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COUNCIL FOR BRITISH 
ARCH/EOLOGY

THE inter-war period 1919-39, now so generally 
criticized for failures in the political and econo

mic arenas, may be found in retrospect to be a Golden 
Age in the development of the science of field archae
ology in Britain, comparable with the period of rapid 
advance in the science of geology in the first half of 
the nineteenth century. Pitt-Rivers laid its secure 
foundations in the late nineteenth century, and in the 
years since his death there has never been lacking one 
or more men imbued with his ideas, and utilizing his 
technique; but whereas such competent workers 
were, up to 1919, in a minority, their practice was 
thereafter standardized and developed in respect of 
both excavation methods and record. Improved 
mechanical devices such as air photography and the 
Rolleiflex camera, and ease of access to remote 
places brought about by the motor-car and road 
improvement, were also contributory causes.

The results of improved transport facilities in 
particular are reflected in the published work of the 
period. The motor-car enabled middle-aged archae
ologists to be on a site distant from habitation during 
the whole period of the working day without physical 
exhaustion ; a ‘travelling’ earthwork such as Offa’s 
Dyke could be subjected without difficulty to the 
scrutiny of one individual throughout its length; 
and widely distributed examples of any specific type 
of ancient structure could readily be studied by one 
person in the course of a single summer holiday. 
Hence field survey, in advance of or correlated with 
excavation, has flourished exceedingly. Collabora
tion with students of the natural sciences, brilliantly 
illustrated, for example, in the palseobotanical field 
(pollen analysis), has aided the rapid advance in 
knowledge of Britain’s unwritten history.

Under the leadership of the Society of Antiquaries 
of London, the Society of Antiquaries of Scotland, 
and the Congress of Archaeological Societies (founded 
in 1888) programmes of research were, during the 
years under consideration, co-ordinated, and sites for 
excavation selected for their probable contribution 
to the solution of outstanding problems of a period 
or locality, though local initiative was never sup
planted. The same period saw the remarkable 
growth in scope and range of the Ancient Monuments 
Branch of H.M. Office of Works, charged under the 
Ancient Monuments Acts of 1913 and 1931 with the 
guardianship and preservation of monuments in 
State ownership, and with the protection of specific 
sites (scheduled monuments) deemed of national 
importance, though in private ownership. During 
the period when Sjr Charles Peers was chief inspector 
of ancient monuments, the governing principles and 
standards of preservation work were established; 
and these compare favourably with anything achieved 
elsewhere, though the safeguards against damage 
and destruction of scheduled monuments did not 
prove altogether satisfactory. The appointment of 
an archaeology officer to the Ordnance Survey in 1921 
led inter alia to the production of a remarkable series
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of period distribution maps on a national basis ; for 
example, long barrows and megaliths, Roman Britain, 
the Dark Ages. These illustrated the laws governing 
human settlement in early times—the relation of 
man to his environment—as expounded by O. G. S. 
Crawford and others, and now generally accepted by 
archaeologists and geographers alike. Perhaps the 
main weakness during these years was a lack of 
understanding of the significance of these widespread 
activities, even on the part of the educated public, 
among whom the concept of archaeology as a ‘treasure 
hunt’ still lingered.

The War has in part interrupted and in part 
modified this progress ; field work has been under
taken of necessity, not of choice. Service and other 
departments have taken over large tracts of land, 
many of which included sites and structures of 
archaeological interest, and these it was clear could 
not be preserved. Thus a unique opportunity was 
presented of excavating under State auspices, and at 
State expense, ancient sites thus accidentally involved. 
When the full story can be told, it will be realized 
that a great gain in knowledge and technical exper
ience among field workers stands to the credit of the 
Ancient Monuments Branch of the Ministry of Works, 
which has organized this process of salvage, as well 
as to the Service departments for their enlightened 
and fruitful collaboration.

Conscious of the problems of the post-war years, 
archaeologists have been stocktaking ; a lively con
ference, held under the auspices of the Institute of 
Archaeology of the University of London in August 
of last year, discussed “The Future of Archaeology” 
at home (and abroad)* ; divergence of views on the 
desirability of State help and control was noticeable, 
unanimity of view on the importance of education— 
the technical training of archaeologists themselves and 
the diffusion of knowledge among teachers of the 
archaeological approach to the past. One fact was at 
the back of all thoughts and all discussion of the future 
of archaeology in Britain. As a result of bombard
ment, English cities of known antiquity have had 
great areas laid waste, London, Southampton, Exeter, 
Canterbury being outstanding examples, and plans for 
reconstruction may involve further demolitions. 
Thus the post-war period, as is now well recognized, 
offers a great opportunity, by the intensive study, 
prior to rebuilding, of the remains of ancient struc
tures and stratified deposits in such areas, of recover
ing much of the history of our most important urban 
centres. This opportunity can never recur, for 
modern methods of construction of commercial 
buildings involve deep disturbance and removal of 
the relic-bearing accumulation of soil.

Hitherto there has been no central organization 
with a claim to speak authoritatively for British 
archaeology as a whole, ranging from the study of 
Palaeolithic man to that of his Victorian descendants, 
and the necessity for such an organization was now 
generally felt. On the initiative of the Roman 
Society, consultations were held during 1942-43 at 
the invitation of the Society of Antiquaries of London,

* Occasional Papers, No. 5 : University o f  London, Institute o f  
Archaeology. Pp. 100. See also Nature, 152, 320 (1943).
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under the chairmanship of the president, Mr. (now Sir) 
Alfred Clapham, and resulted in the formation of a 
Council for British Archeology, which held its first 
meeting in March, 1944. As at present constituted, 
it consists of upwards of a hundred members, repre
senting national archeological societies, county and 
local societies regionally grouped, unive sities and 
colleges in which archeology is taught, national 
museums, the regional museums’ federations, and 
certain societies with kindred interests : the Council 
has appointed an executive committee, organized its 
members into regional groups, and set up consultant 
panels of experts for periods from the Palaeolithic to 
the Renaissance. It is also inviting the collaboration 
in an advisory capacity of persons eminent in the 
natural sciences. As a tribute to the status of the 
Society of Antiquaries of London and the particular 
services it gave in connexion with the formation of 
the Council, the first president, who will hold office 
for three years, will be the president of the Society, 
Sir Cyril Fox ; the honorary secretary is Miss K. M. 
Kenyon, of the Institute of Archaeology, Inner Circle, 
Regent’s Park, London, N.W.l.

