotland Limited. In September 1965 a detailed
design study was begun by the manufacturer work-
ing with Dr. V. C. Reddish of the Royal Observatory,
Edinburgh. Based on the study, a contract was signed
in August 1966 to construct the measuring machine
— GALAXY — over three years. The mechanical sys-
tem was constructed by Sogenique Limited and
delivered in April 1967.

When GALAXY was first used to examine photo-
graphic plates, the operations of the machine were
monitored on an oscilloscope display and the excite-
ment was considerable when the first sequence of
stars, from bright to faint, were seen to be detected
and automatically measured. This was in March 1969.

As the weeks went by, the exact performance of
the machine was assessed and improved, the output
data being processed on the Elliott 4130 computer at
the Royal Observatory Edinburgh.

The first major test was the accuracy of the XY
carriage in measurement phase. The Edinburgh
Schmidt plates are circular and so can be placed in
the plateholder at any orientation. A set of about
one hundred stars was measured at orientations of
the plate separated by 30° through a complete revo-
lutiol. The computer analysis on June 30 revealed
that the accuracy in both X and Y was better than
half a micron, two times better than the specifications.

The second test, in late August, was largely con-
cerned with the search phase. A small area of one
plate was searched and the search output measured
as often as possible for one week. The performance
was again satisfactory, and the machine was formally
accepted in October. It was the first of its kind any-
where to bring complete automation to processes of
optical astronomy.

Then GALAXY began to be used to measure sets
of plates of parts of the galaxy in a search for newly
formed and very young stars — stars less than about
30 million years old, newcomers on the galactic time
scale of 10,000 million years.

shows a single star image greatly enlarged and the GALAXY scan of the image,

is the same star image which GALAXY has centred to measure its position to

Dr. Neil Pratt,

who wrote this article, is
an Experimental Officer
at ROE concerned with
writing programmes for
GALAXY.

is a drawing of the oscilloscope display on GALAXY, which measures the profile

discoveries in Perseus

For a Press Conference on January 20, when
GALAXY was introduced, the measures and reduc-
tions of one plate through each of three colour filters
had been completed. From these provisional com-
pletely automatic measures, 1103 stars younger than
28 million years were found in part of the constella-
tion of Perseus where only about 75 were previously
known. This is a striking example of the increase in
astronomical knowledge made possible through the
development of GALAXY, which gained front page
headlines in the National Press.

GALAXY will soon be operating twenty-four hours
a day, seven days a week on a growing series of
varied astronomical programmes. Computer pro-
grammes to examine the GALAXY output of tens of
thousands of stars on each Schmidt plate and to
combine the measures of one star from several plates
are being developed.

The machine, which weighs 3.6 tons, is mounted
in a light-proof cabinet 8 ft. x 6 ft. x 7 ft. high. The
heavy base casting supports a very accurate two-
dimensional table on to which is clamped the plate-
holder containing the Schmidt plate. A bridge casting
over the carriage supports two parallel optical sys-
tems each with a micro-spot cathode ray tube as
light source. The electronic circuitry and operating
controls are contained in two racks, each 6ft. high.

One of the two optical systems, the Search Phase,
projects a small spot of light, say 16 microns in
diameter, along a linear scan in a raster pattern over
specified areas of the plate. A photo-electric cell
monitors the light transmitted through the plate and
detects the reduction in brightness when the light
spot falls on a star image. With the above resolution,
30 square millimetres are searched every minute, and
up to ten thousand stars are found per hour and their
approximate coordinates recorded on paper tape.

This paper tape is used as the control input for
the second optical system, the Measurement Phase.
The machine drives to the approximate coordinates
of each star and scans the plate with a spot only



machine to match a telescope continued

one micron in diameter in a spiral pattern. If the star
is not centred, a photo-electric cell monitoring the
transmitted light detects more light coming through
one side of the spiral than the other and generates
signals to servos which move the carriage to centre
the star in the spiral scan. The position is determined
in units of a micron. At the same time the size of the
image is being determined with the spiral scan, and
the position and size of the star image are put on to
paper tape. The next set of approximate coordinates
are then read from the search tape and the carriage
moves so that the next star image can be examined.
This process is carried out an 900 stars an hour.

In addition to the programmes from Edinburgh,
astronomers from the Royal Greenwich Observatory
have used GALAXY, and there is an increasing

number of enquiries from astronomers in both hemis-
pheres. Investigators in other sciences have also
shown great interest in the general system.

Soon, we hope, GALAXY will be providing answers
to many astronomical problems which could never
be tackied previously — and, no doubt, it will pose
many more.

B <l Tl RS
Photograph of GALAXY Measuring Machine at ROE
constructed by Faul-Coradi Scotland Ltd.

physicist talks

The Chairman delivered a
lecture to the Institution of
Electrical Engineers on Feb-
ruary 5, 1970. Here is a
summary of the things Sir
Brian had to say about
‘Engineering and the SRC’.

Engineering must engage the most serious attention
as an element of any advanced society. Its practice
is technical and inventive, but it is not just these;
it is an art embodying the deepest consideration of
human, aesthetic, environmental, economic and
social factors . . . Together with the UGC and the
other Research Councils, the SRC is responsible for
encouraging, and in a broad sense guiding, the
research and postgraduate activities in science and
technology in the universities, which in one way and
another absorb most of our annual budget of over
£40 million.

In 1962, concerned by the decline in Britain's
share of international trade in engineering goods, and
recognising that design ‘is the very heart and origin
of all engineering activity’,! DSIR appointed the
Feilden Committee to consider the present standing
of mechanical engineering design and to recommend
any changes which were likely to result in improved
design of British products, including changes in
education and training.

The Committee found evidence that the engineer-
ing industry largely failed to accommodate itself to
the post-war development of the educationa!l system,
the shop floor remaining the main point of entry. On
top of this, it attracted a lower proportion of the
ablest school leavers than science because it had a
lower social and economic status in Britain than in
other highly industrialised countries. Research was
the prestige activity, attracting the best scientific and
technological brains.

Since 1960 there has been a steady rise of activ-
ity in engineering and the applied sciences under
DSIR and, later, the SRC. In terms of research
grants to Universities and technical colleges the cur-
rent value of engineering grants first exceeded that of
science grants {excluding ‘big science’) in 1966; it
reached £11 million last year and continues to
rise. By the creation of the Engineering Board in
1969 with its own indicative budget, considerable
delegated powers, and wide terms of reference, we
have for the first time in SRC set engineering on
manifestly equal terms with science.

In the engineering field, subject reviews in depth
have been made of electrical machinery, control
engineering, electrochemistry and polymer science
and others are in progress dealing with desalination,



to engineers — about engineering

high temperature processing, transport and building
science. Our reviews will normally be published so
that there is an opportunity for public discussion
before their recommendations are put into effect.

education for industry

Applied science in the abstract is all too often dull
and unattractive; it is from the application that it
derives its inspiration and excitement, and the appli-
cations are usually to be found in industry. The
Board believes that increased coliaboration on
research projects between industry and the univer-
sities is necessary not only for the execution of the
projects but also for the effect such collaboration has
upon training of scientists and engineers.

Several new schemes for the awarding of post-
graduate research and advanced course studentships
have been introduced, designed to meet the needs
of industry. Co-operative Awards in Pure Science
(CAPS for short), operated by the Science Board,
enable graduates working in pure science depart-
ments to undertake, in direct collaboration with
industry, research of joint interest. Another scheme
is the Award Scheme for Science in Industry and
Schoolteaching (ASSIST for short), under which new
graduates are given promises of SRC studentships
to be taken up after one to five years spent in industry
or schoolteaching.

some investments

Public attention was focussed on the social prob-
lem of noise in 1963 with publication of the ‘Wilson
Report’.2 At that time the DSIR was giving increasing
help to technology and awarded a major grant to
Southampton University for work in the field of
acoustics which helped to establish the newly-formed
Institute of Sound and Vibration Research upon a firm
footing. The Institute has grown rapidly and now
commands considerable support from industry and
the SRC for research into human problems of noise
in vehicles and buildings, and the effects of noise
and vibration on machinery and structures.

The SRC has invested over £% million in the Cam-
bridge control group which has enabled them to
develop experiments based on real operating data
from real industrial plants. The group has contributed
to the contro! of a paper-miil during grade changes;
it has completed a model of a hot steel strip roiling
mill which is now being extended to include all
operations from the output of the reheat furnace to
the input of the coilers of an actual mill in order to
get much improved temperature control urgently
required to keep the metallurgical properties of the

product within specification. It is also being con-
sulted by industry on the control of once-through
boilers required in the nuciear power field, and on
the control of distillation columns in cascade.

High energy nuclear physics has had a direct
impact on engineering through the problems of
designing, operating and developing the great
accelerators and associated experimental equipment.
Engineers and physicists at the Rutherford and
Daresbury Nuclear Physics Laboratories, and indus-
trial firms which have provided the equipment, have
played their part in this.

Anglo-French link

Following failures of large pulsed motor-alternator
sets at the Rutherford Laboratory and at other high
energy laboratories overseas {(and these failures pro-
vided new information on fretting and fatigue in
such structures) Rutherford Laboratory engineers
studied a static power supply system which would
dispense with rotating machinery altogether. As part
of this programme, 160 MW pulse tests were con-
ducted between CEGB and Electricité de France
using the submarine DC link between the two national
systems and the results were analysed at the Atlas
Computer Laboratory. Not only did these tests
demonstrate the feasibility of the static power supply
when coupled to a suitably massive public network,
but they provided valuable information about the
dynamic behaviour of the two national electricity
systems.

Perhaps the most interesting interaction with
industry in radio astronomy is in respect of the large
steerable dishes. Initially dishes were developed for
radar and then used for radio astronomy. The
development of the Mark [ radio telescope at Jodrell
Bank and the design of further large steerable para-
boloids, led to one of the designs being adopted
for satellite communication at the Goonhilly station.
The story continues by the adoption for Sir Martin
Ryle’s new 5 Km telescope at Cambridge of eight of
the dishes developed for satellite communication
work.

We are anxious that more collaborative projects
should be proposed and we are willing, even more
than in the past, to support those aspects undertaken
by the universities even if the work itself takes place
in industrial laboratories . . . However, | am not sure
that industry is yet sufficiently aware of the possi-
bilities open to them for such collaboration. | there-
fore draw your attention to it today.

1 Wallace, P. J. The Engineer, 19 April 1963.
2 Cmnd 2056



enzymes

J. A. Feather

Man has been putting enzymes to work on his behalf
since he first brewed beer, fermented grape juice to
make wine, or converted milk according to local taste
into cheese or yoghurt. These processes have, of
course, been known for a very long time but it is only
in the last hundred years that the part which enzymes
play in them has been understood. The fermenting
agents used were simple organisms such as yeasts
and bacteria in which they occurred naturally. The
word ‘enzyme’ comes from Greek roots meaning
simply ‘in yeast’.

Enzymss of one kind or another are in fact found
in all forms of living matter. They are essentially
proteins and their function is to control the com-
plex sequences of chemical reactions on which life
depends. They act as catalysts causing the bio-
chemical processes to occur rapidly and efficiently
but remaining unchanged themselves at the end of
the reaction.

The ease with which enzymes can bring about
chemical reactions is one of the main reasons for
the current interest in them. Not only do enzyme-
catalysed reactions take place rapidly and under very
mild conditions (in contrast to the high temperatures,
pressures and extremes of acidity or alkalinity often
used for industrial chemical processes) but they are
highly specific. That is to say, a particular enzyme
often acts as a catalyst for a single reaction of just
one chemical compound. The result can be a com-
plete absence of the by-products produced, almost
inevitably, when a reaction is made to occur by
ordinary chemical means.

One of the long-term aims of enzyme research
is to gain understanding of how these molecules
behave as catalysts to a level sufficient to enable
synthetic substances, with similar properties, to be
tailor-made to catalyse specific reactions of industrial
importance. A major short term aim is to find ways
of using naturally occurring enzymes industrially.
Since pure enzymes are expensive it is uneconomic
to use them once and throw them away. This is likely
to be the result if they are used to bring about a
reaction by simply dissolving them in the solution
containing the materials due to react, because the
very small amounts of enzyme required cannot be
extracted from the solution at the end and will be
lost. The answer is to attach the enzyme to some
insoluble material such as a natural or synthetic
polymer. An additional advantage is that the ‘insolu-
bilised’ enzyme is often found to be more stable than
the free substance in solution. It is therefore less
likely to have its catalytic activity destroyed by heat-

ing, for example, and is usable for longer periods
and at higher temperatures.

These are only a few aspects of enzyme chemistry.
It is a subject of great potential importance and in
1969 it was selected by the Council as an area of
science worthy of special encouragement. The
Enzyme Chemistry and Technology Committee (now
a committee of the Science Board), which was
subsequently established to further research in this
field, has already made a number of substantial
awards.

One of the first awards was a grant of £200,000 over
five years to Dr. M. D. Lilly and Dr. P. Dunnill of the
Chemical Engineering Department at University College,
London, for a programme of research on enzyme tech-
nology. They describe this project in the following article.

[Dr. John Feather (SSO) is Secretary of the enzyme
chemistry and technology committee at London office.]

enzyme technology

Enzyme technology has two immediate aims. The first
is to improve methods of preparation so that rela-
tively large amounts of a wide range of enzymic
proteins can be made available for detailed studies.
These will lead to a better understanding of enzymes
and their role as catalysts in living systems, which
will have important implications for biochemistry
and, in the long term, for medicine.

They will also open up the possibility of preparing
more enzymes synthetically, and should lead to a
sufficient understanding of the mechanism of enzyme
action to permit the construction of artificial enzymes.

The second aim is directed to the more immediate
application of enzymes as catalysts. If natural
enzymes can be prepared economically on a large
scale and can be converted into a form suitable for
incorporation in a chemical reactor, they can play
a much greater rbole than they do at present as
industrial catalysts. Previous processes employing
enzymes used whole organisms, cell extracts or
enzymes secreted by cells in free solution. The new
technology seeks to wuse purified intra-cellular
enzymes catalysing a wide range of reactions and
aims to justify the higher isolation costs by retaining
active enzymes in the reactor system for much longer
periods.

