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frequency voltages are available, the machine is at 
present being operated with a 'peak' dee voltage of 
6·5 kV. corresponding to a power input to the 
oscillator of about 14 kW. 

The D,C, biasing voltages for the dee, condenser 
and stub are l ·2, l ·0 and 3 ·0 kV. respectively for 
most satisfactory operation. 

The modulation frequency used is 110 cycles per 
second. The mean beam current is more than 
1 microampere, but no serious attempt has so far 
been made to increase the output of the cydotron 
beyond this current-. 

Extraction of the Beam 

The prnton beam has been extracted by using the 
'peeler-regenerator' system of Tuck and Teng1 and 
developed by Le Couteur•, who laid down rigid 
conditions for successful extraction. A note by 
Crewe and Le Couteur is being published in the 
Review of Scientific Instruments and a full account 
will shonly bo published by Le Couteur, Cr~we and 
Gregory in the Proceedings of the Royal Society. 

The beam is extracted from the cyclotron by 
building up the amplitude of radial oscillations with
out introducing excessive vertical instability. This 
is realized by introducing two magnetic discon
tinuities at the 69-in. radius of the cyclotron and at 
68° apart. 

The radial oscillations, which build up exponen
tially with the number of transits of the beam 
through the magnetic extraction system, cause an 
increase in the separation of successive orbit~. 
Eventually, after about fifteen turns, the _orbit 
separation is sufficient to allow the beam to Jump 
1 in. into the mouth of a magnetic channel. This 
consists of pairs of steel bars arranged side by side. 
At the entra.nce the gap between them is O ·5 in. and 
their thickness is 0 ·25 in. The centre of the channel 
mout-h is at the 72-in. radius. The reduced field in 
the channel allows the protons to pass out of the 
main field of tho magnet. 

The effects of the channel, peeler and regenerator 
on the median plane had to be compensated f<?r 
by the introduction of additional magnetic 
materia-1. 

After adjustments of the components, a~d by 
centralizing the median plane by by-passmg a 
fraction of the current through one of the magnet 
coils and also using the optimum total magn_et 
current, it was found that 10 per cent of the cir
culating beam entered the channel. After travellmg 
down the 6-ft. channel, tho beam emerging from the 
cyclotron amounts to 3 per cent of the circulating 
beam over an area of 1 ½ in. square. 

With a circulating beam of 1 microampere, a~ 
extracted beam of protons of 383 Mo V. energy 1s 
available in the experimental room at a current ~f 
3 x 10-2 microampere. About 70 per cent of t_h1s 
beam has been focused on to an area of 0 ·5 sq. m., 
at a distance of 20 ft. from the focusing magne~, 
giving a flux of 4 x 1010 protons/cm.2/sec. This is 
larger than that of any other similar machine by a 
factor of at least 1,000. 

Neutrons having energies between 200 and 400 
MeV. are available. 

Provision is made for the extraction from the tank 
of pion beams having energies of 150 MeV. and 
96 MeV. + 

The normal flux of the extracted 96 MeV. n: and 
96 MeV. n:- particles is 20/cm. 2/sec. and 100/cm.•/sec. 

respectively. A quadrupole focusing magnet is being 
constructed to increase these intensities. 

96 MeV. n;+ particles can be produced by the 
external proton beam with a flux of about 5 X 

103 /cm. 2/sec. 
1 Tuck. ,T. L., and Teng, L. C., Institute of Nuclear Studies, 170-in. 

Synchrocyclotron Report, III (Chicago, 1950). 
• Le C'outeur, K. J., Proc. Phys. Soc., B, 64, 1073 (1951); 66, 25 (1953), 
3 MacKerizie, K. R., Phys. Rev., 74, 104 (1948). 
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Research Associations 

T HE formation during th~ y_ear of the British Steel 
Castings Research Association and of the ~esearch 

Association for the Chalk Lime Industry brmgs_ the 
total of research associations in Britain to th1rty
seven, while there are also four co-operative industrial 
research organizations which have not yet reached 
that status. The British Steel Castmgs Research 
Association, which is supported by 74 ·5 per cent of 
an industry with a turnover of £25 m_illion <;>f carbon-, 
low-alloy and high-alloy steel castmgs, 1s ~o con· 
struct a fully-equipped foundry experimental 
station and its block grant of £15,000 per annum 
for fiv~ years from April 1, 195~, is conditi<?nal on 
£30,000 being received from mdustry, with an 
additional £100 for each £100 from mdustry up to a, 

maximum of £10,000. Work already being carr~ed 
out includes studies of the influence of mouldmg 
materials upon the incidence of hot-tearing, or local 
rupture of a steel casting while still at hi_gh tem
perature, the adherence of sand to_ steel castmgs, the 
development of improved and srmphfied forms of 
non-destructive testing, and of the dust-flow charac
teristics of the swing-frame grinding machin_es used 
in steel foundries, which have led to a dev1~e pro
viding a simple but effective means of controlh~~ th:e 
dust from them. Research on the causes ?f s~l100s1s 
further supported the view that polymenza~10n_ of 
silicic acid at critical hydrogen 10n concentrat10n is a 
major factor in the growth of silicotic tissue. 