The Council is not intended to be an executive body ; 
it will not undertake excavation. Its purpose is to 
ensure that archaeological interests are not neglected 
in the future and to assist groups or individuals 
working to that end. It will, for example, urge the 
strengthening of existing measures for the care and 
preservation of historic buildings and antiquities, 
present a case for State aid in excavation as and when 
the magnitude of the task appears to be beyond the 
resources of existing societies’ funds, and will co
operate, in its own field of interest, with the Museums’ 
Association. It is pledged to work for the adequate 
recognition of archaeology in the educational system 
of Great Britain and to further measures designed 
to enlighten the public concerning the records and 
monuments of the past. It will co-ordinate and 
facilitate the provision of expert advice on archaeo
logical matters. Its most urgent task will be to 
press upon the authorities concerned with recon
struction the importance of safeguarding archaeologi
cal remains on sites affected by rebuilding or develop
ment ; or if preservation is impracticable, of ensuring 
that scientific examination and record are made before 
destruction.

The first-fruits of the Council’s work are already 
in evidence. An independent committee for Roman 
London has been formed, a deputation from which 
has been received by the Lord Mayor, to consider 
the many and various problems of the remains 
of Londinium, the great commercial and admin
istrative centre that was the City’s precursor, which 
lie some 20 ft. below present-day street-levels. 
But effective official and corporate action in these 
important matters, as in others with which the 
Council is concerned, depends ultimately on the 
sanction of public opinion, and the urgent need of 
educating the public is fully recognized.

Unenlightened persons may have argued that 
archseology has no practical value and that after the 
War all efforts should be devoted only to ‘things that 
matter’. But archseology, especially of the earlier
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periods, will surely be of real and practical value in 
the post-war world from two points of view. In the 
first place, it is an almost ideal hobby study, and a 
democracy which is ever reaching towards more pay 
and shorter hours of work must be careful to further 
intellectual leisure occupations. Field work in 
archaeology can be undertaken during holiday periods 
and useful evidence exposed by many ordinary folk 
who take the trouble to undergo a not too arduous 
course of training. Thus can archaeology contribute 
to that cultural training which is so essential along
side other social disciplines as distinct from the more 
direct vocational studies.

But more important still is the fact that in 
the study of archaeology, particularly of prehistory, 
science and humanity meet : the subject is man, 
yet the methods of work and the discipline are 
strictly scientific. As a training for the young it is 
therefore ideal—the human interest is always there, 
and their minds are broadened by the problems and 
other subjects they are brought up against during 
their work, while the whole approach to the subject 
and to others, like geology, which are involved is 
scientific. It has indeed been urged that archaeology 
should be included in the curricula of secondary, and 
even of senior, schools. This would involve the train
ing of a number of teachers, but it is a goal well 
worth aiming at. One way to start the ball rolling 
would seem to be to urge on the commissioners in 
charge of the Civil Service schedules for entrance 
examinations the wisdom of including archaeology 
among the optional subjects. Many of these are now 
included to test the mental capacity of the candidate 
rather than for their practical usefulness in the service 
he is entering, and archaeologists can indeed claim 
that their subject is ideal from this point of view.

Once recognized by the Civil Service as an exam
ination subject, those who regulate the schedules for 
the higher certificate examinations of schools, and 
even for the humbler school certificates, would 
quickly turn their attention to the problem of 
including it in their programmes too. Here would 
be a splendid opportunity for the new Council to 
help by urging the Government to give the lead. 
The fact that several eminent Civil servants are on 
the Council will ensure that its requests to authority 
are practical.

So also might the universities, in their post-war 
replanning of courses, consider archaeology as a sub
ject of study for those students in the faculties of 
science and arts and in the training departments who 
are not making the subject their principal study ; 
for thus can archaeology help to widen the scope 
of 'university studies.

In this and in the other ways already outlined it 
will be excellent if the newly formed Council will 
tackle the problem of educating the nation to the 
importance of the subject of archaeology and of 
gaining official recognition thereof. This, together 
with its concern for the safeguarding of ancient sites 
and the co-ordination of archaeological effort, will cause 
every archaeologist, inarticulate spade-worker and 
ready-penned publicist alike, to welcome its formation 
as filling a need of which they have long been conscious.

DYNAMICS OF SOCIAL SECURITY
The Price of Social Security
By Gertrude Williams. (International Library of 
Sociology and Social Reconstruction.) Pp. vii+199. 
(London : Kegan Paul, Trench, Trubner and Co., 
Ltd., 1944.) 12s. 3d. net.

MRS. GERTRUDE WILLIAMS’ book is as 
topical as its title suggests, but on other 

counts than would appear on the surface. It is 
in reference to the White Paper on Employment 
Policy that its significance chiefly lies ; but it closes 
with a sound and constructive criticism of the 
Civil Service which is equally pertinent to dis
cussion of the Assheton Report on the Training 
of Civil Servants. Fundamentally, the book is 
a study of the mobility of labour and, cogently as 
Mrs. Williams argues that a new mobility of labour 
must be part of the price to be paid for social security, 
it may well be doubted whether the emphasis placed 
by Sir William Beveridge on labour mobility, and 
on the selection and training of staff for the Ministry 
of Social Security with special regard to the functions 
of serving the public and understanding the human 
problems With which they will be concerned, is likely 
to reconcile those who purchase the book on the 
ground of their interest in social security or to find 
an answer to the question : Can we afford social 
security ?

It would be unfortunate if such disappointment 
prejudiced the success of such an excellent exposition. 
Mrs. Williams is an able chronicler, and her descrip
tive Writing is clear and not obscured with un
necessary detail. She has the knack of bringing out 
the main points and avoiding irrelevancies, and even 
the disappointed enthusiast for the Beveridge Plan 
should be grateful for the indications given of funda
mental changes in our industrial structure which have 
a profound bearing on the practicability of that full 
employment policy which is postulated as Assumption 
C in the Beveridge Plan.

I f  the title is misleading, it is not irrelevant. Mrs. 
Williams is not concerned with the financial aspects 
of social security but with the economic, social and 
industrial consequences. She emphasizes the danger 
that improved social services may harden the arteries 
of the economic system. We have given up one set 
o f incentives without even facing the fact that we 
need something to take their place, and her discussion 
of the psychological problems of adapting incentives 
to work to a changing world, and of how far a sense 
o f social obligation can supersede hunger as a spur 
to effort, leads to the conclusion that we must pay 
the price of social security by instituting in peace
time as in war some degree o f State control over 
occupational distribution.