When the enzyme technelogy programme at Uni-
versity College London began, six years ago, it had
two goals. The first was to enlarge the scale and
scope of insolubilised enzyme reactors then under
examination and the second to make available several
trace enzymes for x-ray crystallographic study. Since
then requests for help in isolating enzymes from
various sources, industrial interest, and a realisation
of the lack of basic data in this area of biochemical



engineering have all helped to stimulate the growth
of an inter-disciplinary team of chemical engireers,
biochemists, microbiologists and chemists, with a
broad range of interests. The part of the current
research programme supported by the Council centres
on three main themes — continuous enzyme isolation,
simultaneous enzyme isolation, and insolubilised-
enzyme reactors.

large-scale isolation

Experience in the first few years of the enzyme pro-
ject indicated that the scaling up of a batchwise
isolation procedure often involved losses in enzyme
yield and activity. Many enzymes are particularly sus-
ceptible to damage and degradation in the early
stages of fractionation and the losses were found to
be due to the longer process times required on the
larger scale. Moreover it became clear that the exten-
sion of batchwise procedures towards an industrial
scale of operation would involve the use of increas-
ingly massive and clumsy apparatus. A solution to
similar problems in the chemical industry is to
convert individual stages or, better still, the whole
process to continuous operation. To find out if this
approach would work with enzymes we chose two
enzyme isolations, one from plant tissue, and one
from microbial cells, for preliminary study.

The layout of equipment used for these two con-
tinuous isolation processes is illustrated in figures
one and two. The isolation from plant tissue required
the extraction of the enzyme from the tissue, the
removal of cell debris, and two stages of acid pre-
cipitation; each of these was carried through con-
tinuously in the system illustrated. The yield and
specific activity of enzyme produced were increased
50-fold and 16-fold respectively, compared with
batch operation at the same scale. The isolation from
microbial cells required continuous disruption of
cells, streptomycin precipitation of nucleic acids and
two stages-of polyethylene glycol precipitation.

Of importance in relation to the continuous isola-
tion of microbial enzymes is the fact that consider-
ably elevated levels of some enzymes can be obtained
by continuous culture. The test system was one which
showed this phenomenon. In such instances the
coupling of large scale continuous fermentation and
continuous isolation is especially profitable. Each of
the products of these processes required more puri-
fication and while the microbial amidase was puri-
fied further at the time by continuous electrophoresis,
a continuous chromatographic operation was desir-
able. No commercial machine suitable for the purpose
existed and a new machine is now being constructed
with the support of the NRDC.

These preliminary experiments showed that the
approach was promising but equally that the know-
ledge of individual operations was inadequate in
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figure 1 (top) Isolation of Prolyl tRNA Synthesase

enzyme from Phaseolus Aureus {Mung Bean)

The beans are fed continuously to a grinder (3) with
extraction liquor. Cell debris is removed continuously in
a centrifuge (6) and after final traces of solid have been
removed in a second centrifuge (9) the liquor is pumped
to meet a stream of acid from reservoir (11}, The first acid
precipitate is removed continuously in a centrifuge (13)
and the acid precipitation is repeated.

figure 2 lIsolation of an Aliphatic Amidase from
Pseudomonas Aeruginosa

Continuously harvested cells from a fermenter (not shown)
are pumped to a homogeniser (1) where they are disrupted.
Cell debris is continuously removed in a centrifuge (4). In
three identical continuous stages the liquor is then sub-
jected to the action of streptomycin (6) and polyethylene
glycol (10) & (14) The precipitates are removed in centri-
fuges (8), (12), (16)

chemical engineering terms. We therefore began
detailed studies of operations such as continuous
cell disruption and continuous precipitation with a
view to providing fundamental data. The study on
cell disruption is well advanced and suggests that it
will be possible to define the operation in precise
mathematical terms.

Another reason for making a detailed study of such
operations is that a number of them are widely
applicable in the biological industries. A study of
the disruption of micro-organisms to release enzymes
is also relevant to the release of protein from cells
and hence to the economic feasibility of obtaining
food proteins from single cell material grown on



hydrocarbon (petroleum or natural gas) or carbo-
hydrate. The special problems of continuous large
scale solid/liquid separation of protein precipitates
have very close analogies in the food industries and
the mechanism of precipitation of proteins especially
in relation to continuous operation is being followed
with interest since few detailed studies have been
made in these industries. It is important to us that
there should be close interactions of this kind with
other aspects of biochemical engineering because our
research goes hand in hand with a teaching pro-
gramme on all aspects of Biochemical Engineering
and it would be unfortunate if it became too biased
towards one area. Also, there is a danger that in an
effort to give enzyme technology the emphasis the
SRC believes it needs, other areas of biochemical
technology and engineering could be down-graded.

The second principal theme in our fundamental
studies concerns the simultaneous isolation of a
number of different enzymes from a single mass of
tissue. In the laboratory it is usual to isolate at one
time only one, or at the very most a very few, of
the thousand or so intracellular enzymes (that is,
enzymes found inside cells} and to discard the
remainder as purification proceeds. The same thing
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enzyme technology continued

figure 3 Enzyme Isolation Pilot Plant
at University College London

figure 4 Action of Penicillin Amidase
enzyme on Penicillin G

Diagramatic representation of the
enzyme deletion of the original side-
chain of penicillin G in an immobilised
enzyme reactor.

happens when enzymes are manufactured on an
industrial scale. The protein-dissolving enzymes used
in detergents are separated from the cells which
produce them and the cells are discarded. {The
separation is relatively simple in this case because
the enzymes are secreted by the cells which do not,
therefore, have to be broken up to release them.)
When intracellular enzymes are made industrially —
invertase, for example, which is used to convert cane-
sugar (sucrose) into invert sugar (a mixture of equal
amounts of glucose and fructose) — the process is
controlled so as to optimise the yield of a single
product.

In some instances this policy will remain the best,
such as when a particular enzyme can be stimulated
to a high level within the cell. However, this is not
often possible, and even when it is there may be
economic advantages in using the waste tissue as a
source of other enzymes. Their recovery may be more
attractive commercially if a number can be isolated
simultaneously. The costs will certainly not decline in
direct proportion to the number of enzymes simul-
taneously isolated, but the approach may be valuable
in some circumstances, just as continuous isolation
coupled to continuous culture may be in others.



As with continuous isolation we have chosen several
systems on which to test the concept of simultaneous
isolation. With Bakers’ Yeast we are beginning to
examine the isolation of a number of enzymes of
possible economic importance. Another system,
Escherichia coli, is perhaps the micro-organism which
has been studied in most detail, biochemically and
genetically. The enzymes from this bacterium are
therefore in great demand for detailed physico-
chemical study.

For our work, we have chosen a group of enzymes,
the aminoacyl-tRNA synthetases, which are of partic-
ular interest to molecular biologists, in view of their
central involvement in protein biosynthesis. The pro-
ject will have the useful second aim of providing
material for study by the team at the Cambridge
MRC laboratory with whom we are collaborating.
This group of enzymes is also a logical choice for
purely operational reasons in that the assays for the
20 enzymes of the group are closely related and
therefore particularly amenable to automation. Auto-
matic assaying will be essential for any process
which must keep track of a large number of different
products.

handling problems

The last material we plan to employ as a test material
for simultaneous isolation is human tissue. A joint
project with the Department of Human Genetics at
University College, on the isolation of enzymes from
red blood cells, made us aware of the difficulty of
obtaining human enzymes for detailed study and it
seemed probable that, in view of the scarcity of
human tissue, simultaneous isolation would be of
interest here. Feasibility studies are now in progress
with placentae, but a major obstacle in the large scale
processing of any human tissue is the occasional
presence of viruses.

This is an acute example of one feature of large-
scale isolation of enzymes — the need to take bio-
safety very seriously. We are fortunate in having the
collaboration of the staff of the London School of
Hygiene and Tropical Medicine in establishing a pro-
gramme of environmental hygiene and personnel
screening for our laboratory.

The third, and in many ways the culminative
theme, of the study concerns insolubilised enzyme
reactors. As already indicated, to be really useful
and industrially economic, enzymes should be re-
tained in some manner and if possible stabilised.
Laboratory studies of the immobilisation of enzymes
have been proceeding for over fifty years but only in
the last decade have reasonably well defined systems
been prepared. Three from among those prepared at
University College will serve as examples of the state
of knowledge and the potential interest of insolubil-
ised enzymes. Penicillin amidase is crucial in the
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synthesis of the newer semi-synthetic penicillins. It
removes the benzyl side-chain of the old penicillin to
permit the addition of a new synthetic side-chain
(see figure four). At present a whole organism con-
taining the enzyme is used but more effective con-
tro! and continuous operation would be possible with
an insolubilised enzyme reactor. The insolubilised
enzyme retains full activity at 37°C for 11 weeks
compared with a loss of activity by the free enzyme
of 656% in 3 days. Amyloglucosidase, is employed
industrially in the soluble form to convert starch to
a syrup containing a high proportion of glucose. The
insolubilised enzyme acts effectively on viscous solu-
tions and retains full activity for 100 hours at 55°C.
Again closer control and continuous operation would
be possible using a fixed enzyme reactor. Finally,
insolubilised B-galactosidase has been used to bring
about the continuous conversion of lactose to glucose
and galactose. The process may become industrially
important as a means of producing, from the large
amounts of lactose obtained as a by-product in butter
and cheese manufacture the more useful sugar
glucose.

In each of these studies laboratory or small pilot-
scale projects have been completed. The next phase
with single enzyme reactors is concerned with estab-
lishing their effectiveness in industrial pilot-scale
operation and where necessary modifying the support
material and associated systems to take account of
practical problems such as blockage by suspended
solids, microbial spoilage and poisoning by metals.
As in the case of large-scale enzyme isolation, there
is a dearth of basic biochemical engineering data
on these aspects which must be patiently remedied.
This part of the programme is also supported by
industry and by the NRDC.

The next phase of fundamental research will con-
cern reactors employing more than one insolubilised
enzyme. There is no reason why some of Nature's
bio-synthetic pathways should not be emulated but
perhaps more interesting is the possibility of com-
bining enzymes in new ways. A start has been made
on multi-enzyme systems with a reactor containing
two enzymes (pyruvate kinase and lactate dehydro-
genase) each enzyme being attached for convenience
to a separate sheet of cellulose.

Some processes involving insolubilised enzymes
have already gone beyond the laboratory stage. A
Japanese company is using a insolubilised enzyme
reactor to produce twenty tons a month of L-amino
acids, which are added to cereals to improve the
quality of their protein. In the US drug industry
antibiotic and steroid conversions are being under-
taken with similar reactors.

So the age of enzyme reactor technology has
begun. Against this background, the development of
British enzyme technology is a matter of some
urgency.
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European Space Research Organisation
which is one of the RSRS installations
at Stanley, Falkland Islands.
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beyond chinese

There are two universities in Hong Kong: the older
one is the University of Hong Kong, which was
established in 1911 on the foundation of the Hong
Kong College of Medicine, which goes back to 1887:
and the other is the Chinese University of Hong Kong
which was established in 1963 on the basis of three
existing colleges — Chung Chi College, New Asia
College and United College. Both universities are still
very small: in 1969/70 the University of Hong
Kong had 2,816 students and the Chinese University
of Hong Kong 2,215. By 1973/74 these figures are
expected to rise to 3,130 for the University of Hong
Kong and to 2,870 at the Chinese University of Hong
Kong.

The total population of Hong Kong is now about
four million of whom approximately 56% are under
25 years old: and the university population is there-
fore indeed a small one — admissions are about 12%
of secondary school lsavers and only about 0.5%
of the age group 18 to 21.

In theory the two universities serve slightly differ-
ent purposes which, again in theory, arise from a
doubled secondary school system. On the one hand
there is the Chinese Middle School system, adopted
from the mainland system in which, naturally, Chin-
ese is the language of instruction {and in which,
incidentally, there is only one year of Form Vi). A
large majority of all students is Cantonese-speaking:
and not all understand Mandarin well enough, in
which, at least at the Chinese University, much of the
instruction actually given in Chinese is likely to be.
Moreover the supply of University standard teachers
who speak Mandarin or Cantonese is limited: and in
practice a great deal — probably more than half —
of the CUHK teaching is in English. At the same time
in theory all, and in practice a majority, of the
students at CUHK have gone to the end of their
secondary school with Chinese as the language of
instruction: and this imposes a considerable burden
of English teaching right across the University for
the first two years (the basic course at The Chinese
University of Hong Kong is four years). The fact that
a similar across-the-board teaching of Chinese for the
first year is also necessary is perhaps significant.
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guest column

Mr. S. F. Bailey who is Secretary to the University Grants
Committee of Hong Kong was formerly a member of SRC
finance division. In this report from Hong Kong it appears
& that he is not the only SRC contribution to a research
grants programme that is, as yet, barely under way.

On the other hand there is the Anglo-Chinese
secondary system in which the medium of instruction
is English, and this is actually the larger of the two
school systems. The University of Hong Kong also
uses English as its medium of instruction and the
whole of its intake comes from this system. Even
so the general standard of English is often inadequate
and this University also has to do a great deal of
English teaching across its first year (the basic
course here is three years).

In strict theory the reverse was supposed to apply
too i.e. school leavers from the Anglo-Chinese system
went only to the University of Hong Kong. This
no longer applies and many Anglo-Chinese school
leavers now go to The Chinese University of Hong
Kong — in this year roughly 30% of their intake
did so.

a few faculties

With such a secondary system and what seems to be
less than satisfactory English teaching: with no
serious possibility of clearing the tertiary level wholly
in Chinese (either Cantonese or Mandarin) and with
one University wholly, and the other heavily, com-
mitted to teaching in English: then clearly University
problems here have a slightly different aspect before
so much as looking at standards, courses, academic
policies, research or anything else.