New terms of grant were offered to ten resei:i,~ch 
associations during the year. Those for the Bnt1sh 
Flour Millers' Research Association- a block grant 
of £20,000 per year for five years, conditional_ '?"pon 
receiving £30,000 from the industry, with an addit10nal 
£7 5 for every £ 100 received from industry up to a 
maximum of £3, 7 50--embody a return. to normal 
conditions of grant in place of the special arrange
ments made during the Second World War, when the 
Association's activities were taken under control by 
the Ministry of ]food. Work during t~e year has 
included further investigation of the chemical changes 
induced in flour by the oxidizing agents used ~s 
improvers and by atmospheric oxygen._ A systematic 
investigation of the effects of vanation m te~pe~ature 
of wheat passing on to tho_first bre~k rolls md1cated 
a considerable advantage m warmmg the wheat to 
100- 110° F. immediately before the first break and 
then cooling the resulting ground stock be~ore _further 
treatment. A study of inhibitors of ge~m_nat10n and 
seedling growth occurring naturally md1cates that 

• Continued from p. 965. 
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extracts from oats are more active than those from 
wheat. 

The overall effect of the Advisory Council's recom
mendations for the remaining nine research associa
tions is to raise by about 40 per cent the minimum 
income which they are required to raise from their 
industries to qualify for grant and to reduce the 
block grant by about 20 per cent, the aggregate of 
the additional grants for which they can qualify 
being also slightly reduced. Thus, the British Cast 
Iron Research Association, for the five years from 
July I, 1954, will receive a block grant of £40,000 
p er annum, conditional on receiving £100,000 from 
industry, and an additional £80 for each further £100 
from industry up to a maximum of £16,000. Appar
atus has been constructed for applying the vacuum 
heating method to determine hydrogen in cast iron, 
and work has continued on defects arising from the 
vitreous enamelling of iron castings and also on the 
effect of under-stressing on the fatigue properties of 
nodular cast iron. A correlation has been obtained 
between the percentage of cracked castings and the 
amount of enamelled scrap included in the cupola 
charges, while further work has shown that the 
fluidity of hypo-eutectic cast iron increases with 
carbon equivalent for a fixed pouring temperature. 

The British Coke R esearch Association, which will 
now receive a block grant for £20,000 per annum 
conditional on obtaining £60,000 from industry, with 
.a further £50 for every £100 from industry up to a 
maximum of £20,000, continued its fundamental 
studies of coke formation, the nature of coking coal 
and the reactivity of carbon, which have now estab
lished that the primary structure of coke and 
'amorphous' carbons has two principal components : 
minute graphite layers, which m ay be present singly 
or in clusters of para llel but randomly orientated 
layers ; and unorganized carbon atoms or amorphous 
carbon which, on X-ray examination, shows no 
extended regular arrangement. Investigations also 
continued on the influence of the chemical and 
physical properties of coke, on its performance in the 
blast furnace, and on the standardization of tests for 
the efficiency of coke-oven plant equipment. An 
improved method for determining naphthalene in 
coke-oven gas has been developed, and in South 
Wales a survey of the thermal and material balance 
of a blast furnace under normal operating conditions 
initiated a study of the wide range of problems 
concerned with the use of coke in blast furnaces. 

For the period April 1, 1956, to March 31, 1959, 
the British Hat and Allied F eltmakcrs Research 
Association will receive a block grant of £9,000 per 
annum, conditional on receiving £12,000 from 
industry, with up to a further £5,000 on a cent p er 
cent basis. Fundamental research on rabbit fur and 
the carrotting process and on the physical character
istics of shellac in relation to the proofing process 
continued, and progress has also been made in the 
complex and difficult problem of assessing the 
different types of damage to wool nails and their 
relation to the behaviour of the noils in processing, 
as well as in the study of the physical properties of 
felt. The fundamental studies of carrotting have led 
to mathematical equations relating the degree of 
carrotting to the composition of the liquor and to the 
amount of liquor applied to the fur, for both mercuric 
and non-mercuric-carrotting agents, which have 
already found industrial application. From July 1, 
1957, until June 30, 1959, the Hosiery and Allied 
Trades Research Association will receive a block 

grant of £20,000 per annum, condit ional on obtaining 
£40,000 from industry, with up to a further £8,000 
on a cent per cent basis. During the year the 
Association's consulting service has afforded sub
stantial savings to the industry, and among its wide 
range of technological investigations, excellent pro
gress has been made in eliminating the variations 
in dimensions and quality of knitted fabrics and 
garments. Good results were obtained in factory 
trials of the Association's enzyme method of removing 
'seeds' from cotton, and deta iled studies of the 
bending and torsional properties of hosiery yarns and 
of yarn friction are in progress. 