The first three chapters o f the book, in which Mrs. 
Williams analyses the factors which impede the 
mobility of labour, should be widely read as an 
exposition o f the argument condensed into the 
sections on distribution of labour and mobility of 
labour in the White Paper bn Employment Policy. 
The Government could desire no better justification 
for its arguments than this able study of the reasons 
why labour should be fully and continuously mobile 
if we are to take advantage of the opportunities given 
us by improved techniques and new knowledge, and 
why, on balance, mobility has decreased in spite of 
some factors tending towards its increase. The pro
vision of maintenance during employment has re
duced the urgency of the need for finding new
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employment and thereby clogged the economic 
mechanism through which changing wage-levels 
affected the occupational and geographical redis
tribution of labour. The general effect of inter-war 
developments in unemployment maintenance has 
been to remove one set of incentives to work without 
replacing it by another, and in Great Britain we have 
only now, in the White Paper, faced the fact that we 
need something to take their place.

The mobility of labour is of course only one aspect 
of the problem of productivity or of full employment, 
but Mrs. Williams does not suggest that the price of 
social security is something to be paid by employee 
or employer only in the acceptance of compulsion 
or direction in peace-time. Equally important is the 
analysis, in her next two chapters, of labour control 
in war-time in Britain and of labour control in Ger
many and the U.S.S.R., which leads to the exposition 
in her final chapter of the administrative spade work 
that must precede any attempt to perpetuate labour 
controls in peace-time. The price of social security has 
to be paid in sound administration as Well as in the 
acceptance by the individual of restrictions on free
dom of choice of occupation, until the sense of social 
obligation is as powerful, and as unconsciously 
accepted, as is an underlying principle o f conduct 
such as self-interest.

Despite Mrs. Williams’ pragmatic approach to her 
subject, she is stronger at analysis and in defining 
the problem than in constructive suggestions for 
dealing With it. She stresses the importance of the 
educational approach to the development of new 
incentives, and senses the opportunities in the 
Government training centres, the Army Bureau of 
Current Affairs, the employment exchanges and the 
joint production committees, and her clear exposition 
makes the book highly stimulating to the imaginative 
reader. Much more might be done, as she indicates, 
in the way of vocational selection by utilizing the 
data in this field now being accumulated in the 
Forces. Again, Mrs. Williams points out that com
pulsory transfer to other jobs involves acceptance by 
the State of some measure o f responsibility for wel
fare arrangements and wage standards.

The best part of this chapter is that in which, 
developing further ideas she has already voiced in 
the chapter “ The Staff Problem” contributed to the 
volume “ Social Security”  edited by W. A. Robson, 
she discusses the reform o f the Civil Service, which 
must also form part of the price of social security. 
Constructive long-term thinking and the exercise of 
the newer mental disciplines, she urges, is a Govern
ment function of the first importance. Here again, 
in pleading the importance of intelligence and 
statistics as a prelude to scientific policies based on 
known facts, she is in line with the White Paper ; 
but in analysing the requirements of a Civil Service 
capable of integrating the work of the Ministries with 
the wider life o f the community, she sees that it is 
not only in the Civil Service that reform is called for : 
a high standard of Ministerial statesmanship, she 
says, is the essential foundation of successful Govern
ment control, whether of labour mobility or of any 
other communal activity.

The similarity of thought and argument here is 
very close indeed to that of a recent admirable 
article in the Political Quarterly on “ Government 
Administration and Efficiency”  in a series on the 
post-war machinery o f government. The analysis is 
of special interest in view of the recent report on the 
training of Civil servants, and elaborates further some

points that are imperfectly covered in that report. 
In a single paragraph, Mrs. Williams anticipates a 
number of the more important recommendations of 
the report, but on the whole, within the limits of her 
argument, she is even more searching and suggestive.

This, then, is a book that is well written and should 
be well read. It has merits as a mere chronicle of 
developments in a comparatively limited economic 
field. It is even more valuable in its suggestions as 
to the way in which such institutions as industry, the 
trade unions and the Government machine must 
adapt themselves to the new functions that must be 
covered in an attempt to establish full employment 
and social security. For the rest, it has claims on the 
interest of the scientific worker as indicating what is 
involved in the elaboration of scientific policies and 
the application of the scientific method in human 
affairs. Further, within the limits to which she con
fines herself, Mrs. Williams has given a modest but 
no less admirable stimulant to the constructive 
thinking about the organization and administration 
o f social and economic institutions on which the 
development, if  not indeed the survival, o f our 
democratic system depends. R. Bbightman.

Highland Naturalist
A  Gamekeeper’s Observations and Discoveries. By 
Dugald Macintyre. Pp. 240+8 plates. (London: 
Seeley, Service and Co., Ltd., n.d.) 12s. 6d. net.

DUGALD MACINTYRE is a Highland naturalist 
who has made his name as one of the leading 

observers o f his time. He has during his long life had 
unusual opportunities for recording the habits of 
bird, beast and fish, and in him is the rare com
bination of the accurate recorder and the man who 
can set down clearly, simply and truthfully what 
he has seen and heard. Therefore, any book by 
Dugald Macintyre is o f value.

In this volume the author weaves his observations 
into a number of short chapters.. In each chapter is 
told the story of the life-history of some bird, animal 
or fish, and in that story are embodied the author’s 
own observations.

We read (p. 80) of a gannet which, when diving for 
fish, pierced a guillemot right through with its sharp 
bill. Unable to rid itself of the dead guillemot, the 
gannet drifted about and finally came ashore ex
hausted, when a good human friend cut away the 
guillemot and thus saved its life. We read o f a white 
grouse which, although a cock bird, was flushed from 
a nest he was making, while his mate had laid her 
first egg in her own nest close by. We read (p. 98) 
of the old white grouse actually dying as the author 
passed—falling from his roosting place on the steep 
hill-face and rolling past Dugald Macintyre in the 
dusk of a frosty winter’s evening. The author 
attributes the old grouse’s death to heart failure 
following on grouse disease. There are statements in 
this book which are difficult to check, and which in 
a naturalist of less standing might be looked upon 
with reserve. But in one of his earlier statements, 
no less surprising, Dugald Macintyre has been fully 
vindicated. It was in March 1913 that he wrote to 
the Field, saying that the common curlew was in the 
habit periodically of ejecting the lining membrane of

A NATURALIST IN THE 
HIGHLANDS
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its gizzard by coughing. These lining membranes are 
light yellow pouch-like objects with the consistency 
of thin rubber, rolled up by the muscular coat of the 
gizzard wall before ejection. To Mr. Macintyre fails 
the credit o f being the discoverer of this curious 
habit, now well attested.