The Chinese University has only three Faculties —
Arts, Science and Commerce and Social Science. Its
campus is still being built. For the moment it has no
proper central teaching accommodation and uses
college accommodation, all of which is in varying
degrees inadequate. Worst of al! it has no central
science laboratories. The University of Hong Kong
has five Faculties — Arts, Social Science (which in-
ciudes a new Law Department), Science, Engineering
and Architecture, and Medicine. The three Engineer-
ing Departments (Electrical, Mechanical and Civil)
are not as well equipped as they might be, but are
improving their position as rapidly as funds allow.
The Science Departments are fairly well equipped



guest column continued

and set very respectable undergraduate standards.
The Medical School is a good one and relatively
large, with an intake of 120 undergraduate students
per year, which will rise to 150 per year in October
1970.

Both Universities are almost wholly undergraduate
institutions. In 1968/69 they had between them only
62 post-graduate Science students and 17 in Engin-
eering. This is not for lack of good teachers or of
able students. The trouble is there is no separate
organisation other than the University Grants Com-
mittee with a commitment to post-graduate work: and
the University Grants Committee, although far from
indifferent to post-graduate problems, has naturally
had to concentrate on the main tasks of assisting
both Universities to develop and actually getting the
new Chinese University built. We have no Social
Science Research Council, no Agricultural Research
Council, no Medical Research Council, no Natural
Environment Research Council and no Science Re-
search Council, not even the equivalent of a Depart-
ment of Scientific and Industrial Research. Moreover
the University Grants Committee system in Hong
Kong is not a weighted one and for all purposes —
including equipment — a post-graduate student counts
as one alongside an undergraduate student. Even if
Hong Kong were not a comparatively old-fashioned
laissez-faire society {which it is) the advocates of
research would therefore have an uphill job no
matter how orientated the research might be.

help from Atlas

Perhaps the most remarkable thing is that any gets
done at all: but nevertheless some is done. None of
it constitutes anything like a major programme, and
perhaps such a programme would in any case be
premature in Hong Kong. Quite the most interesting
scheme has nothing to do directly with research
although it will certainly radically affect further pros-
pects. This is the development of a Joint Universities
Central Computer project (just approved) under
which the two Universities will jointly own and
operate a central computer, with remote controls and
displays at each University. A good deal of helpful
advice on this has come from the U.K. University
Computer Board and from Dr. Howlett of the Atlas
Laboratory. The machine will be a middle-range
type, roughly equivalent to a CDC 3300.

A third set of remote controls has been reserved
for a Polytechnic now under planning and scheduled
to have an intake of 4000 day-time students in
1973/74 (| should perhaps explain that in addition
to being Secretary to the University Grants Commit-
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tee | am also a Member and Secretary of the Poly-
technic Planning Committee.) Both Universities
already have small machines — the University of
Horg Kong an IBM 1620 and The Chinese University
of Hong Kong an IBM 1130 — and the joint central
facility should enable them to tackle a range of work
which at the moment is out of the question.

The total number of post-graduate students at the
two Universities, including 39 in the two Schools of
Education, is 224 or approximately 4.4% of the
student body: and only 1.6% of the student body
are in Science and Technology. It seems a small
allowance for a country which has no physical
resources and is wholly dependent on its people.
But — and it is a large 'but’ — there is no organisa-
tion with a primary commitment to post-graduate and
research work. The University Grants Committee of
Hong Kong has its primary commitment to the
development of the Universities as a whole and it is
heavily, although by no means exclusively, concerned
with undergraduate development.

a brighter prospect

Hong Kong is a colony and, legally, entirely depend-
ent on the UK. In, for example, such matters as
air-transport, it counts as part of the UK: and it
would be nice if in addition it counted as part of the
UK for SRC grants. This is perhaps a bit unrealistic:
Britain has other and more pressing demands on her
resources, and Hong Kong is in monetary terms com-
paratively well off. The interesting question is not
whether SRC can provide research grants, but
whether Hong Kong by its own efforts can adapt the
general education system better to twentieth century
purposes. This is not just a matter of the Director
of Education leaping into action but of a large num-
ber of people coming to recognise, however vaguely,
that something needs changing: and that not all the
old ways are going to work for ever.

It may be that the principle lever for change will
(as some expect) be the development of the pro-
posed Polytechnic. If the present time-table is main-
tained it will in three years increase the numbers in
higher education {consisting at the moment of
students at the two Universities plus a small Tech-
nical College) from the present target for 1973/74
of 7,500 to 10,000. This may not sound very much:
but it can hardly fail to highlight problem areas at
the secondary level.

How well, or how far, this will work out remains
to be seen. [t should be possible to appoint a Director
of the Polytechnic within the next five or six months:
and some of the pattern should begin to appear in
about twelve months’ time. If so it might justify
another, and perhaps more exciting, report from
Hong Kong.



quest abroad—south

W. M. Burton

In South Australia staff from several SRC laboratories
are working on the Woomera range preparing experi-
ment payloads for ‘Skylark’ rockets.

The present launch campaign extends from March
to April 1970 and seven rockets are scheduled to
go up. They will carry payloads prepared by SRC
groups working at the Astrophysics Research Unit,
Cutham Laboratory and at the Royal Observatory,
Edinburgh as well as experiments from the Meteor-
ological Office and the Space Research Groups of
Leicester University and University College, London.

Each year there are three separate launch cam-
paigns, when a series of Skylark rockets are fired
during a two month period. SRC controls and plans
the research programme, while the British Aircraft
Corporation is responsible for firing the rockets from
the Woomera Range.

Several of the rockets will carry very complex
payloads which separate from the rocket motor when
all of the solid fuel propelient has been burnt and
then become stabilized in space, pointing very
accurately towards the sun or the moon as the
particular experiment requires. A typical Skylark pay-
load reaches an altitude of 120 miles and this allows
the experimenter just about three minutes of precious
observing time in which to study the universe un-
disturbed by the effects of the earth’s atmosphere
— a very short time in comparison with the years
required before to prepare the experiment and after-
wards to analyse all of the data obtained.

above is the Royal Observatory at the Cape of Good Hope
which will be celebrating its 150th anniversary later this
year.

below is a Skylark rocket payload under pre-flight tests
at the Woomera range (photo 1964).




quest abroad

they haven’‘t kept us
out of Europe

Besides contributing to CERN nuclear
research at Geneva and ESRO space
research at Kiruna, Sweden, SRC has
selected some pleasant spots for
astronomy. They are reported on in the
two articles which follow.

resort to ltaly
R. J. Dodd

The Monte Porzio outstation of the Royal Observatory
Edinburgh lies some fifteen miles south east of Rome
at an altitude of 1,200 ft. in the Alban Hills. To the
south of the observatory one looks towards the vine,
olive and pine covered hillside of Tusculum, an
ancient Etruscan settlement. The plain of Rome lies
northwards, and to east and west are the foothills of
the Abruzzi mountains, and the Mediterranean sea.

The outstation consists of two buildings in the
grounds of the Osservatorio Astronomico di Roma.
The main building, a circular structure, houses the
16/24 inch Schmidt telescope and offices, store-
rooms, a workshop, rest room, kitchen and bathrooms
for observers. A Michelson stellar interferometer is
housed in the other building, which has a run-off roof
to cover the instrument and a room for the control
electronics.

Weather conditions for astronomical observing are
much better in Monte Porzio than in Edinburgh. There
are far more clear nights and the seeing is much
better at the Italian outstation, which allows for
shorter exposures. Also the more southerly latitude
of Monte Porzio means that observing is possible
throughout the year. The climate is typically Mediter-
ranean with hot dry summers and warm wet winters,
though snow in the Alban Hills is not uncommon in
winter. Most observing is done during spring and
summer when the temperature permits working in
shirt sleeves.

There are three permanent members of staff at the
outstation. From time to time they are supplemented
by observers sent from ROE and occasionally by
research students from the Astronomy Department
of Edinburgh University.
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Richard Dodd is the Scientific Officer in charge of the
Schmidt telescope at the Monte Porzio outstation of
ROE shown above.

The Schmidt telescope is used both for direct
photography and for studies of stellar spectra; a great
variety of observing programmes are currently being
carried out with it. The quasar 3C 345 has been
monitored with a view to finding periodicities in its
light emission, the observations being processed with
the Elliott 4130 computer at the Royal Observatory
in Edinburgh. Some evidence of quasi-periodic out-
bursts has been obtained. Clusters of very young, hot
stars have been photographed with different combina-
tions of filters and photographic emulsions. It has
been found that such clusters are often surrounded
by dense shells of dust or smoke, which may be
primordial material expelled from the cluster by
pressure of radiation from the stars.

Work in the near infra-red is also carried out. A
topic of particular interest-has been a near-infra-red
survey of red giant and carbon stars in part of the
constellation Cygnus. This was a joint effort with
the Rome Observatory and made use both of our own
Schmidt camera and of a second Schmidt telescope
at Camp Imperatore in the Abruzzi. The results will
be published soon.

The Micheison interferometer is an instrument with
a base line of two metres for observations of the pole
star. It will be used to test methods of measuring,
electronically, the ‘seeing’ spectrum that is the
quality of a star’'s image after it has passed through
the atmosphere. Binary star observations are to be
made after the initial seeing experiments are com-
pleted and when the instrument has been mounted
on an altazimuth. These will yield new data on the
orbits and masses of such stars.



When | first started astronomy | never thought that
one day | would find myself walking across a moun-
tain snowfield to work a telescope belonging to the
Society of Jesus, but since June 1968 the RGO has
had regular use of such a telescope in the Sierra
Nevada in Spain.

The 12" telescope is in a small building at a
height of 8,700 feet some twenty miles from, and
over a mile above, Granada. Observations are made
with a photometer attached to the end of the tele-
scope, so, with the aid of a set of colour filters, the
magnitudes and colours of various celestial objects
can be determined. This type of work needs very
clear skies, for accuracies of the order of less than
1% are required and even very thin cloud can prevent
this. Conditions in Britain are not at all good for
photometry and it is hoped that a British observatory
will be established, probably near the Mediterranean,
where it will be a feasible proposition. In the mean-
time the Sierra Nevada site is being given a thorough
test in the course of a programme of photometric
observations.

The Sierra Nevada Observatory came into being a
few years ago when the Observatory, a Jesuit institu-
tion, at the University of Cartuja, Granada, decided
to take advantage of the road up from Granada to
the Pic de Valeta in the Sierra, which was being
extended. This road reaches 10,400 feet at the top.

The building, consisting of five rooms for living
and working and the dome itself, was built near the
road and within reach of a very isolated hotel. The
telescope was a gift from Georgetown University in
Washington, D.C., and was shipped by the US Navy
as part of its goodwill programme. By an agreement
between the Astronomer Royal and the Jesuits, the
RGO has helped in the provision of electric power
and other facilities, in return for time at the tele-
scope.

As most photometry can only be done with a dark
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spain under the stars

sky, there are only about seventeen days around new
moon which can be used each month. This has
shaped the present observing system whereby two
observers go out to Spain for these days. Flying to
Malaga, one drives the hundred miles to the Sierra,
to stay at the hotel near the telescope. Then each
clear evening, or as soon as the sky becomes clear,
one goes to the Dome. In summer, the trip from the
hotel is a car drive along the road and a walk of
100 feet upwards to the building itself. At 9,000
feet this is tiring.

In winter the whole area is thick with snow. This
means donning army arctic clothing, including long
woolly coms and hooded windjacket trimmed with
wolverine fur, plus ski boots and crampons, then
checking torch, compass and whistle and the snow
goggles for the morning. The route is a dark, cold and
tiring climb, which takes over half an hour and rises
500 feet. Night time temperatures can drop as low
as —20°C, and a major problem is the freezing of the
rotatable dome. When this happens the snow and ice
is cleared from the skirt of the dome by climbing
out on to a catwalk and hacking away with an ice axe.

At the dome observations are made until dawn
or until clouds arrive. The preliminary reductions
from the pen recorder output from the photometer
are sometimes made during the day. But clear skies
mean working all night and, especially in the summer,
night after night. Sleeping and resting then become
the main priorities.

Both the preliminary and the final computer re-
ductions to provide magnitudes and colours are made
at Herstmonceux. Work has been done already on
variable stars, Kapteyn Selected Areas, the estab-
lishment of standards, a systematic survey of some
nearby stars, and other subjects.

There are horror stories of belongings sliding over
the precipices, people being marooned by bad
weather, ‘agyppy tummy’ and trying to obtain equip-
ment in Granada at temperatures of over 100°, But
these are offset by the pleasure in actually doing
photometry, such a rare occurrence in England, a nice
climate, an interesting country and a holiday after-
wards in Spain or North Africa.

Picture above shows the
Sierra Nevada Observatory
in winter.

The picture on right is A. J.
Penny, a Scientific Officer
at RGO, who wrote the
article from on the spot.




people
and their
pastimes

Les Mitchell RSRS

In the last issue of Quest the story of Dave
Boffin told how a radio amateur could pro-
gress from a bed-spring to a sixty foot tower.
Now we tell how Les Mitchell uses the same
activity to extend another; and include some
suggestions on how to get ‘tuned in’ to this
world wide network.

‘CQ Jamboree! CQ Jamboree! . ..’

The first time that call came over the radio made a
day to remember for Les Mitchell. This special call
sign of Jamboree-on-the-air, known as JOTA, was
first heard eleven years ago.

Les Mitchell works on the office services side of
the Radio and Space Research Station. He has not
been ‘on the air’ there but he spends two hours
every Saturday morning as a radio amateur, trans-
mitting and receiving calls from his home on equip-
ment he has built for himself over some years. The
first hour is spent on messages for the boy scout
movement in the British Isles and the second for
Scouts in Europe.

war and friendship

During the war, Les Mitchell was a radio mechanic
in the Fleet Air Arm of the Royal Navy, stationed at
Lee-on-Solent. His interest in radio began there and
the recommencement of post war amateur trans-
mitting was a strong attraction, which led him to
become a qualified operator. At the same time Les
had continued to run a boy scout troop throughout
the war and when posted to USA, in 1942-43, he
became an assistant scoutmaster in Brunswick,
Maine, and in 1945-46 he ran a troop in Sydney,
Australia. He had always regarded the world scout
movement as a valuable contribution to international
friendship. It seemed especially important in war
time.