The Lace Research Association will receive a block 
grant of £12,000 per annum for the p eriod January 1, 
1956, to December 31, 1958, conditional on receiving 
£15,000 from industry, with up to a further £5,000 
on a cent per cent basis. The Association's textile 
testing work increased, and there was a 30 per cent 
increase in the rate at which m embers submitted 
problems. A study of the mechanical motions of the 
lace machine was inaugurated, and much time was 
given to the investigation of the physical properties of 
the yarns made from new fibres. Steady progress was 
made in the improvem ent of 'Lacra' lubricant, and 
different grades have been developed to suit varia
tions in the gauge and type of machines in the 
industry. For the period October 1, 1957, tu 
September 30, 1959, the British Launderers' Research 
Association will receive a block grant of £12,000, 
conditional on obtaining £25,000 from industry, with 
up to a further £10,000 on a cent per cent basis. 
Studies of dirt removal and redeposition were 
extended to include the relation of fabric composition 
and construction to dirt removal and redeposition. 
A rapid small-scale m ethod was devised for the 
extraction and estimation of grease which has proved 
satisfactory for use in the textile industry , and work 
on the effect of alkalinity on the behaviour of wash 
liquors has led to the development of a recommended 
process for wool washing. Other work has included 
trials of '<lipless' washing machines, the washing of 
rayon colours, and problems arising out of the use of 
fluorescent blues or 'optical brighteners' in domestic 
washing powders and the staining of crease-resistant 
or embossed finishes by albuminous material. 

The Research Association of British Rubber 
Manufacturers, which during the y ear completed its 
removal from Croydon to Shawbury, near Shrews
bury, will receive a block grant of £17,000 per annum 
for the p eriod January 1, 1954, to December 31, 
1955, conditional on obtaining £30,000 from industry, 
with up to a further £13,000 on a cent per cent basis. 
The terms will be further modified for the following 
three y ears. In fundamental studies on flow charac
t eristics, with special reference to the high rates of 
deformation which occur in factory processes, 
unexpected features have been found which may 
explain the behaviour of rubber during extrusion 
from a die. Fundamental work on the mechanism of 
reinforcement has brought an explanation of this 
baffling phenomenon in sight, while the investigations 
on deterioration or ageing of vulcanized rubber by 
a tmospheric oxidation, concerned particularly with 
the powerful aggravating effects of metals such as 
copper and also with the action of 'sequestering 
agents ' intended to render these metals hannless, are 
building up a picture of the complex chemical 
reactions involved in oxidation and its prevention. 
A start has been made with operational research, or 
more sp ecifically, productivit y surveys of the basic 
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operations of masticating and mixing unvulcanized 
rubber, which represents an annual expenditure of 
some £3 million in Great Britain, and, with a grant 
from Conditional Aid funds, the Association is 
preparing a series of technical manuals presenting the 
results of its work. The four projected will deal with 
compounding vulcanized natural and synthetic rub
bers ; electrically conductive and anti-static rubbers ; 
ebonite ; and chemical analysis and testing of rubber 
and raw materials used in rubber manufacture. 

For the five years from April 1, 1954, the British 
Shipbuilding R esearch Association will receive a 
bloc~ ~rant of £40,000 p er annum conditional upon 
obtammg £120,000 from industry, with an additional 
£100 for each £300 from industry up to a maximum 
of £10,000. A comprehensive series of tests, covering 
both propulsion and resistance, in ship-model testing
tanks on a range of models of ocean-going m erchant 
ship forms has provided data leading to improve
ments in hulls, propellers and all ship/propeller com
binations. Reliable data have also been secured for 
the first time about the resistance of a full-size ship, 
and considerable savings in steel as well as improve
ments in the construction of the ship have resulted 
from the work of the Association's structure-testing 
establishment at Glengarnock. 