The author, in a short chapter on the kite, suggests 
that it might be possible to reintroduce this bird into 
Scotland by placing its eggs in buzzards’ nests. ̂  It is 
possible that, were a sufficient number of kites eggs 
available, this might he done, but in Wales, the last 
nesting haunt of the species in Britain, the kite is 
still so scarce that I am very doubtful whether a 
clutch of eggs would be spared for the experiment. 
That is also the difficulty in the re-introduction of 
the osprey in the Highlands.—the rareness of its eggs. 
Were some wealthy ornithologist to transport by air 
after the War a clutch of fresh osprey’s eggs from 
Scandinavia to Scotland, and were these eggs to be 
placed in a nest of a buzzard already earmarked for 
this purpose, a brood of ospreys might be reared that 
would re-populate some Highland loch where the 
species formerly nested.

Mr. Macintyre is a keen angler, which is not sur
prising when one remembers his distinguished High
land ancestry. He is familiar not only with salmon, 
sea trout and brown trout, but also with the fish of 
Highland sea lochs and of the Atlantic. He describes 
the life-history of a pollack (or lythe as it is named in 
Scotland) which when caught turned the scales at 
19 lb. That is a great weight for a pollack, but the 
fishermen who at times fish for these strong fish 
around the ocean rock of Sgeir nam Maol, in the 
Minch off northern Skye (where the owner of an 
ocean-going yacht told me that he caught heavier 
lythe than anywhere else off the British coasts) say 
that a 20-lb. lythe is not unknown here. My heaviest 
lythe was just over 16 lb., and my wife caught one 
of 16£ lb., but recently these fish have been much 
smaller. Seton Gobdon.

COMMERCIAL FORESTRY IN THE 
UNITED STATES

American Siivics and Silviculture 
By Prof. Edward G. Cheyney. Pp. x +  472. (Min
neapolis : University of Minnesota Press ; London : 
Oxford University Press, 1942.) 30s. net.

ROF. EDWARD G. CHEYNEY has written in 
this volume a very useful and comprehensive 

compilation on the American aspects of the sylvi
culture of some hundred and fifty commercially 
important forest species. His book is said to be— 
and many will agree—the first attempt at treating 
this branch of forestry in America from the fully 
practical side. Sylviculture, he explains, has been 
developed in Europe as an art through centuries of 
experience with European species of trees. “ Out of 
that experience has come a series of silvicultural 
patterns that can be useful in America when we have 
learned to adapt and apply them to our own species. 
In themselves the patterns mean but little. To use 
them we must have knowledge of the factors that 
influence the growth of trees in competition with 
each other, of the types in which American species 
group themselves, and of the silvical characteristics 
of our more important species.” It has been the 
aim of the author to deal as fully as present informa

tion permits with his definition, and his book discloses 
how admirably he has carried out his object.

In connexion with sylviculture as gradually 
developed in Europe, the author correctly says that 
what he terms the sylvicultural patterns, that is, the 
various sylvicultural systems, will have to be adapted 
in order to apply them to American species. The 
recognition of this important factor applies, where 
forestry is one of the national assets, to almost every 
country in the world outside Europe. India would 
appear to be the first country to which this realiza
tion, through its Forest Service, came—but only after 
a period of years dining which rigid copies of purely 
European practice had shown their fallibilities. In 
that country for many years past the sylviculturist 
has recognized the necessity of modifying and adapt
ing to local and varying conditions the text-book 
definitions, perfectly sound ones for Europe, of the 
sylvicultural systems. It appears curious, therefore, 
that Prof. Cheyney, in the careful research and con
sideration he has given to his subject, should have 
apparently ignored the great amount of work carried 
out in this direction throughout India and Burma 
during the past forty years. It is the reviewer’s 
belief that America could find some adaptations or 
modifications of the systems now adopted in India 
as forms of practical management which could be of 
use to conditions in parts of the country, especially 
in the transition from virgin forest to a forest under a 
correct and detailed management.

The book is divided into four parts. The first three 
are written as a text-book on forestry. Part 4 deals 
with the sylvicultural description of all the important 
species. In Part 1, sylvicultural factors are dealt 
with. Part 2, which is very informative, discusses 
the forest regions of the United States under forests 
of the Northern Region, forests of the Appalachian 
Region, forests of the Atlantic and Gulf Coastal 
Plains, forests of the Lake States, forests of the 
Rocky Mountains, forests of the Northern Pacific 
Coast and forests of the Southern Pacific Coast. 
Part 3 treats of sylviculture in its elementary aspects, 
the sylvicultural systems, the application of the 
systems to the various forest types, thinnings and 
the disposal of slash. In Part 4 the species of trees 
given alphabetically are dealt with under range, 
types and associates, soil, moisture, light, and seed- 
production, growth management and resistance (to 
fire, pests and so forth).

In America, Prof. Cheyney’s book is hailed as the 
first attempt to place sylviculture in its application 
to a correct management of the forests in its practical 
position. “His book deals with American sylvi
culture and constitutes the only discussion of its 
kind.”

It is rightly said that the natural forests of the 
United States have contributed greatly to the coun
try’s development. It is equally true that in the 
past they have been greatly and often ignorantly 
exploited by the lumberman, with at times disas
trous after-effects. Unfortunately this type exploita
tion has not ceased. “ In the first year of World 
War II,” it is said, “ three-fourths of the entire cut 
lumber of the United States was absorbed by the 
War effort. All this indicates the immediate need 
for better forest management.”  In spite of the above 
statement, paper stocks are obviously still fairly 
abundant, for Prof. Cheyney’s book is beautifully 
got up and is illustrated by many photographs lent 
for the purpose by the United States Forest Service.

E. P. Stebbing.
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On the Influence of Trades, Professions, and 

Occupations in the United States, in the Pro
duction of Disease

By Dr. Benjamin W. McCready, 1837. (Publications 
of the Institute o f the History of Medicine, the Johns 
Hopkins University, Fourth Series: Bibliotheca
Mediea Americana, Vol. 4.) Pp. vii+129. (Balti- 
mora, Md.: Johns Hopkins University, 1943.)
1.75 dollars.

THE study of industrial diseases is a subject 
Which, for obvious reasons, received little atten

tion from medical men until comparatively recent 
times. Bernardino Ramazzini’s “ De morbis artiflcum 
diatribum” of 1700 was the first comprehensive work 
on occupational diseases, and the second was that 
of Thackrah of Leeds published in 1831. This latter 
work and the growth of industrialization in the 
United States o f America influenced the Medical 
Society of the State of Hew York to propose for a 
prize essay in 1835 the subject of “ The influences of 
trades, professions and occupations in the United 
States in the production of disease” . The winner of 
the prize was a twenty-three year old physician, 
Benjamin W. McCready, and his essay was first 
published in 1837. This book contains the original 
essay with a critical historical introduction by 
Genevieve Miller.