In the next ten years Les was an active radio
amateur while equally active in his support of scout-
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Les Mitchell with G3 EKL and two local scouts at Bland-
ford Camp in Dorset.

ing — becoming District Commissioner of Scouts
in the late 1950’s. He introduced radio as an activity
for his own scouts and ran several ‘radio’ camps at
Reading. Then in 1957, at the World Jamboree held
at Sutton Coldfield, he helped to set up a field radio
station to contact some of the millions of scouts
who could not travel to the jamboree.

This experiment raised such great enthusiasm that
Les decided to try a jamboree ‘on the air’ and in May
1958, as Honorary Organiser, he ran the first one.
So many scouts joined in that it was decided to make
it into an annual scouting activity to supplement the
meetings of the World Jamboree which are only held
every four years. Organisation on an international
level was passed to the Boy Scouts World Bureau
(in Geneva) and Les continued to be National Organ-
iser for Great Britain.

In this country there are about 8,000 licensed
radio amateurs. Many are pleased to show their
equipment to visitors or cooperate with organisa-
tions to provide transmitting facilities. Only
licensed radio amateurs may make transmissions
or speak through the microphone — to get a
licence one has to pass a City and Guilds Technical
Examination and the GPO morse code test. At this
point you are given a call sign — CQ G3 BHK identifies
Les. No technical qualifications are needed to become
a listener and anyone may tune in to radio amateurs
over a short wave radio receiver. Broadcasts are
made within bands of frequencies that spread from
just outside the medium wave up into the centimetre
wavelengths.

In some countries,

such as Australia, Norway



John Waters of 1st Edgware (Herons) scout group operating from
Baden-Powell House, London, assisted by Richard Farm, Venture
Scout of 3rd Harrow Weald.

and the United States, anyone can talk on the air,
as long as they keep within the strict rules of
broadcasting and use equipment operated by a
licence holder. The Governments of a few other
countries waive transmission restrictions especi-
ally for boy scouts and girl guides during the forty-
eight hour period of the JOTA so that groups of
people can make ’‘live’ voice to voice contact and
the organisation hopes to persuade more Govern-
ments to recognise the event in the same way.

yells into the ether

In 1967 the World Jamboree was held at Idaho,
USA, and as this was the year of the Diamond
Jubilee of Scouting and the tenth international jam-
boree-on-the-air, JOTA made special preparations.
Les discovered that idaho was not merely the other
side of the Atlantic, it was another 2,000 miles
beyond New York, so he asked a scout radio amateur
who worked for the BBC to help. As a result JOTA
transmitted through a special 700 foot long multi
band aerial that year and, instead of the usual search
round the wave band, immediate contacts were made
with ldaho, and with Australia, New Zealand and
stations all round the world. Like all good radio
operators, scouts try to make worthwhile contacts;
the number is not important. Last year for instance
Les and the Dorset Scouts (who were his local troop
before he moved nearer London) talked for thirty
minutes to ZL3BT in New Zealand and were taught
a camp fire yell in a mixture of Finnish and Swedish
by SMOXAE until they were word perfect.

The time spent on radio for scouts does not
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Liu Tak On of 5th Kowloon group,
Hong Kong.

end for Les with the annual JOTA. During the rest
of the year he has numerous letters to answer
or ‘pass on’. Sometimes he meets visitors from
abroad but regular operators can get to know their
contacts quite as well over the air. He has made
contact with Fr. Moran in Katmandu; Bill Pole-Evans
in the Falkland Islands; also operators in St. Helena,
Tasmania, Seychelles and other ‘out of the way’
places.

HV 3ST is unusual in that it comes from Vatican
City. An ex-scout commissioner from England, Robin
Paulson, at College in Rome has been assisting the
local operator Ed Amram to contact scouts. In the
USSR there are few amateurs and transmissions are
usually made from club stations. Les heard recently
that one operator there, contacted during JOTA, said
that he was a member of a youth organisation based
on the ideas of Baden-Powell. This is not known
‘officially’.

To anyone who wants to find out how to become
a radio amateur, Les recommends a radio club. There
is one in practically every large town in Great Britain.
They welcome new members and are always willing
to help beginners. Once you hold a licence, you may
operate by morse or voice or, on certain frequencies,
transmit TV pictures. Permission can be granted to
operate mobile from a car, sometimes from ships,
and certain countries allow amateurs to transmit
from aircraft.

On the subject of scouting Les is himself a good
ambassador. One of the chief aims of scouting is he
believes also true of radio operating: that is to pro-
vide a medium whereby people from anywhere in
the world may converse with freedom and on an
equal footing.



\\

column by ‘observer’

.

Have you noticed a tendency to-
wards Internationalism in this issue
of Quest? Just before the holiday
season seemed a good time to men-
tion some of the best of the resorts
where one may go for a change
entirely at Council expense. Booking
by rail, sea or air is done by your
friendly personnel office and first
class travel is awarded on merit. A
special bonus is the full itinerary and
plans on how to spend your stay
which you will receive—in good time
to save you the trouble of making
any plans of your own—from your
cheery Head of Section.

@ Even the least scientific must
have heard of Pythagoras but may
not know that his greatest success
lay with music (and we don’t mean
the song about the ‘right tri-angle’).

Pythagoras observed that the
strings of musical instruments de-
livered sounds of higher pitch as
they were made shorter and that the
pitch could be simply correlated with
length. He discovered that if one
string was twice the length of
another, it emitted a sound one
octave lower. If the ratio of the
strings were three to two the musical
interval called a fifth was produced
and if it was four to three the inter-
val was a fourth. Thanks to these
observations, the study of sound is
one branch of physics in which
Greek views have lasted into modern
times.

We found this in Asimov’s bio-
graphical encyclopaedia of Science
and Technology which contains brief
histories of over 1,000 scientists
from Thales {eclipses in 600 BC) to
Galileo to Hoyle. (There is a copy
in the LO Library).

@ A prize is offered for a short
treatise of not more than 100 words
in prose or verse on an invention to
make a new kind of sound. If that
is not in your line, we are also
interested in ideas on how to sup-
press some of the most annoying of
modern noises. The prize for the
winner will be a £1 record token
to spend on any favourite noise. We
hope that even the most modest will
expose their talent since you can
always pretend that you only did it
for the money.

@ A suggestion for study in a more
traditional field that seemed both
timely, for the present season, and
promising appeared in a recent RSRS
bulletin. We are duly grateful for
permission to reprint as follows:
Dear Sir, As our research programme
becomes more closely associated
with problems of a practical nature
| feel sure your readers will note
with interest the following extract
from a recent issue of Proc. IEE—
‘A noticeable reduction in noise pick-
up took place when gooseberry
bushes were removed from the front
of the test site.”

Now, Sir, there’'s a fruitful topic
for study! We know of course that
such vegetation is correlated with
one source of interference, having
a noise spectrum dominantly in the
audible range and exhibiting a diur-
nal variation with a maximum gener-
ally soon after midnight. But the
possibility that these sources might
possess a wider spectral output had
not occurred to us, and their charac-
teristics would seem to deserve
further study. So far as we can
determine, these sources are quite
inexpensive to produce and |I'm sure
there would be no shortage of staff
willing to assist in their construc-
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tion, with a view to observations
starting in the autumn. | propose to
raise this at the next progress review.
Yours hopefully—Volunteer.

. . . where all is revealed

Contrary to accepted practice and
the IPCS handbook, a senior member
of RSRS staff was found to be shar-
ing his office. If you are hoping for
revelations, nameless abominations,
etc. dont bother to read on. The
Senior member was not even aware
of his partner. It was a Cox and Box
arrangement and, curious paradox,
the unofficial inhabitant was dis-
covered only when he had no further
needs. In short, a rat had run its last
race and left the earthly remains in
the ducting to lie in cold obstruc-
tion and to rot.

This fact of death soon mani-
fested itself and a removal operation
was mounted. Next, to crush the
general cause of this particular com-
plaint, -the. Health authorities were
appeédled to and a man arrived. In
the best Holmesian tradition the ex-
pert spent little time dealing with the
obvious and almost at once occupied
himself with the seemingly irrelevant.
He went for a stroll round the out-
side of the building. Returning
shortly afterwards he pronounced —
‘A simple case: block up a hole over
by the boiler house and all will be
well’. He then left, presumably to
tackle more subtle problems worthy
of his steel.

It was all very impressive, so
much so that when this expert asks
the corporation for a rise it would
be as well for the Mayor to grant it.
He seemed to like serious music
whiIeAP working, no one saw him with
a rgdie but the sound of a flute or
ré¢order was heard. A funny old
tune it was — it seemed it might be
sort of German, fourteenth century.



Quest Quarterly Quote

Among the favourable Press com-
ments on GALAXY appeared the
following:

‘Senior Astrologer, Dr. Vincent
Reddish, said ‘At dawn yesterday
we made history”’." The newly
created grade, in place of SPSO,
caused more stir than the quotation
but, regretfully, we learn from official
sources that both are fictitious. There
were no predictions available for this
issue of ‘Quest’.

@® We think though that whoever
blue-pencilled ‘SPSO’ may have been
right in intention. Like the anony-
mous ‘public servant’, it might have
lacked impact beside news of a
breakthrough in automation in an
age of technology. Therefore we
suggest you ACT NOW. Let’s have
our own campaign, properly plac-
arded — with sit-ins, sit-downs and
the rest of the trimmings — for the
right of everyone to have a title that
befits their role in the Council. If
Fulton’s practical pattern of pay is
adopted heedlessly, we might even
get labets like CSD scale 1l — and
where’s the titillation in that?

Footnote: - pseudonyms are accept-
able on any contribution for ‘Quest’
providing that the identity of the
author is admitted to the Editor.

1]”

But what if it rains?

swinging space

If you transfer to London Office you
may find that there is actually no
room for you: not a room — any
room. With an eye to the minimum
standards laid down by the Brambell
Report, our man in the very middle *
has thrown out a few suggestions as
illustrated — thought out in no more
than the space allotted to one waste
paper basket.

Some valuable space is occupied
by those employed to consider the
problem, ye: they might do better to
move outside to get a broader view.
Around the London Office portion of
State House there is nothing for
miles except some pigeons and an
occasional helicopter. Finance divi-
sion, and we do understand this,
haven’t authorised even a very small
helicopter but there are other re-
sources. Window cleaners’ cradles
are nearly always vacant and every
window on the twelfth to fifteenth
floors is fitted with a ring to swing
from like the fairy in a pantomime —
though perhaps these are reserved
for future O and M inspections.
Obviously all of them are mere short
term solutions. Our ultimate answer
— which may be inexpensive in com-
parison with accommodation in Lon-
don, from what we hear, and cer-
tainly more interesting — is to take
the lead in being the first to move
into a Jumbo satellite.

* cartoons by Tony Treglown, LO

Oh rose

Do you suppose
That you were sent
To make me feel
That life is better
After all.

Nona

the human (? ) zoo

L]

4
B

0

. as long as they can stand up
and turn around it's humane.
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‘This is the lift speaking’



sports report

Even the most sporting may not realise that the SRC
Sports and Social Association is nearly four years
old.

It exists as a link between our own sports and
social clubs and the Civil Service Sports Council to
make sure that members’ subscriptions to the CSSC
are rebated to the various clubs in the correct pro-
portion. Its prime object, though, is to encourage
amateur sport and recreation in the SRC. Success
depends on your enthusiasm.

The annual sports day comes high on the list of fix-
tures. This is the chance for your local talent to prove
topdogmanship — so make a note that it will fall
on Wednesday, 1 July this year, at the CSSC Sports
Ground, Chiswick — and start practising!

Last year's visitors can tell you that there are
plenty of playing fields, hard and soft courts, chang-
ing rooms and showers at Chiswick for most sports
{and sexes) as well as a good bar and restaurant.
Even if you don’t shine on the turf, you can show off
your capacity for beer and darts (friendly) and the
strength of your shout (for your own team or anyone
else’s).

Work should not be brought and may be removed
at the door for this occasion demands concentration
and initiative as devoted to Lords and the World
Cup (not perhaps often associated with the office).
If local press gangs collect enough volunteers, the
contest will be decided by matches of tennis, cricket,
football, bowls, netball and athletics. Private en-
quiries have revealed that most of these go on in
most local clubs.

At Daresbury they manage to fit in almost
everything, including fishing and karate, and they
take on outsiders at football, table tennis and net-
ball in local leagues. In less than four years this
association has made great progress. It also runs a
club night, a film society, occasional dances and a
traditional Hot Pot supper.

The Clubhouse at Herstmonceux was built at the
Club’s own expense and caters for most indoor
sports, dancing and parties, and has its own bar.
They play cricket, hockey, tennis and Stoolball — a
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Enigmatic on the lawn she lies
Sunwarmed and black.
Unknowing bird pursues his search for food
Too near her paws.
She sleeps and pays no heed — apparently
— But then a flash
Of muscled movement swift and accurate.
The bird is dead.
Nona

traditional Sussex game. It might be described as
something between cricket and rounders, for lack of
space, but we think it merits a Quest article of its
own (over to you, Ed.).

To the usual choice of indoor and outdoor sports,
RSRS add motoring, bridge, photography, chess, bil-
liards and snooker, amateur radio and wine making.
The club bar is open at lunch time and on other
occasions when the need arises.

(With gallons of home brew, the hangovers must be
terrific, Ed).

Unexploded bombs found in a piece of land marked
off for a sports field have held up developments
planned by the Rutherford and Atlas laboratories
Recreational Society. Until the field is clear — all
clear — activities are limited for lack of a nearby
ground, but they do have football, cricket and putting.
The lunch hour chess club and darts league are well
supported (see opposite page).

For lack of space, the LO sports and social club
lost its club room but cricket, tennis, swimming and
skating, using hired facilities, are catered for. Some
go to the CSSC centre or belong to the Riding Club.
Support out of office hours is light because of the
wide selection of other activities but many join in
to make the Christmas Party a great success. The
lunch hour music society, which meets weekly to
play recordings chosen by each member in turn, has
totted up a score of 184 pieces by 78 composers
to date.