It has seemed appropriate to select for mention the 
work of the research associations the terms of grant 
of which have been reviewed during the year, so that 
an indication can be given of their contribution to 
the national welfare in response to these grants. Of 
the work of the remaining research associations, 
reference can only be made here to a few points of 
interest. Thus, the British Baking Industries Research 
Association has extended its work on the mechanism 
of crumb-softening action, the effectiveness of acetic 
and propionic acids as inhibitors of rope in bread, 
and, in collaboration with the Medical Research 
Council, the Ministry of Food and the British Flour 
Millers' Research Association, on the effect of flour 
and bread improvers on the health of the consumer. 
The British Cotton Industry Research Association 
has continued work in the field of productivity and 
on blends of various textile fibres to produce ya rns 
and cloths with specific predetermined properties. 
The British Electrical and Allied Industries Research 
Association is still extending its network analyser, 
and its dispersion meter has found a new and valuable 
use in determining the completeness of the drying of 
transformers and cables during manufacture. A 
three-year survey of the incidence of fires in wiring 
installations is complete, and three full-scale models 
of its all-electric dryer for grass and grain are in use 
on farms ; fundamental research on ferroelectrics 
has revealed the presence of both ferroelectric and 
anti-ferroelectric properties at different temperatures 
in single crystals of a niobate. The sources of 
germanium in Britain for semi-conductor devices was 
also surveyed. The British Non-Ferrous Metals 
Research Association reports that the investigation on 
melting copper alloys is now paying dividends : with 
the improved linings, several hundred melts of 
phosphorus-deoxidized copper can be carried out in 
place of fifty without relining the furnace. A simple 
treatment has been developed by which the corrosion 
resistance of copper alloys used in heat exchangers 
may be very considerably increased, and investi
gation of the conditions for producing lead of suitable 
and stable grain-size may lead to the more efficient 
use of lead for water pipes. The Wool Industries 
Research Association has developed a chroma.to-

graphic method of analysis for lanthionine, and has 
designed an automatic controller for the woollen card 
as well as carried out much work on the effect of 
high-temperature dyeing on woollen fibres and the 
setting of individual fibres and their reactions to 
changes in relative humidity. 

The immensely varied contribution to industrial 
advance and national welfare which the Department 
of Scientific and Industrial Research is making, either 
directly through its own research stations or indirectly 
through the research associations, or its support of 
fundamental research at the universities, is amply 
displayed in this report. Although it is apparent also 
that in terms of spending power the increased 
estimates provide for very little real expansion, it is 
no less clear that every care should be taken to see 
that those limited resources are spent on objectives 
that are unlikely to be achieved without government 
support. The annual report does not supply all the 
information required for a sound judgment on this 
aspect ; but it goes a · long way towards answering 
some essential questions and indicating others to 
which reasoned answers should be required. 

ANTOINE-FRANCOIS DE 
FOURCROY (1755-1809) 

By W. A. SMEATON 
Northern Polytechnic, London, N.7 

ANTOINE-FRANQOIS DE FOURCROY, who 
was born in Paris on June 15, 1755, did not 

achieve lasting fame as an experimental chemist or 
the founder of a theory; but as a teacher, writer and 
organizer he was in the first rank, and made a valuable 
contribution to the progress of science during his 
lifetime. 

His father was a pharmacist, and he was born 
without the advantages of wealth and influence. As 
a boy he was not brilliant, and after leaving the 
College d'Harcourt at the age of fourteen, with no 
definite plans for his career, he worked for several 
years as a clerk, continuing his education by reading 
widely in several languages. He became interested 
in medicine, and was fortunate in attracting the 
attention of Felix Vicq d'Azyr, the anatomist, who 
supported and encouraged him while he studied at 
the Ecoles de Medecine. Fourcroy's student years 
were spent in poverty ; he lodged in a garret, and 
lived by coaching younger students and translating 
foreign medical works. 

While still a student, Fourcroy decided to make 
his career in scientific research and teaching, rather 
than medical practice, and he soon showed great 
ability. His first chemical memoir was read to the 
Academy of Sciences in 1777, three years before he 
graduated, and in 1779 he gave his first course of 
lectures, on chemistry and natural history, in J.-B.-M. 
Bucquet's laboratory at the Ecoles de Medecine. 
Fourcroy had already established a considerable 
reputation when Bucquet died in 1780, aged thirty
four ; but he was unable to succeed him as professor 
because the members of the Faculte de Medecine 
disapproved of his association with Vicq d'Azyr, the 
secretary of the Societe Royale de Medecine, which 
was in many ways the rival of the Faculte. Four
croy's progress was not, however, retarded. His 
chemical lectures continued to be popular, and in 


	DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH*
	REPORT FOR 1953–54
	Research Associations