The essay consists o f four sections, discussing 
thirty-one employments. The first deals with out
door workers in agriculture, on canals and railways, 
labourers and seamen; the second describes the 
workers in the textile industry ; the third deals with 
artisans and tradesmen; and the fourth with the 
professional men.

McCready saw that in many cases the industrial 
hazards of his day were caused as much by basic 
habits and environmental conditions as by any 
immediate dangers in the occupations. The remedies 
he proposed were simple—proper housing and ventila
tion, personal cleanliness, shorter working hours and 
more exercise.

The editor and publishers are to be congratulated 
on their reproduction o f this important historical 
document.

Civilization and Disease
By Prof. Henry E. Sigerist. Pp. xii-f 255 +  29 plates. 
(Ithaca, H.Y. : Cornell University Press ; London : 
Oxford University Press, 1943.) 22s. 6d. net.

DISEASE has played a great part in the evolution 
of civilization. Dr. Sigerist develops the theme 

and demonstrates the interrelationship in its many 
aspects in the course of human history. He begins 
by describing the influence of external factors of 
living conditions, clothing, lighting and nutrition on 
the genesis of disease, and then passes on to par
ticulars. Economic and industrial changes and their 
effects on the character of disease are illustrated by 
reference to the works o f Ramazzini, McCready and 
Thackrah. The position of the sick in society has 
greatly changed from the earliest days, when they 
were ostracized as in the case of lepers or horribly 
confined if mentally ill. In the complex modem 
society, many sick persons can usefully be employed 
in selected occupations.

The law appears in the establishment of quaran
tines, in the licensing and regularization of medical 
practice, and in public health and industrial organiza
tion.

The course of history has at all times been subject
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to influence by disease in epidemic form, and reference 
is made to the effects of plague, typhus and malaria 
on the results of battle and on distribution of 
population.

Towards the end, Dr. Sigerist becomes discursive 
and sketches over the relationship between religion, 
metaphysics, science, the arts and disease.

The subject-matter of this book was first used as a 
series of lectures, and this is apparent in the style. 
The wideness of scope and paucity of detail make 
this very readable book more suitable for the 
sociologist and lay reader than for the student of 
the history of medicine. The volume is beautifully 
produced, and has excellent and interesting illustra
tions. 1

Thermionic Valve Circuits
By Dr. Emrys Williams. Second edition. Pp. 
viii+207. (London : Sir Isaac Pitman and Sons, 
Ltd., 1944.) 12s. 6d. net.

THE first edition of this book was reviewed in 
Nature o f July 18, 1942. According to the 

author’s preface: “ The appearance o f a second
edition o f this book has been hastened by the ex
tensive consumption of the first edition by the enemy 
Luftwaffe” . The opportunity has been taken to 
increase the size by some 15 per cent, by a general 
expansion o f the existing chapters. New material 
has been added dealing with such subjects as fre
quency modulation, gas-filled valves, time bases, 
the Kipp relay, the transitron and the cathode 
follower; but the author has rightly resisted any 
inclination to go too far in meeting the general 
criticism o f incompleteness. The book remains a very 
good survey of all the main types o f valve circuits, 1 
presented in such a way that the student may be 
in a position to understand, or even foresee, further 
developments.

Pacific Ocean Handbook
By Eliot G. Mears. Pp. viii+192. (Stanford Univer
sity, Calif. : James Ladd Delkin, 1944.) 1 dollar.

PROF. ELIOT G. MEARS, professor of geography 
in Stanford University, set himself a formidable 

task in compressing into less than two hundred 
small pages a survey of the current scientific know
ledge of the Pacific Ocean and its adjacent lands. 
There are chapters on the structure of the basin, its 
islands, on the physical aspects o f the waters in
cluding drifts and currents, and on every aspect of 
the climate and particularly the storms. Other 
chapters deal with navigation, magnetism and tides.
All sections are amply illustrated with maps. When 
such a degree o f condensation is demanded, minor 
slips are unavoidable ; but on the whole the little 
volume is most informative on the scientific side and 
includes results of much recent work. There are also 
statistical appendixes and a folding map.

Textbook of Histology for Medical Students
By Dr. Evelyn E. Hewer. Third edition. Pp. xii +
364. (London : William Heinemann (Medical Books), 
Ltd., 1944.) 17s. 6d. net.

THE essentials o f normal histology are simply 
stated in this short text-book. The illustrations 

are excellent, and the photomicrographs by E. V. 
Willmott deserve special mention. As a laboratory 
reference book for medical students engaged on 
practical histology or preparing for examinations, 
this could not be bettered.
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SOCIAL AND INDUSTRIAL 
INSURANCE IN GREAT BRITAIN

ALMOST two years after the publication of Sir 
William Beveridge’s report on Social Insurance 

and Allied Services, the Government has issued two 
White Papers, Part 1 dealing with its proposals for 
social insurance generally (except for industrial 
injury) and for family allowances, and Part 2 with 
proposals for replacing the existing system of work
men’s compensation by a new scheme of industrial 
injury insurance. The whole scheme follows the 
lines indicated by Sir William Beveridge more closely 
than the prolonged delay had led many to expect.

Social Insurance
In introducing the proposals for social insurance 

(Part 1)* the White Paper states that the Government 
accepts as necessary prerequisites to an improved and 
comprehensive plan of social insurance the three 
assumptions on which the Beveridge plan was based : 
institution of a scheme of children’s allowances ; 
framing of a comprehensive health service ; and the 
avoidance of mass unemployment. Proposals for a 
national health service have already been published, 
and the Government’s policy for maintaining a high 
and stable level of employment after the War has 
been set forth in the White Paper on Employment 
Policy. Those for a scheme of family allowances are 
included in the present paper.

These proposals are based upon two principles : 
first that nothing should be done to remove from 
parents the responsibility of maintaining their 
children ; and second, that it is in the national interest 
for the State to help parents to discharge that 
responsibility properly. The scheme is not intended 
to provide full maintenance for each child but is a 
general contribution to the needs of families with 
children. This purpose, in the Government’s view, 
can best be attained if a substantial part of the 
benefit is given in kind, and the school meals and 
milk services will therefore be extended to make 
them available to pupils in primary and secondary 
schools in receipt of grant from the Ministry of 
Education or the Scottish Education Department. 
These benefits in kind will be free of cost to the 
parents and will be available to all children in a 
family attending school, including the first.