Another combined effort, Sports Day being one, is
the Curtis Bennett cricket competition, a tournament
held for the whole of the Civil Service plus ‘bodies’
like us. All local clubs are invited to lend of their best
for a SRC team of picked men — or eleven.

Evidently there are many ideas here on how to
fritter leisure. Another time we will collect some from
the outstations abroad who may even now be wishing
they had a chance to meet the home teams. The
SRC Sports and Social Association intends to en-
courage many combined activities between the SRC
clubs. It means to play the game of bringing parts of
SRC together — not as one but as a group of friendly
rivals.



newsfront

Rutherford
Laboratory
visited by
Minister

of State

Dr. Stafford (Director of Rutherford Laboratory), Mr. Gerry
Fowler M.P. (Minister of State for Education and Science)
and Dr. H. Lipman framed by a ring of neulron counters
used in the 1 8 experiment on C-violation in the three
pion meson decay. In the background is the large electro-

magnet in the gap of which can be seen the liquid
hydrogen target and an array of spark chambers.
Emphatic discussion. (below | to r) Dr. G. H. Stafford, Dr.
T. G. Pickavance, Mr. Gerry Fowler and Dr. L. C. W.
Hobbis.

checkmate

For the third year running, Bill Turner of the Applied
Physics Bubble Chamber Group, has won the Rutherford/
Atlas Chess Championship. He finished with a score of
8% points out of a possible 9, remaining unbeaten once
again.

Bill started playing at the age of 12 and by the ripe
old age of 14, was a member of the Sussex junior and
senior County teams. The same year, he became the
youngest competitor in the British Boys’ Championship,
held at Hastings, collecting on the way the Sussex Junior
Championship three years in succession.

After his National Service, during which time he played
for Somerset, he went up to Oxford in 1958. By his final
year he had worked his way up to Board 3 for the
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University and Board 4 for Oxfordshire.
players note — there are 50 boards in a County team —
Board 1 being top).

After graduating in Physics in 1961, Bill spent a year
in Chester, and of course, played for Cheshire, returning
to Oxford in 1962 and has regularly played for Oxford-
shire since then.

(Non chess

Bill confesses that these days he finds more
pleasure in badmington and has therefore slipped to
around Board 12 in the county team through lack of
competitive chess. However he enjoys lunch time chess,
finding this a good way of not losing touch. The twenty-
seven other competitors in this year’'s tournament may
have other ideas about his touch!



Professor Ford

‘Take overs can be a mistake unless there is adequate
technology to back up management’ Professor Ford told
London office staff. The Chairman of the new Engineering
Board was speaking of ‘the way ahead’ for engineering.

The dynamic situation that led to success depended
on good management and good technology which would
come better from within than from forming a merger. The
Engineering Board therefore saw the importance of pro-
viding first rate training for engineers who would enter
top management.

Professor Ford went on to describe how the Board
hoped to influence the pattern of training for postgraduate
engineers so that they would learn more of the importance
of time, money, management, design and manufacture.
This was how a real and living interface and industry
would develop.

In many cases the M.Sc. courses were too rigid and
academic for meeting the future needs of industry.
Creativity should be encouraged and, from this point of
view, the staff too needed to have a wide knowledge
of industrial needs.

The engineering board had been given responsibility for
the ‘non—R and D needs of Industry’. Professor Ford felt
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Daresbury
exhibit in
London

The intricacies of some apparatus used in high energy
physics experiments at the Daresbury Nuclear Physics
Laboratory being examined, in the picture above, by Mrs.
A. J. Peatfield, an EO in administration and local ‘Quest’
correspondent, and Mr. A. J. Wardle, an Exp O in the
Experimental Physics Group.

The ¥th scale model of the ‘photon tagging system’ has
been on view at the Physics Exhibition, London. The
equipment is used in conjunction with an extracted elec-
tron beam from the NINA accelerator to provide physicists
with high energy photons of known energy.

There were seven SRC exhibits at the exhibition from
both Daresbury and Rutherford Laboratories.

towards dynamism

however that this was an unfortunate title, although it
was difficult to think of a better one, and he offered a
bottle of champagne to anyone who could give it a more
promising name.*

In reply to questions, he said that university staff were
free to have their inventions developed by industry. If
this practise increased, as it should, some rules on share
out would be necessary. The Board would also have to
consider the situation that might arise if public funds
appeared to be helping one commercial firm in competi-
tion with another.

Asked if the Board placed any emphasis on social
needs, particularly for underdeveloped countries, Profes-
sor Ford said ‘no’ although the interplay of social res-
ponsibility, time, cost and technology were all a part of
real engineering. Many of these were covered in environ-
mental engineering — pylons, polution, smoke and noise
were a few examples — and the Board intended to look
closely at this field. However there might well be end
products of processes and research that would be of
particular help to developing countries.

* [We understand that this offer is still open to any fairy
godmothers who read ‘Quest’)



mexico 1970

A team from the Astrophysics Research Unit and the
Physics department of Imperial College London scored an
outstanding success with the payload they designed and
built for a rocket which was launched into the path of the
total solar eclipse that crossed Mexico on March 7.

Congratulations to Mr. D.
H. Sadler of the Royal
Greenwich Observatory who
has received an honorary
degree from the University
of Heidelberg. A DCSO
(special merit), he has
been granted special leave
of absence from his post of
Superintendent of the Naut-
ical Almanac Office to con-
tinue his own research and
to organise the 14th Gen-
eral Assembly of the Inter-
national Astronomical Union
at Brighton this year. For-
merly Mr. Sadler was
General Secretary of the
IAU, from 1958—-1964.

D. H. Sadler

The experiment, which fully exploited the event in order
to study the hot upper layer of the sun, was formulated
by an international team of scientists drawn from Harvard
College Observatory USA and York University, Toronto,
as well as the team from Great Britain.

The Aerobee 150 rocket was launched from the NASA
range at Wallops Island on the Virginian coast (about
150 miles from Washington) as the eclipse passed over
there. The payload included scientific instruments to
photograph the eclipse over a wide range of ultraviolet
wavelengths from 850 angstrom to 3000 angstrom, also
internal control and waterproofing systems to facilitate
its recovery from the sea afterwards. Sequential observa-
tions of the ultraviolet emissions of the chromosphere and
Corona were made as the moon passed over successive
layers of the sun.

Shown above is part of the first photograph to reach
this Country out of the many taken in the rocket. It shows
multiple overlapping images of the sun’s atmosphere
revealed during the eclipse. Each image is in a different
wavelength of ultraviolet light and shows hydrogen,
oxygen and ion at successively higher temperatures. ...

Another member of the
staff of the Astrophysics
Research Unit concerned
with rocket launched ex-
periments is Bill Burton,
shown on right. He is a
Senior Scientific Office en-
gaged in spectrographic
studies of the extreme ultra-
violet spectrum of the sun and other stars, carried out
by flying special optical instrumentation in stabilised
Skylark rockets which are launched from the Woomera
range in Australia. His account of the latest launchings
is on page 15.
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When the Commonwealth Observer — the first and
last of that line — arrived in England in 1956 to be-
come the eleventh Astronomer Royal, press reports
could only guess what his contribution to British
astronomy would be. Hopes were based, however,
on his considerable reputation for getting things done.

In sixteen years at the Mount Stromlo Observatory,
near Canberra in Australia, Dr. Richard Woolley,
FRS, had built up the Stellar Observatory as an
important centre for southern hemisphere observing,
he had persuaded the Ministry of the Interior (the
parent organisation) to finance a large, 74 inch tele-
scope — together with the Radcliffe 74 inch, this is
still the largest in the hemisphere — and as a final act
he had been instrumental in having the Observatory
handed over to the Australian National University.
Since the Government post — of Commonwealth
Astronomer — lapsed at the same time, he incident-
ally assured himself of no successor!

How he became the first holder of the post is
due, he says, to his tutor at Cambridge, Professor
Stratton, who fulfilled the true university function of
finding out the student’s potential and giving guid-
ance towards a career. Born in Dorset, later a pupil
at All Hallows School, Honiton, Devon, the future
astronomer then joined his family in Cape Town
(his mother was South African, his father a Pay-
master Rear Admiral in the Royal Navy) and took an
MSc in mathematics at the University. He gained his
next step by winning a scholarship to Cambridge
and the consequent approval of his uncle who
agreed to pay for his keep. At Caius College,
after hesitating between research and a tripos, he
took the mathematical tripos and was classed a
wrangler. He became Eddington’s pupil for his PhD.
Then, he says, encouraged by Professor Stratton's
advice, he turned to practical astronomy and spent an
absorbing two years at the Mount Wilson Observa-
tory as a Commonwealth Fund Fellow, followed by
his first post at the Royal Greenwich Observatory —
which was then at Greenwich.

As a chief assistant at Greenwich (1933-7) and
for two more years as a John Couch Adams astron-
omer and Eddington’s assistant at Cambridge, his
early work was concerned with the spectrum of the
sun’s outer layers. Some of this work appears in the
book ‘Eclipses of the Sun and Moon’ in which he
collaborated with Sir Frank Dysen (pub. 1937). Dur-
ing the second spell at Cambridge, it was again Pro-
fessor Stratton who encouraged him to take the
Australian appointment — ‘Commonwealth Astron-
omer’ — a new, and therefore untried, position. As
the stature of the appointment developed, he hopes
that Professor Stratton had some personal feelings
of satisfaction and was in some way repaid when he
lived to see his former pupil become Astronomer
Royal.

profile
Sir Richard Woolley, FRS
Astronomer Royal

When he took up this next appointment, the Royal
Greenwich Observatory was in the final stages of its
removal to Herstmonceux, to be further away from
the neon lights, the smoke and the polluted atmos-
phere of London. Proposed in 1939, and abandoned
when the year turned out to be so inauspicious, the
move was actually started in 1948. Early in 1956 the
all important telescopes were still at Greenwich but
were re-erected in their new domes at Herstmonceux
later that year. Within his first three years he had the
telescopes working on scheduled programmes. An-
other step which became identified with him but had
in fact been agreed to by the Lords of the Admiralty
(the parent department) was the decision to build the
large telescope. He was however entirely responsibie
for getting it out of committee (where it had been
for about ten years), and, together with Professors
P. M. S. Blackett, R. O. Redman and H. H. Plaskett,
deciding on the shape and scope of the 100 inch
‘Isaac Newton’ telescope in a commendably short
space of time. Inaugurated by the Queen in 1967 it
remains the largest telescope in Western Europe.

In the last decade the Observatory at Herstmon-
ceux has been developed in many directions: chiefly
as a research establishment, as a training centre
far young astronomers and, together with the linked
observatories in both hemispheres, as an important
scientific centre. These are undoubtedly his most
important, and most appreciated, achievements as its
director.

In the 1950’s the Observatory’s work was mainly
of a recording kind: measuring positions of stars for
almanacs (for both surface and air navigation), run-
ning the time service, and making geomagnetical and
meteorological observations. Without in any way



profile continued

cutting down or detracting from this work ({apart
from meteorology which has been taken elsewhere),
the greater part of the work in 1970 is research. As
a research establishment it has a new look unsus-
pected by people who decried the transfer to Herst-
monceux as a move to ‘recreate a nineteenth century
observatory’. (in fact, the castle dates back to the
fifteenth century and the science of astronomy has
at least three thousand years on record).

Links with the southern hemisphere were natural,
not so much due to his own background, but because
observing ‘down under’ gives the other side of the
picture — particularly for taking the positions of
southern stars, for the nautical almanac, and for
the study of the Magellanic Clouds — the galaxies
nearest to our own which are only visible from the
south. Overseas co-operation has been taken much
further too, with staff being sent to observatories all
round the world — to Mount Palomar (California)
and Egypt in particular, although the Egyptian 74
inch has been inaccessible for a few years, buried
under sandbags, as it is right in the Arab-Israeli
line of fire. At Herstmonceux there are always astron-
omers from abroad on working visits, at present from
Australia, the United States, Turkey and Spain. For
the Anglo-Australian 150 inch telescope, now under
construction on a mountain site in New South Wales,
he mounted a virtually solo campaign. The idea was
supported by Professor Bok and Dr. Eggen (who
took over from him at Mount Stromlo when it
became part of the university), but he initiated it and
conducted the demonstrations before learned bodies,
gaining the support of the Royal Society and, finally,
funds from the SRC who are sharing the cost with
the Australian Government.

Having no ambitions to be a teacher or to learn
by just listening, he believes in ‘training on the job’
and enjoys working beside young people. The asso-
ciation with the University of Sussex began from the
time the University — and its astronomy department
— opened (in the 1960's) and ever since there has
been a constant interchange of undergraduates, who
come to work at the Observatory, with post graduate
staff who go to the University. An eight week sum-
mer course brings in students from all over the
British Isles (the applicants outnumber the places).
Many of the scientists at the Observatory have been
‘talent spotted’ during such training — about 20 are
Sussex graduates. The success of the scheme is
indicated by the friendly atmosphere between people
who are obviously very involved with their work and
identify themselives with the aims of the Obse?vatory.

Although his abilities as a driving force have
meant a career in administration, Sir Richard (he
received a Knighthood in 1963) remains at heart and
in practice, a working astronomer — as witness his

office equipped with instruments for measuring
spectra, and many hours of night observing. It has
meant a constant struggle to make time for it—
where other people might have had to give up.

In Australia he admits to having been more of a
‘9 till 6" astronomer (or the night observing equiva-
lent — it was a stellar observatory) due to the lure of
the open spaces. It was quite usual to ride ten miles
for 4-5 sets of tennis and ride back on an Australian
horse which was, by British standards, unruly and
unbroken — he kept his own horses plus a few house
cows. Even in the English climate he finds time for
tennis and cricket (playing with colleagues) and
to look tanned and very fit.

Nevertheless his work in Australia led to one of
his most important books ‘The OQOuter Layers of a
Star’, published in 1953 in collaboration with Pro-
fessor D. W. N. Stibbs (now at St. Andrews Univer-
sity) and he has worked in most branches of
astronomy. At Herstmonceux he began with astro-
physics and has turned, more recently, to star
clusters — the motions of stars (galactic orbits) and
variable stars (R R Lyrae). His instigation of new
research for others has played an important part,
also encouragement of publication through the Ob-
servatory bulletins and other media, so that there is
an up to date record of their current research into the
movements of stars and the chemical composition
of stellar atmospheres.

This interest in the design of things is reflected
in an interest in the structure of music — and that
means music by Bach. Having rescored many pieces
for two pianos for himself and his wife to play (while
they were in Australia) he plays for the sheer
pleasure of Bach’s composition. A regular partner on
the two grand pianos in the castle’s ballroom is Mr.
H. F. Finch, a retired member of the staff, and
occasionally visiting astronomers.

From the amenities of the castle to the working
facilities of the domes and the auxiliary machines
(which include an ICT 1909 computer), the Herst-
monceux Observatory mirrors his constructive
achievement. Although it left Admiralty hands in
1965 to join SRC — a move he helped along, fore-
seeing that it would be easier to justify expense on
research to fellow scientists than it had been to the
buyers of naval frigates — the Observatory today has
the atmosphere of a vessel with a sense of direction
and urgency both at the helm and in the engine
room, but with all shipshape and Bristol fashion. It
is a very pleasant place for a visit — working or
social.

As an illustration of the position held here today
by the eleventh Astronomer Royal, that saying which
applied to the architect of the original Greenwich
Observatory is rather apt: ‘Si monumentum requiris,
circumspice’.



latest design

Following the new proposal for the 300 GeV Accelerator
— the ‘missing magnet’ design that could be set up along-
side the present accelerator at Meyrin in Switzerland — we
reprint below the editorial comment from the CERN
Courier. Their other comment was ‘let us hope that it
won’t be very long before we move from the present
extreme position where all the magnets are missing’.

The initial proposal was for an accelerator of 300
GeV with conventional combined-function magnets in
a ring of diameter 2.4km. Using separated-function
magnets an accelerator of 300 GeV could be built
in a ring of 1.8km diameter which couid later accom-
modate a superconducting accelerator of about 800
GeV.

The new proposal is that the project be started
with a tunnel of 1.8km diameter capable of accom-
modating a 300 GeV accelerator using existing tech-
niques but that initially only half the magnets be
installed. Such a magnet ring would permit a maxi-
mum energy of 150 GeV. Should superconducting
technology develop as hoped, the spaces could be
filled with superconducting magnets which would
permit a maximum energy of about 400 GeV. During
the installation, the disturbance to experimental
physics at 150 GeV would be minimal.

If the superconducting accelerator proved success-
ful then the original conventional magnets could be
removed, the whole ring filled with superconducting
magnets and the maximum energy taken to 800 GeV
or perhaps more.

On the other hand, should superconducting tech-
niques not be mastered, the ring could be filled up
with further conventional magnets at an additional
cost of about 60 million Swiss francs and the accel-
erator taken to 300 GeV.

In this way, physics at high energy could start as
early as is now possible with the future possibilities
of completing the project as a conventional acceler-
ator of 300 GeV or of conversion to an accelerator
with energy higher than any currently under con-
struction in the world and based on the most modern
technology.

The present impasse in the 300 GeV project is due
to the difficulty of selecting a site. At the same time
it is disturbing to the traditional unity of CERN that
only half the Member States (Austria, Beigium, Fed-
eral Republic of Germany, France, Italy, Switzerland)
have so far adopted a positive attitude towards the
project. The new proposal could possibly resolve
these difficulties. With a diameter of 1.8km, the
accelerator could be built not only on one of the
five sites previously under discussion, but also on
a site adjacent to CERN-Meyrin. There is sufficient
uninhabited ground on the opposite side of the
Geneva-St. Genis road to take such a ring and a long
ejected beam line. The ground is not ideal but ex-

perience in tunnnelling the ISR beam transport lines
indicates that it is practicable.

Such a possibility has been discussed before. The
construction of a machine in the range of 300 GeV
across the road from the existing Laboratory was
first proposed by C. A. Ramm on 13 April 1961. An
extension to higher energies using superconducting
techniques was referred to in a paper of G. Plass on
27 April 1961. The new potential of the missing
magnet design and the growing likelihood that pulsed
superconducting magnets will be mastered, open up
again the discussion of a site at CERN-Maeyrin.

Significant economies would then be possible in
the project by sharing development effort, overhead
costs and services with the existing Laboratory. The
conventional accelerator plus experimental facilities
would cost approximately 1100 MSF instead of 1431
MSF and there could be similar savings in the cost
of running the existing Laboratory. The personnel
complement, for example, could stabilize at 5,000
people instead of 7,400 in two separate Laboratories.
In subsequent exploitation of the research facilities,
the plateau budget could be 450 MSF instead of
600 MSF for two separate Laboratories.

from CERN Courier, April 1970

‘PRO 3754. Is that the exchange? Would you please give
me a ring five minutes before the occultation of Sirius
by Pluto.”

(This cartoon first appeared on Dec 28, 1938 and is
reproduced by kind permission of ‘Punch’).

astronomers meet

Alan Powell

The 14th Herstmonceux Conference is this year a
precursor to the 14th meeting of the General Assem-
bly of the International Astronomical Union, the
latter being the tri-annual event that will be held
at Brighton in August. The present Astronomer
Royal instituted this Conference in 1956 shortly



after being appointed to this position. Over the years
the popularity of the Conference has grown and a
pleasant tradition of events has emerged which are
now well established. My memories of the Confer-
ence go back to 1965. British weather being what it
is these must be tainted for they always seem to
have taken place in brilliant spring sunshine: plants
in the delightful Castle grounds bursting with re-
newed vigour after the winter. (However, the records
show that one year the Conference was held earlier
than usual and the Castle became snow-bound).

In spite of the idyllic setting of the Castle and its
grounds, serious discussions on astronomy do take
place. A particular topic is chosen each year to
engender interest in most of the British astronomical
establishments; thus this in an ideal opportunity for
British astronomers to meet and to compare notes.
Usually one or two eminent astronomers who are
experts in the chosen subject for the Conference are
invited from Europe. This year the topic was ‘The
Distances and Sizes of Cosmic Objects’. There were
over forty participants at the Conference most of
whom stayed in the Castle. Some came from places
as distant as Dublin and Aberdeen; in fact one hardy
traveller came from Edinburgh in a three-wheeler.

The Conference seemed to be a great success,
although maybe not so memorable as some in past
years. One senior delegate was heard to remark that
‘the establishment visitors have been replaced by the
long-haired ones’. | do not know that | would go
along with this sentiment as | feel there was a good
cross-section of both talent and age.

The first day was high-lighted by the invited dis-
course on stellar rings by the eminent European
astronomer, Professor Th. Schimdt-Kaler (Ruhr Uni-
versity). His thesis maintains that the rings are ellip-
soidal shells of equal size seen in projection on the
celestial sphere. The most convincing evidence for
their existence comes from their use as galactic
distance indicators; they delineate the spiral struc-
ture of our galaxy right into the centre. This struc-
ture is shown in more detail than by any of the
previous methods. Professor Schmidt-Kaler finished
with the remark that his work had not yet been
approved by the establishment. With this the Astron-
omer Royal on behalf of the establishment formally
accepted Professor Schmidt-Kaler’s thesis. Naturally

Dr. Alan Powell is a Senior
Scientific Officer at the

Royal Greenwich Observatory
engaged on research

into the chemical

composition of stars.

a very lively discussion followed which unfortunately
had to be curtailed so that adherence to the pro-
gramme could be maintained. The interest shown is
perhaps best illustrated by the fact that he was still
having discussions two hours after the end of the
Conference, when they had to be curtailed so that
he could meet other commitments.

In the afternoon Dr. J. S. Hey (formerly of Royal
Radar Establishment, Malvern) gave a fascinating
account of the history of radio astronomy. Dr. Hey
had been in at the beginning of radio astronomy
just after the war and was able to give a lucid
account interspersed with amusing anecdotes. The
audience was amazed at the sophisticated engineer-
ing of one of the earliest radio telescopes that was
built single-handed by Reber in 19339. With hind-
sight the delay in discovering the existence of radio
sources seems incredible, but ‘tout le monde est sage
aprés coup’ is perhaps a very apt comment here.

The evening was a kaleidoscope of social activity.
At the kind invitation of the Astronomer Royal and
Lady Woolley, the delegates and their wives enjoyed
cocktails before dinner and afterwards partook
of fruit and wine in the ornate Long Gallery. The
evening was rounded off with an informal piano
recital on two pianos given by Sir Richard Woolley
and Dr. Malcolm Longair of the Institute of
Theoretical Astronomy. Unfortunately throughout the
Conference Lady Woolley was indisposed: so too
was one of the speakers who was undergoing an
appendix operation. Gallantly Malicolm Longair and
Andrew Webster offered to fill the gap in the pro-
gramme (in the final twenty minutes of the Con-
ference) and gave a devastating and somewhat eso-
teric account of the current state of the theory of
X-ray background radiation. Also they presented a
theory which predicted both the observed X-Ray and
Radio background radiation, a subject which, so
far, has received little attention.

Although 1 have only mentioned three of the lec-
tures, this is by no means a reflection on the
remainder. In fact a lively and stimulating discussion
continued throughout the two days of the Conference,
and as the proceedings of the Conference will appear
later in the year in ‘The Observatory’ | have not
attempted to cover the Conference fully here. | will
just add an amusing remark made by a delegate in
one of the lighter moments, who said that the mag-
netic field played the same role in astronomy as sex
does in life!

Having organised the Conference this year | realise
how much the success of this annual event relies
on the hard work of the members of the scientific
and non-scientific staff, many of whom performed
functions outside their usual line of duty.

One hopes that this annual event will continue in
the future.



The following article on Expo 70 is illustrated by photographs

guest column

The guest writer is Dr. Paul Roberson, Deputy Chief
Intormation Officer at the Department of Education and
Science. He has recently returned from a visit to Japan
made to see how Science and Technology are presented
in Expos by Britain and other nations.

expo 70-science

The first problem that must face the designer of a
national exhibit in an Expo is to decide the purpose
of the Expo itself. The first international Expo of all,
the Great Exhibition of the Industry of all nations held
in 1851, was brought into being in an attempt to
show the world contemporary invention, design and
manufacture. More than 30 nations took part. The
aspect of good design appeared from time to time in
later International Expos, for example in Paris and in
Chicago, but more recently the character of Expo has
changed from a forum of good design into an exposi-
tion of national prestige, a presentation of the better
aspects of a nation’s way of life. As such, Expos are
now places where one nation can get an idea of the
progress, life, work and recreation of many others.

Inside this framework, the designer of a national
exhibit is faced with a number of constraints, the
most important being the sum of money made avail-
able to create the national exhibit and the amount of

taken by the Central Office of Information. Above is the communi-
cations display in the ‘Building for the Future’ section, designed
by Casson Conda and Partners.

space that this sum will purchase. Here it has to be
borne in mind that the space has to be furnished
at a standard compatible with national prestige and
arranged to accommodate the number of visitors
expected to pass through the exhibit, a function of
previous success.

For Expo ‘70 sufficient funds were made available
to acquire a site of 90,000 square feet and to furnish
it with a hanging pavilion covering some 27,000
square feet, the pavilion being designed in the form
of a Japanese house suspended from four vertical
steel structures. The total number of visitors to
Expo was estimated at 50,000,000 over the six
months of opening. This indicated to the designers
that between 5,000 and 6,000 people would pass
through Britain’s pavilion every hour. Hence at peak
periods each visitor might have about 20 minutes to
see the whole pavilion — five minutes in each of the
four main sections ~ a time function causing the



Two photographs of the ‘Progress for Mankind’ section
designed by Leslie Gooday and Associates.

On left a hostess and a visitor enter a representation of
the core of the Dounreay fast breeder reactor.

designers, along with many others, to adopt an
‘Information on the move’ philosophy. The ‘stand and
stare’ philosophy can only be adopted by those
nations able to afford huge pavilions or by those
expecting to attract few visitors. These design res-
traints obviously control selection, deployment and
presentation of exhibits from the long list put for-
ward to cover education and aspects of the work
of the Research Councils, of particular interest to
the Japanese. it was decided by the designers to
present all exhibits so that the rapidly moving hordes
could gain impressions as they passed by.

The opening section, ‘Britain’s Heritage’ contained
references to major scientific achievements such as
Harvey's discovery of the circulation of the blood,
the initial discoveries of antisepsis, penicillin and
Vitamin B 12 accompanied by exhibits showing the
range of British inventions and discoveries ie from
Faraday’'s work on induction to television, from
Stevenson’s ‘Rocket’” to the Jet engine and the
Hovercraft and from pioneer work on navigational
instruments, particularly the chronometer, to the
first non-stop crossing of the Atlantic.

Radio astronomy was depicted by dioramas of
the Chilbolton steerable aerial of the SRC Radio and

COl photos

Picture above shows North Sea gas display (1) and the
Harwell freezing method of desalination (r).

Space Research Station and the new Jkm aerial
array at the Mullard Laboratory, Cambridge.

Medical research was shown in a metal sculpture
of the cell animated to show its basic functions,
followed by a convoluted structure some 30ft. long
by 17ft. high representing a myoglobin molecule. Into
this structure were inserted very simple presenta-
tions representing research into genetic diseases,
antibiotics, lysozyme viruses and interferon and
immunology.

Agricultural research was represented by a num-
ber of dioramas showing engineering developments
to mechanise harvesting and automatic control of
tractors, biological control of pests by the intro-
duction of predators, work on animal breeding and
genetics, blood stock improvement and artificial
insemination. Other exhibits showed bacterial con-
version of hydro-carbons into proteins, production of
better plants by breeding or chemical control, soil
physics and the optimised use of fertilisers.

The work of the Natural Environment Research
Council was restricted to displays showing the oper-
ation of GLORIA, the uitra high powered sonar device
used for obtaining pictures of the deep ocean floor,
the development and exploitation of natural resources



under the sea and the development of oceanographic
instruments such as the Clover Leaf Buoy.