The cost to public funds of supplying meals and 
milk to children at school when the service has 
reached its full development is estimated at about 
£60 millions a year. While accepting the argument in 
the Beveridge Report that children’s allowances 
should be non-contributory and met wholly out of 
taxation, and that no allowance should be paid in 
respect of the first child, the Government rejects the 
rate of 8s. a week suggested by Sir William Beveridge 
and proposes a weekly cash allowance of 5s. for all 
children after the first below school-leaving age and 
remaining at school until July 31 following their 
sixteenth birthday. When the parent is receiving 
benefit, 5s. will be added to the benefit in respect of 
the first child.

With the exception of this family allowance 
scheme, the Government has adhered to the principle 
that freedom from want must be achieved in the 
first instance by social insurance : benefits must be

* Social Insurance. P a r t i . (Cmd. 6550.) Pp. 64. (London : H.M. 
Stationery Office, 1944.) 6d. net.

earned by contributions. It has also decided not 
only to increase the range and amount of benefits 
provided, but that the scheme as a whole shall 
embrace the entire population. Of the six funda
mental principles on which the Beveridge plan was 
based, the Government has adopted five : flat rate 
of contribution ; flat rate of subsistence benefit; 
unification of administrative responsibility; com
prehensiveness ; and classification. There has been 
no attempt to vary contributions with the earnings 
of those who make them : broadly, the principle 
adopted has been that of equal benefits for equal 
contributions. Contributors and beneficiaries are 
classified into six groups, differing in respect of the 
benefits they need and the contributions they must 
make to receive them. Adopting the principle that 
the administration of a single, comprehensive, 
universal scheme of social insurance must be unified 
and that the various unco-ordinated sections of the 
system of to-day must be brought within a single 
administrative framework, the Government proposes 
the establishment of a Ministry of Social Insurance 
responsible for the whole of social insurance. The 
administration of assistance will be kept separate 
from that of insurance, though the Minister of Social 
Insurance will be responsible to Parliament for both. 
The present responsibilities of public assistance 
authorities for the payment of assistance in cash will 
be transferred entirely to the Assistance Board.

The Government has not accepted the sixth 
principle of adequacy of benefit. In fixing the rates 
of benefit, the Government considered whether it 
would be practicable to adopt a subsistence basis for 
benefits, but has rejected this as impracticable on the 
ground that the linking of benefit to subsistence-rates 
might involve the frequent variation of benefit-rates 
in accordance with the cost of living, and also that 
social insurance must necessarily deal in averages of 
need and requirement. A  high level of benefit must 
mean a high level of contribution, and the Govern
ment concludes that the right objective is a rate of 
benefit which provides a reasonable insurance against 
want and at the same time takes account of the maxi
mum contribution which the great body of contributors 
can properly be asked to bear. There still remains 
the individual’s opportunity to achieve for himself in 
sickness, old age, and other conditions of difficulty a 
standard of comfort and amenity which it is no part 
of a compulsory scheme of social insurance to provide. 
In reserve there must remain a scheme of national 
assistance designed to fill the inevitable gaps left by 
insurance, and to supplement them where an exam
ination of individual needs shows that supplement is 
necessary. There is no reference to a unified means 
test as advocated in the Beveridge Report, but the 
supercession advocated in the latter of the present 
system of approved societies is accepted: the
Government concludes that it is not practicable to 
retain ‘approved societies’ either as independent 
financial units or as agents in the administration of 
the scheme. The considerations leading the Govern
ment to this conclusion and the alternative pro
posals of the Report, together with the wider pro
posals submitted on behalf of the approved societies, 
are summarized in Appendix II of the White Paper.

The scheme proposed by the Government is com
pulsory and includes everybody. The population 
will be divided into six classes : employees ; the 
self-employed; housewives; adults who do not 
earn ; children ; and people over working age. It 
thus applies to large categories not hitherto covered
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by insurance ; for example, those living on earnings 
gamed otherwise than by salary or wages, or on 
earnings above £420 a year or on private income 
and those employed in professions or industries 
hitherto specially excepted. Each insured person will 
pay a single weekly contribution for all benefits in 
tne form of one stamp on a single document. For 
employed persons the stamp will also include the 
contribution for insurance against industrial injury 
the first, second and fourth will be the contributing 
classes, and the rates of weekly contribution for 
persons over 18 (covering for Class I the benefits 
under the Industrial Injury Insurance Scheme as 
well as the Social Insurance Scheme) will be :
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Class I

Insured 
Person 
s. d.

3 10 
2 5

Class II  Class IV
Employer 

s. d.
Total 
s. d. s. d. , d.M en :

Aged 18 and over 
,, 16-18 

W om en:

T##"-  is ?; n  i t  54
There will be a standard rate of benefit of 40s a 

week for a married couple and 24s. for a single man 
or woman, with lower rates for those less than 18. 
sickness benefit will end after three years of con- 
tmuous disability, and invalidity benefit at the 
standard retirement pension will be substituted. 
Unemployment benefit will be paid up to a limit of 
thirty weeks in a continuous period, together with 
additional days where the contributor has a good 
record of employment. After the end of either benefit, 
further contributions must be paid before an insured 
person can re-qualify for benefit. Special allowances 
a a higher rate will be available to persons under- 
going a course of approved training, but such training 
allowances wil not form part of the social insurance 
scheme but will be paid out of taxation. There is no 
condition, as m the Beveridge plan, of unemployment 
benefit being subject after a certain period to attend
ance at a work or training centre, and this, like the 
limitation of benefit, is a marked break from Sir 
William Beveridge’s proposals.

With regard to the self-employed, the difficulties 
of securing effective control over the payment of 
benefit are emphasized, as in the Beveridge Report 
but the Government proposes to pay benefit to 
Uass II contributors after four instead of after 
thirteen weeks, and to excuse payment of contribu
tions during those four weeks. An additional allow- 
ance of 16s. a week will be paid to those on single 
benefit who have an adult dependant. There will be 
a standard rate of retirement pension of 35s. for a 
married couple and 20s. for a single person. These 
rates will take effect from the commencement of the 
scheme instead of starting at 25s. and 14s., respec- 
tively and increasing to the full rate of 40s. and 24s 
after twenty years as recommended in the Beveridge 
Report The pensionable age will be sixty-five for 
men and sixty for women, but the joint pension will

T f r  rf  6 Wi.1Cn the husband qualifies, provided that if the wife is less than sixty years old she 
is not gainfully occupied. Pensions will be paid only 
to those who have retired and will be reduced if more 
than 20s. weekly is earned during retirement. They 
will also depend on contributions paid during the 
working life of the applicant, and will be reduced 
when the contribution record shows a deficiency 
Pensions will be increased by 2s. a week (joint) and 
Is. (single) for each year of work after retirement

age. Special arrangements will be made covering 
persons already pensioned or insured when the 
scheme comes into operation.