In view of the density and habit of the audience,
it was necessary to display these exhibits in a simple
form with very little caption material so that a quick
impression of Britain's scientific effort could be
obtained as the audience passed rapidly by.

The Russians with a total of half a million square
feet of display space deait with the centenary of
Lenin’s birth, their education, services and the devel-
opment of their culture and their territories. They
obviously had a large section on Space, but their
only reference to pure science was a display of
scientific instruments and simple displays showing
the fields of scientific endeavour where they had
initiated certain pieces of work — for example Men-
deleef and the periodic table.

In another giant pavilion, the US air supported
plastic dome, the main exhibit on the technical side,
was related to the moon landings and in this area
the only scientific exhibit related to actual samples
of moon rock. They did devote some space how-
ever to an artistic exhibit based on the use of lasers.

The French pavilion contained a substantial area
devoted to the work of the National Centre for
Scientific Research with a series of exhibits at quite
a high level on for example, oceanography, molecular
biology and immunology. The exhibition contained
a number of very good films, including ones on
mathematics, electron micrography and molecular
biology.

The Australian pavilion had concentrated its ex-

Picture shows (from [ to r)
Time, Industrial Archae-
ology and Science displays
in the British Heritage
section designed by Charles
Munro and Associates.

CO! photo.

hibits on either side of an underground exhibition
tube through which the audiences were carried on a
travelator. On either side of this tube exhibits of
highlights of Australian scientific work were dis-
played together with other aspects of Australian
life. The work shown included anthropology, brain
research and vision, viruses and immune reactions,
soil science, meteorology and radio and optical
astronomy — Parkes and the 150 inch Anglo-Austra-
lian telescope, the British end of which is admin-
istered by the SRC.

Within the first few days of its life, the British
pavilion fulfilled the expectations of the organisers
— the Central Office of Information —in that it was
a popular exhibit. From opening to closing time
there was a constant stream of visitors, mainly
Japanese, passing through the pavilion some-
times four or five abreast. Very little of what
was shown really stopped the majority, but they
were obviously intrigued by exhibits from Britain
showing the great contrast between the organisation
of industrial life in this country and Japan and by
our efforts to conserve our environment. Common-
place scenes of green fields, countryside, seashores,
ancient buildings, wild life and flowers caused con-
siderable astonishment to a people to whom these
things seem completely unfamiliar.
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March. All the Research Councils have recently
arranged that each is free to send a senior asses-
sor to meetings of the others at any time. The
Chairman specially invited the other Councils to be
represented at the March meeting when the agenda
included a discussion of scientific manpower, and
in particular postgraduate training appropriate to the
needs of industry, and the numbers of postgraduate
students in relation to the numbers needed as future
university teachers and the numbers needed at the
first degree stage for industry. Sir Gordon Cox,
Secretary of the ARC, Dr. J. A. B. Gray, Secretary
of the MRC, Mr. R. J. H. Beverton, Secretary of
the NERC and Mr. D. Allen of the SSRC attended
and all contributed to a valuable discussion, which
will be taken further later in the year when the Gov-
ernment’s plans for university expansion are known
and later statistics are available on the employment
of scientists and engineers.

The assessors from the other Research Councils
also joined in a discussion of the broader aspects
of future policy raised in the Chairman’s Nottingham
lecture on ‘Science in Universities’. The latest form
of the proposal for a European laboratory for mole-
cular biology was next discussed. In the light of
reactions from the UK and other countries this had
been considerably scaled down by its proposers, and
the first objectives had been somewhat modified to
give special emphasis to the development of methods
and instrumentation. The Council viewed this re-
vised proposal more favourably than the original one.

April. The first main item before the April meeting
was the five-year forward look programme for 1971—
1976, which was discussed and agreed. This is an
expanding programme, taking account of the expec-
ted increase of about 7% pa overall in university
numbers in the next quinquennium. It proposes a 5%
pa increase in studentships and a 3% increase in
staff at SRC laboratories, including provision of staff
for the proposed high flux beam reactor. it remains to
be seen of course how much of the expansion the
Government will authorise.

After the Forward Look, eight large research grants
recommended by the Science Board were then fully
considered and approved, the largest being a grant
of up to £370,000 over 5 years to the Oxford enzyme
group (Chairman Professor R. E. Richards) for re-

search on the structure and function of enzymes of
the glycolytic pathway. The major part of this grant
is for an ultra high field NMR spectrometer, the first
of its kind in Europe. Another Science Board item
was the approval for a powerful national facility for
synchrotran radiation at Daresbury, using ultra violet
radiation from NINA, but without interference with
the nuclear physics experiments. This is a revised
and extended version of the proposal which was
approved in principle in July 1969. The capital cost
will now be £270,000.

The Council then turned to a review of the three
large proposed items on the Nuclear Physics Board's
domestic programme — a large computer at the
Rutherford Laboratory, the high field bubbie chamber
and the nuclear structure facility. The first two of
these were submitted for approval, and although the
nuclear structure facility was not yet ready to be
submitted for approval, Professor Wilkinson empha-
sised that the Board gave it equal priority. The com-
puter, costing about £3% million will be used for
other work besides that arising directly at the Ruther-
ford Laboratory. The high field bubble chamber, cost-
ing about £33 million will be used at CERN. The
Council approved these projects subject to the NP
Board accommodating also the nuclear structure
facility, and possible UK accession to a new CERN
300 GeV accelerator, within the present financial
pattern.

May. The May meeting was held at the Royal Green-
wich Observatory, Herstmonceux, with a tour of the
Observatory on the previous day. At the beginning
of the meeting, Dr. Pickavance outlined the new
CERN proposal for a substitute for the 300 GeV
accelerator; more economical but capable of more
development, and small enough to site alongside the
present CERN laboratory. The Council greatly wel-
comed this development, which appears to re-open
the possibility of UK participation.

The next item was the proposed high-flux beam
reactor, put forward as a purely SRC project now
that the Ministry of Technology has withdrawn, and
at an estimated £19 million capital and £4% million
pa operating cost the most expensive project which
the Council has ever considered. The scientific case
was presented by Professor E. W. J. Mitchell, Chair-
man of the Physics Committee and of the Neutron
Beam Research Committee and the technical status
of the project was reported by Or. Pickavance,
Chairman of the working party on this aspect. After
a full discussion the Council autharised the appoint-
ment of a project leader and staff, to develop the
proposals and the reactor design to the stage where
costed proposals could be submitted for considera-
tion.

The Council next approved five research grants



recommended by the Engineering Board, the largest
being a grant of up to £131,000 over 3 years to
Professor R. W. H. Sargeant, ICST, for the develop-
ment of on-line estimation and control of industrial
processes. The new appointments to Boards to be
made next October were approved, as was the for-
mation of a Transport Committee of the Engineer-
ing Board.

Finally, the Council discussed in detail the issues
which will arise at the forthcoming Ministerial meet-
ing of the European Space Conference, concerning
the future organisation and conduct of European
space research.

the new biology

What are we all but music,
Chords of time and oscillations
Mostly harmonised but sometimes
In disorder — is each one

An extended variation?

Nona

international conference at Brighton

The International Astronomical Union is to hold its
14th General Assembly at Brighton this year from
August 18 to 27. This is the second to be held in the
United Kingdom, the first was the second assembly
held at Cambridge in 1925. The eighth (in 1955)
was held in Dublin.

The hosts will be the Brighton Corporation, the
University of Sussex and the Royal Society (which
is the body through which the UK belongs to the
IAU). The officers of the National Organising Com-
mittee are:

President: HRH Prince Philip, Duke of Edinburgh.
Chairman: Professor Sir Bernard Lovell FRS, Director
of the Nuffield Radio Astronomy Laboratories {Jodrell
Bank) and a council member of the SRC.

Chairman of Finance and Policy Committee: Profes-
sor R. J. Taylor, University of Sussex.

Chairman of Local Organising Committee: Mr. D. H.
Sadler, Superintendent of the Nautical Almanac
Office at the Royal Greenwich Observatory. (He was
a previous General Secretary of the IAU from 1958
to 1964).

The SRC has given Mr. Sadler leave of absence
frorn his normal duties and has seconded Mr. R. C.
Pepperell — Rutherford Laboratory Conference Organ-
iser — to act as an administrator. Although it is not
one of the host institutions, the SRC is very much
involved both in the organisation and in participating
— there will be about 300 astronomers attending the
assembly from the Observatories, other SRC estab-
lishments and from universities. Also the RGO will
be providing many services and has undertaken to
invite all the participants (2,500-3,000 are expected)
to make afternoon tours of the Royal Greenwich
Observatory, including tea.

The IAU General Assemblies are usually held
every three vyears. Their purpose is to provide
meetings of IAU Commissions and to give astrono-

mers from different countries a chance to meet each
other for informal discussions. This year the two
important ‘invited discourses’ wiil be on pulsars —
with A. Hewish (UK) and V. L. Ginzburg (USSR) as
speakers — and on galactic spiral structure — with
B. J. Bok and C. C. Lin speaking (both from USA).
There will also be a special scientific meeting on a
topical subject — the scientific results obtained from
the exploration of the Moon! In addition the various
Commissions will hold up to 150 separate meetings
and there will be several joint discussions on astro-
nomical subjects — all to be fitted in in the space of
ten days.

The IAU itself is one of the scientific unions
federated in the International Council of Scientific
Unions (ICSU). It was founded in 1919 with the
primary aims of encouraging international coopera-
tion in the field of astronomy, furthering the study
of astronomy and safeguarding its interests. It is
one of the very few international organisations that
has individual membership but without payment of
individual dues. The membership is about 2,000
(from 50 countries) and it tends to increase by about
a third at each general assembly. Professor Otto
Heckman of Germany is the current President and
Dr. Lubos Perek of Czechoslovakia is General Secre-
tary. The AU is directed by the elected executive
committee but most of its scientific work is con-
centrated in the Commissions — there are about 40
of these.

The members are also given a chance to meet on
a cultural and social level. At this year's Assembly
events will include tours and excursions on Saturday
and Sunday, a concert of British music by the Royal
Philharmonic Orchestra and a recital of Sir William
Herschel’s organ concertos by Lady (Susi) Jeans,
the organist, who is also the widow of the distin-
guished astronomer Sir James Jeans.



eclipse
1970

Paul Dickinson

An account of the launching in Nova Scotia, during the
solar eclipse, of the rocket-borne experiments prepared by
the Radio and Space Research Station, represented on the
spot by Tony Hall and Paul Dickinson who writes:

It was rather a special eclipse. Not every eclipse has
the moon so near the earth that an observer can see
totality for over two minutes. Very few indeed con-
veniently go on display all up the eastern seaboard of
the USA which is rather well supplied with labora-
tories, observatories, people, and even one or two
rocket ranges. Many of these were perfectly placed
within the eighty mile wide path of totality. Even
less probably in Nova Scotia, where the centre of
the totality path was precisely along the south coast
and where a second total eclipse will pass over the
same place only two years later. The paths coincide
where the latitude happens to equal that of the iono-
spheric observatory at Ottawa.

The sun is ‘switched off’ every night, but so slowly
that many of the more rapid ionospheric processes
cannot be observed. In an eclipse the sun is switched
off much more rapidly. One can measure how the
ionosphere follows the sudden drop in the sun’s
brightness, and measure the ’‘sluggishness’ of the
ionosphere.

The Canadians, through their National Research
Council decided to contribute to the world pro-
gramme of observations of this eclipse by flying
four rockets to measure the ionisation in the D and E
regions of the ionosphere, and to try to relate this to
the sun’s brightness. They invited us to contribute
experiments to measure solar intensity at wavelengths
relevant in the D region, namely the far ultra-violet
(Hydrogen Lyman alpha at 1216A) and the X-Ray
spectrum {1.5 to 10A).

We had about six months in which to prepare
the experiments for eclipse day 7th March 1970.
Some development work was needed mainly to get
the extra sensitivity to measure a very obscured sun.
Integration checks took three weeks in January in
Winnipeg. There Tony Hall discovered the signifi-
cance of what Canadian meteorologists call the Chill
Factor. This is a sort of negative cold bonus. The
temperature outside may be —40°, but if there is
a wind your bones may inform you that it is —60°C.
The chill factor is 20°!

| had no idea what to expect in Nova Scotia. The
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map shows the south coast to be basically a straight
line running WSW to ENE, but drawn by someone
with advanced delirium tremens. Having seen the
coastline | can now vouch for the sobriety of the
cartographer, although the mapping could well have
driven him to drink. The coast is a mass of bays,
islands, estuaries, rocks, lakes and harbours. Each
feature is itself tortuously indented and each inden-
tation has rocky protruberances and so ad infinitum
(knobbly barnacles on the rocks?).

Pine forest extends to the water's edge, more
exactly to the edge of the sea ice. This extended
about a mile offshore in places, when we arrived,
but receded rapidly during the fortnight that we
were there. Being salt ice it didn't thaw like civilised
ice, which is either there, and hard, or not there, and
wet. Instead it went to a white pulp which was a
realistic imitation of ice until you tried to walk on
it . ... Not quite Richmond ice rink.

We arrived on February 23rd at Halifax airport
and were driven in a gentle blizzard, a large station
waggon and a series of graceful skids, seventy miles
eastwards along the tortuous marine highway to
Sheet Harbour. We stayed in an historic hotel (any-
thing over 100 years old is historic in Canada),
founded in c. 1860 by one Theobald Conrod, and
now owned by Frazer Beaver. (Beaver may be named
after the rodent, but Conrod . . .?) At the hotel Tony
was able to demonstrate his virtuosity in audio fre-
quency modulation, on the electric organ belonging
to Mr. Beaver.

The rockets were to be launched from a temporary
launch site established at East Quoddy, about twelve
miles East of Sheet Harbour, on a spit of land called
Smith’s Point. Everything happened on Smith’s
Point. The four launchers were at the seaward end,
while the entrance gate at the north end was barely
600 yards away. In between were the rocket store,
the meteorologists accoutrements for balloon sonde
launching, tracking and wind analysis for impact
prediction, then there were trailers for the triplicated
telemetry receivers, the experimenters, and the range
safety officer, and for the ground transmitters for Dr.
Belrose's experiment, complete with four 100 foot
masts carrying his square array of dipole transmitting
aerials. Lastly there was a trailer referred to as the

The writer, Dr. Paul Dickinson
(seen left) is a Senior
Scientific Officer in an RSRS
research group at present
engaged in rocket-borne ex-
periments to measure ionising
influences in the upper atmos-
phere.




‘Guard Van’ from which trespassers could be re-
pelled from the site and in which we, the press or
others could be briefed, harangued, or fed as the
case might be.

The objectives were to fire one rocket 75 minutes
before totality, in full sun, and then to fire the other
three in quite rapid succession, at totality, at totality
plus 2 minutes and at totality plus 8 minutes. Since
each rocket would be in the air for about 6 minutes
we would have two rockets in the air at once, for
several minutes. This meant that the last three
rockets needed separate telemetry frequencies.
Hence the triplicated receivers.

immediately on arrival at the range Tony and |
had to check out all twelve experiments (Lyman
Alpha, X-Ray and Solar aspect experiments, four
times each). A few long days and all our experi-
ments were checked, fitted to the payloads, and
working.

The rockets were Canadian Black Brant |l
vehicles, single stage, 10’' diameter, solid fuel, each
launched off a separate rail type launcher. They were
spin stabilised by virtue of canted fins, but were
despun from 8 to less than 1 rev. per second shortly
before the clamshell nosecone was ejected. Release
of the nosecone exposed our sensors to the sun, and
allowed deployment of the Langmuir Probes which
Dr. McNamara, the chief experimenter, was flying
to measure electron and ion densities. The nosecone
also had to come off to make Dr. Belrose’'s experi-
ment work, as only then could his receiver detect
the RF pulses from the ground station, and measure
differential absorption. If those clamshells refused
to open, the mission would be a write off, so we
were interested to see what held them on. It was a
short stainless steel hawser, the same multistrand
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The photograph shows the solar corona as recorded
from above the earth’s atmosphere during the eclipse
of March 1970. The corona is seen in 1216A wave-
length radiation scattered from coronal atomic hydro-
gen. (The localised bright regions on the photograph
are formed by overlapping images in spectral lines
near to 1216A.)

This observation was made from an Aerobee 150
rocket launched from Wallops Island which carried instru-
ments prepared by the Astrophysics Research Unit in
collaboration with other groups in the UK, USA and
Canada (as reported in Quest, April 1970).

high tensile wire that is used in a yacht's rigging.
This held the two halves together and was to be cut
by an explosive chopper. | visualised the mess that
wire would make of an ordinary chopper but tried
to share the Canadians’ confidence that the very
opaque stainless steel shells closed over our precious
experiments would deploy when the clockwork
timer, started by the thump of launch, had counted
off 45 seconds to the appointed time.

The payloads were not to be recovered after
flight, so all our data was to be obtained from the
radio telemetry link, using IRIG on frequencies
around 250 MHz.

Six days before the eclipse there was the first of
the planned dummy count-downs. In this operation
everything was done except the pressing of the
firing buttons. In fact a few artificial catastrophes
were put in. The mains electricity supply failed, and
we switched to the two diesel generators for auxiliary
power {(there was also a spare diesel generator!).
We had a surprise as we were told that our experi-
ments were drawing double the expected current on
two rockets. Perspiration. Feverish checking of our
signals. We found no fault in them. Then we realised
that both the rockets affected were sharing one
ground power supply. It was the meter not the cur-
rent that was wrong. The Canadians changed their
meter, and we breathed again.

The dummy run was so successful that no more
were required. This was just as well, because the
Sheet Harbour disease struck almost the entire crew.
We English were spared, and the reader will be
spared details.

We next suffered ordeal by visitors, with the
NRC’s own photographers making a comprehensive
cine record, followed by the Press, and then by the
CBC radio coverage, with tape recorders, interviews
and short dummy count-downs ad nauseam.

The day of the eclipse was a long day. The launch
team were on site at 0200 hrs. We were on site at
0500 hrs. The count-down went on, about an hour
ahead of schedule. Two things could stop the firings,
either high winds, or ships in the target area. There



was no wind but eight ships, with about three hours
in which to get rid of them. The lobster fishermen
were obliging and stopped to fish just outside the
danger zone. The Russian trawler obediently steamed
radially away from the predicted point of impact.
The American ship’s radio operator appeared to be
having his coffee break, and they steamed radially
towards the impact point, where they would arrive
just as we were due to fire our first at 1343 hrs.
Fortunately they heard us at 1200 hrs and got out
fast.

We had cameras ready to photograph the spec-
tacular solar corona at totality, and to take progres-
sive shots of the occulting disc. We had worked out
that one needs a x 10,000 filter to photograph the
sun itself, and we had one at the ready. Relentlessly
during the morning the sky clouded over and was
opaque just in time to obscure the occulting sun
completely. This meant we could concentrate on
photographing the rockets (and on monitoring our
experiments!). Our efforts were rewarded.

The rockets all went off with split second accur-
acy. The clamshells worked . . . everything worked.
Even the eclipse was on time. Although obscured
by cloud the rapidity of darkening during the final
minute is most impressive, and one can well under-
stand the fear produced among primitive peoples.

After the eclipse was over there was a marked
‘rosy glow’ particularly over East Quoddy. It is not
normal for a rocket flight to be perfect. Four essen-
tially perfect flights are worth celebrating. This we
did, at lunch next day in the Guard Van, with Crack-
ling Rosé wine and 80 (Eighty) lobsters between 30
of us. They were cooked for us by the nearest local
inhabitant {who lived 20 vyards away!) by name
Byron Publicover, and with a name like that, no
wonder he could cook lobsters.

experiment

Intricate tracery of shape and glass,
Or metal finely tuned and
chatting lights,
Endowed with beauty born of
function.
Which secrets to you hold
and which will yield
To benefit mankind or cause him itl?
And will he use them wisely —
is he now
Adult in knowledge,
childish still in wisdom?

Nona
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one o’'clock shock

‘You remind me of the incident of the clock and time-gun
in Egypt. The man in charge of the time-gun fired it by
the clock; and the man in charge of the clock set it
right by the time-gun’.

A. S. EDDINGTON: ‘Space, Time and Gravitation’, p.3

Bill Napier

Edinburgh’s Royal Observatory prides itself on being
a most up-to-date establishment responsible for all
sorts of innovations such as the GALAXY machine.
The truth is, there is a skeleton in the cupboard, in
the form of an antiquated Edinburgh tradition: the
daily firing of the one o'clock gun. Nervous citizens
have protested down the years, but this time-gun
still shakes the city every day at 1 p.m. It is fired
from the battlements of Edinburgh Castle, situated
on a high escarpment dominating the city and there-
fore well placed to maximise the blast.

Although now a mere relic from the past, regula-
tion of the time-gun was once a prime function of
the Observatory. The link dates back to the mid-
nineteenth century, when commerce in the city found
itself increasingly hampered by the lack of accurate
time-keeping. For navigational purposes, shipping
interests also required a daily time check. In 1855
Edinburgh Chamber of Commerce attempted to meet
this need by erecting a time-ball next to the Observa-
tory which at that time was situated on Calton Hill
at the East end of Princes Street.

The experiment was not a success. In bad weather
the ball was invisible from the Firth of Forth, and in
high winds the Observatory staff lacked the courage
to raise the heavy ball on its column. And so there
arose the idea of a time-gun, as recorded in the
Proceedings of the Royal Observatory, 1861: ‘The
electrical time-ball, daily worked by the Observatory
has given rise amongst the citizens of Edinburgh to
a desire to have its visible manifestations supple-
mented by an audible signal, in the shape of a
cannon in the Edinburgh Castle, to be fired by elec-
trical signal from the Observatory. This desire has
not only manifested itseif at the meetings of public
commercial companies, but also in the collection of
so large a subscription to pay for the expenses of
the connecting wire, and the gunpowder, that Her
Majesty’s Government have been pleased to enter-
tain the proposal to some extent, and experiments
were lately made by the military in the Castle, as
to the best size of gun, charge of powder, and
general position.’

Eventually a 24-pounder cannon was chosen. Con-



The Firing of the Time Gun 1861 and . . .
1961 (photo below by courtesy of Scotsman Publications)
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Dr. Bill Napier is a Senior
Scientific Officer engaged
in stellar atmospheres and
close binaries.

nection between Observatory and cannon was by
means of a steel wire which carried in one gigantic
span from Nelson’s Monument {on Calton Hill} to
the Castle. For its time this was a remarkable engin-
eering feat. The wire was 0.2 inches in diameter
and weighed 3 cwt.; it stretched 4,020 ft. in a caten-
ary with a central dip of 155 ft.

A trigger mechanism fired the cannon automatic-
ally. In spite of its Heath-Robinson appearance (see
illustration) it could boast an accuracy of 0.1 sec-
onds. Nowadays the gun is regulated by a crystal
clock giving electronic pulses accurate to five milli-
seconds, but since hand firing has replaced the
automatic trigger, the precision has deteriorated to
=+ 5 seconds.

Daily firings of the gun, synchronised with the
falling of the time-ball, began officially on June 7th
1861, and created quite a stir amongst the local
population. The Proceedings of 1862 record :

‘From the Royal Observatory, Edinburgh, we hear
of the usual round of official duties performed. The
first and most prominent of these consists of the
double system of time-signals, the visible and
audible, which are kept up daily from the two chief
hills of the city, under the electronic control of the
Observatory and the interested surveillance of the
citizens, but with a decided bias in favour of the
“’gun’’ over the “‘ball’".’

The ‘double system of time-signals’ was beset
by many troubles over the years. The fuses did not
always ignite the gunpowder: snow or high winds
broke electric cables; and only eight months after
the official inception of the time-gun, a flash of light-
ning magnetised clocks in Castle and Observatory
and set fire to Nelson’s Monument.

The useful lifetime of the one o'clock gun was
rather brief: electric clocks, connected at first to the
Royal Observatory, were to supersede the time-gun
within a generation. Eventually the introduction of
radio was to remove all necessity for direct con-
nection between the Observatory and town clocks.
However the daily firing has become an institution
and it earns dollars. Edinburgh’s gun is likely to
thunder its contempt for the nervous for many years
to come.



home
brewing
Alan Dobbins

‘Genius of Health, thy grateful taste
Rivals the Cup of Love

And warms each English generous Breast
With Liberty and Love’

from Hogarth’s engraving Beer Street.

If you are in favour of an increase in your pros-
perous presence — read on. But if you want to keep
your coat buttoned and your prosperity in the bank —
don’tl Alan Dobbins’ major pastime — and, incident-
ally, he helps to look after the finances of SRC as the
Head of Finance Il at London Office — has taken him
through the money saving (sic) stage, followed by
the purchase of big time equipment to the haven
where he has a cellarful of his own home brew —
some tens of gallons of wines, beers and liqueurs.
He has other spare time interests but we thought this
one would appeal most to some Quest readers,
particularly the members of the wine circle at RSRS.

One good reason for starting home wine making
is that for an imbiber, it is perhaps the only accept-
able alternative to buying drinks which always seem
to fall in the top tax bracket. Then in wine making,
the brewing of beer can play an important part — for
to achieve a mature wine of two years’ vintage, one
may well need another thirst quencher to get through
the waiting period! Whatever the motive, the number
of home brewers is certainly on the increase and
so is the circulation of the amateurs’ wine making
journal, and the number of books published — though
not all of these are very reliable or helpful. The
ingredient for wines and beers are now to be found
in many more shops, together with a splendid array
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people and their pastimes

of both simple and more complicated aids and
equipment.

The only equipment needed to brew the first gallon
is a one gallon jar or plastic bucket, three feet of
polythene or rubber tubing, a piece of polythene
sheet to cover the containers, a rubber band to hold
down the sheet and the .courage to start the whole
chain reaction. For after the first success you are
almost sure to be hooked, and you will then be able
to consider using thermometers, hydrometers, wine-
ometers and what-have-you-ometers, and a wide
range of additives — rated as essential by some and
as pure science fiction by others — as tools to help
man in his struggle with nature and natural pro-
cesses.

Perhaps it is easiest to start by assembling the
basic items, buying a tin or jar of concentrated grape
juice (for the kind of wine you fancy) or a can of
hopped malt and then just following the instructions
on the label — these amount to little more than add-
ing water. If the results are pleasing, then is the time
to think about trying more intricate recipes and
buying specialised equipment.

At a more advanced stage, even if you use the
gadgets only as an occasional check to prove that
the specific gravity of the brew is what you think it
is, their very presence may help to persuade some
cynical would-be samplers that the product is the
real thing. When they ask for yours again in prefer-
ence to, say, whisky or gin — you know that they
think it's good or that perhaps they have some
ulterior motive.

To help in making his beverages Alan has built
a corner unit in the kitchen with a lid instead of a
door, which hides — in a 19in. by 14in. space — nine
one-galion high-density polythene jars of liquid fer-
menting at room temperature. NB — before altering
the kitchen, be sure that your wife is prepared to
let you have it all to yourself occasionally, remem-
bering that drinking needs to be backed up by replen-
ishment in regular batches because home brewed beer
is best not stored for too long. With practice it can
take less than an hour to prepare a new lot of two
gallons and to rack and bottle the previous batch.
Most of Alan’s wine is made from various types and
makes of concentrated grape juice {largely bought
at discount in six gallon lots). The rest is a wide
miscellany including low cost and seasonal fruits,
such as pear and banana — the bananas acquired
‘black’ at 6d. a |Ib from a local greengrocer who was
delighted to find a buyer. One neighbour gave 14 Ibs
of hard pears which soon became soft enough to
transform.



Wine can be prepared in large, medium or small
quantities (one gallon and five gallon containers are
generally easily available and most convenient) so
it takes its place as a less demanding hobby. A
consumption of three botties a week by the family —
there are four teenage children — and their visitors
requires a total stock of about 50 gallons if one aims
at a two year maturing p