For married women, additional benefits will be 
available, subject to certain qualifying conditions, in 
a paternity grant of £4, maternity benefit at the rate 
of 36s. a week for thirteen weeks for gainfully occupied 
women, provided that occupation is given up for that 
period, or for women not eligible for maternity 
benefit, an attendant’s allowance of £1 a week for 
four weeks. Special provisions will enable married 
women to insure for a personal retirement pension of 
20s. a week m lieu of their share in a joint pension, 
and enabling married women earning more than 20s. 
a week to insure for sickness benefit at the rate of 
f6s. a week and unemployment benefit at 20s. a 
week. The mam provisions for widows will be a 
benefit of 36s. a week, with 5s. added for the first 
child, during the first thirteen weeks of widowhood 
Thereafter, if there is a dependent child, a guardian’s 
benefit of 24s. a week, with 5s. added for the first or 
only child, and a widow’s pension of 20s. a week to 
widows who are fifty or over when the husband dies 
or when the children cease to be dependent, provided 
ten years have elapsed since the marriage. These 
benefits will terminate on remarriage, and the last 
two will be reduced for substantial earnings..

Death grants will be paid at the rates recommended 
m the Beveridge Report according to the age at 
death, but an age limit of sixty-five instead of sixty 
is proposed, when one grant will be paid at the begin- 

tbe scheme, and for persons then between 
fifty-five and sixty-five the grant will be £10. Such 
questions as insurance for indirect expenses con
nected with funerals are reserved for separate 
examination. Sickness and invalidity benefit 
maternity benefit, widow’s benefit, guardian’s benefit, 
widows pension and retirement pension will be 
reduced by 10s. a week during maintenance in 
hospital after the first twenty-eight days of such 
maintenance. Not more than any one social insurance 
benefit or pension will be payable to an individual at 
any one time.

Apart from the question of workmen’s compensa
tion, the Government in its scheme has accepted out
right sixteen out of the twenty-three changes proposed 
m the Beveridge Report; and with modification or 
reserve two of the others. Essentially the scheme 
may be described as on a practical basis. The refusal 
to make disability benefit indefinite in duration or 
unemployment benefit at full rate indefinite in 
duration but conditional on attendance at a work or 
training centre after a limited period, like the rejection 
of a subsistence basis for benefits, shows that the 
Government has not adopted the basic philosophy of 
the Beveridge Report; but there can only be the 
warmest welcome for proposals which sweep away so 
many anomalies, and simplify and unify administra
tion and rates of benefit and contribution. It will be 
noted that the administrative organization outlined 
is framed to meet the position at the beginning of 
the new scheme, and that it is proposed to review 
the position when the scheme is in operation 
and administrative policy clearly defined and estab
lished.

Industrial Insurance
Whatever slight disappointment may be felt in 

some quarters with the Government’s proposals for 
social insurance as lacking the boldness of the original 
Beveridge Report, and keeping more strictly to the
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actual abolition of want, no charge of lack of boldness 
can be brought against the proposals for an industrial 
injury insurance scheme outlined in the White Paper 
issued as “ Social Insurance. Part 2 : Workmen’s 
Compensation” *. The need for radical reform of the 
present situation is frankly accepted, and the pro
posals advanced are in some respects an improvement 
on the Beveridge scheme. They are intended to avoid 
the main weaknesses and difficulties of the existing 
system and to remove workmen’s compensation from 
the atmosphere of controversy and conflict with 
which it has been surrounded and establish it on a 
happier and sounder foundation.

The White Paper gives first a concise summary of 
the present system of workmen’s compensation in 
Great Britain, first established in 1897, followed by a 
survey of the proposals on this question in the 
Beveridge Report and a concise statement of the 
Government’s views. Generally, the Government 
endorses the criticisms of the existing system made 
in that report. In particular, it considers that the 
Beveridge scheme is too complicated and allows too 
much scope for contention between the workman (or 
his trade union) and the employer (or the insurance 
company or mutual association with which he is 
insured) ; it thus tends to retard the workman’s 
recovery and to prejudice good relations between him 
and his employer. The Government considers it 
essential to provide that, in future, claims should be 
made on an independent authority and settled by a 
procedure less liable to give rise to friction. Accord
ingly it reaches the general conclusion that the 
present system should be replaced by a new scheme, 
the general structure of which should be based on the 
accepted principles of social insurance.

Proceeding on this basis, the Government agrees 
with the proposals in the Beveridge Report that the 
new scheme, broadly speaking, should apply to all 
persons working under a contract of service, including 
non-manual workers, and without any income lim it; 
that the cost should be borne by a central fund main
tained by contributions from employers and work
men, with a contribution from the Exchequer ; that 
claims should be dealt with by administrative rather 
than legal procedure ; and that the responsibility for 
the general administration and supervision of the 
working of the scheme should rest on the authority 
responsible for the general scheme of social insurance. 
It is unable, however, to accept four of the main 
proposals of the Beveridge Report for the reasons 
indicated below.

First, the Government does not think it right to 
limit special rates of benefit for long-term disability 
to cases of more than thirteen weeks duration. Such 
cases constitute not more than 10 per cent of the 
total, and the Government thinks the advantage 
claimed for unification of rates during an initial period 
is exaggerated. Secondly, the proposal to relate 
industrial pensions for long-term disability to the 
earnings of the workman before the accident in cases 
of total incapacity, and to his earnings both before 
and after the accident in cases of partial incapacity, 
is regarded as contravening the principle that there 
should be differentiation in benefits only according 
to family responsibilities, and that subject to pro
vision for such responsibilities, there should be 
uniform flat rates of benefit in return for uniform flat 
rates of contribution. Further, the assessment of

* Social Insurance. Part 2 : Workmen's Compensation. Proposals 
for an Industrial Injury Insurance Scheme. (Cmd. 6551.) Pp. 32. 
(London : H.M. Stationery Office, 1944.) 3d. net.

workmen’s compensation by reference to earnings has 
given rise to serious difficulties and objections which 
are considered in some detail in the White Paper.

The Government therefore proposes to adopt two 
entirely new features for the assessment of industrial 
pensions : (a) to provide, in accordance with the
generally accepted principle of social insurance, 
uniform flat rates of pension without regard to pre
accident earnings, but taking account of family 
responsibilities ; and (6) to give benefit according to 
the degree of disablement due to the injury in the 
same way as is done under war pensions schemes, 
through assessment by a medical board of the condi
tion of the workman resulting from the injury as 
compared with the condition of a normal healthy 
person of the same age and sex. This principle has 
the advantage of getting rid of the distinction 
hitherto drawn between total and partial incapacity 
for work, and giving the workman who has suffered 
an injury causing permanent or prolonged disable
ment a pension commensurate with the assessed 
degree of disablement, irrespective of his earning 
capacity. It eliminates as a cause of dispute the 
questions whether or to what extent the workman 
has recovered his earning capacity. It removes the 
grievance that an improvement in earning capacity 
results in an automatic reduction of compensation, 
and avoids any ground for suspicion on the part of 
the workman that he is being pressed to return to 
unsuitable work with a view to such reduction, and 
the fear that if he returns to work he will jeopardize 
his right to further compensation. It should also 
remove any hesitation he may feel in submitting to 
a course of rehabilitation treatment and thus promote 
a speedier recovery, while it helps to meet the com
plaint that no compensation is paid for mutilation or 
disfigurement except in so far as it causes loss of 
earning capacity.

Thirdly, the Government does not agree with the 
proposal in the Beveridge Report that special pro
vision in fatal cases resulting from industrial accident 
or disease should be by way of the grant of a lump 
sum. Such payments, even if administered under 
strict control, are not a satisfactory method of assuring 
an income, and the Government considers that pro
vision for dependants in fatal cases should be by way 
of pension or weekly allowance. Fourthly, the 
Government does not accept the proposal that a 
substantial part of the fund for payment of benefits 
should be found by means of a special levy on em
ployers in the hazardous industries. This proposal 
constitutes a departure from the complete pooling of 
risks adopted generally in other branches of social 
insurance. “ Hazardous industries are not hazardous 
because employers in them are less active in the 
prevention of accidents than other employers, or 
because the workmen in those industries are less 
careful than other workmen. They are hazardous 
because of the nature of the employment and the 
inherent risks.”  The Government questions the value 
of the incentive to the prevention of accidents 
ascribed to the merit rating system suggested in the 
Beveridge Report, and considers that for further 
progress in this matter we should look to the develop
ment of the standards set up under the factories, 
mines and other safety enactments, and to the 
increase of co-operation between employers and 
workmen. On the other hand, the Government would 
welcome the establishment of joint bodies for dealing 
with safety questions—either statutory or voluntary 
—in all industries where there are substantial risks
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of industrial accident and disease. It also agrees 
with the recommendation in the Beveridge Report 
that an inquiry is desirable into the relation, both in 
industrial and non-industrial cases, between claims 
to security benefit and claims for damages in respect 
of personal injury caused by negligence, and also a 
review of the law governing the liability of em
ployers and third parties to pay damages or com
pensation to workmen, or their legal representatives 
and dependants, independently of the provision for 
them proposed in the new scheme ; the Government 
has set up for this purpose a committee with com
prehensive terms of reference under the chairmanship 
of Sir Walter Monckton.

The remaining features of this new scheme to treat 
workmen’s compensation not as part of the law of 
employer’s liability but as a social service may be 
briefly summarized as follows. The scheme will be 
comprehensive, will not provide for ‘contracting out’ 
schemes and will apply to accidents arising out of, 
and in the course of, employment and to specified 
industrial diseases. The liability, instead of being on 
the individual employer, will be placed upon a 
central fund out of which all benefits, both in disable
ment and fatal cases, and administrative charges will 
be paid. The fund will be maintained by weekly 
contributions from employers and workmen collected 
by stamp, with a contribution from the Exchequer. 
The weekly rates of contribution will be 6d. for adult 
men and 4d. for women, to be shared equally between 
the employer and workmen, with half these rates for 
juveniles. Benefits will not depend on a contribution 
qualification. The scheme will be under the general 
charge of the Minister of Social Insurance, with an 
advisory committee or council, on which employers 
and workmen will be equally represented, to advise 
the Minister on important matters of policy and 
administration referred to them. Employers and 
workmen will be equally represented on the local 
appeal tribunals.

The present procedure by which the workmen’s 
claims against employers are subject to appeals to 
courts of law will be superseded by a system under 
which claims will be dealt with by a pensions officer, 
subject to rights of appeal to local tribunals, and 
further rights of appeal to an industrial injury 
insurance commissioner whose decision will be final. 
In disablement cases the benefits will be at uniform 
flat rates. They will consist of an industrial injury 
allowance payable for an initial period while the 
workman is incapacitated for work, to be replaced, 
where the disablement is likely to be permanent or 
prolonged, by an industrial pension which will be 
supplemented by a special allowance if the pensioner 
is unemployable. Allowances will be given for family 
responsibilities, and treatment allowances and allow
ance for constant treatment in certain circumstances. 
No provision will be made for commutation of the 
pension by a lump sum payment, but where the 
injury results in only a minor degree of disability, 
provision will be made for a final settlement by an 
award of a gratuity or of a temporary allowance at 
a special rate with or without a final gratuity. In 
fatal cases the scheme provides for payment of a 
pension to the widow with an allowance for the first 
child, and a higher rate of allowance where the first 
child is an orphan. Provision will be made, in certain 
circumstances, for payment of a pension to one or 
both parents, or where no widow’s or parent’s pension 
is payable, to one adult dependent member of the 
deceased workman’s family.

PROBLEMS OF MODERN PHYSICS*t
By P r o f . J. FR EN K EL

The Atom ic Nuclei, Elementary Particles and the 
Nature of Matter

Nuclear physics emerged as a new independent 
science when, ten years ago, Cockcroft and Walton, 
working on a suggestion by Rutherford, first 
used protons artificially accelerated to immense 
velocities for bombarding other heavier atoms. 
Before that time, work of this kind had only been 
done with the help of radioactive substances, atoms 
of which are transmuted spontaneously without any 
outside agent, with the expulsion of alpha-particles 
(that is, helium nuclei) or beta-particles (fast elec
trons). These alpha- and beta-particles can be used 
to transmute artificially stable atomic nuclei. This 
method still has its value, and with its help (by bom
barding beryllium with alpha-particles emitted in the 
natural radioactive disintegration of polonium) it was 
shown that besides protons (hydrogen nuclei) com
plex nuclei contain also neutrons. These are particles 
similar in mass to protons but having no electric 
charge. To obtain neutrons in the free state, nuclear 
physics has begun to use clusters of protons or 
deutons (nuclei of heavy hydrogen). These are 
accelerated to speeds corresponding to energies of 
some tens of millions of volts, by special apparatus 
such as the cyclotron, which was invented in the 
United States by E. O. Lawrence in 1930.

By such methods it has been possible to cause and 
study a large number of nuclear reactions of the type 

A  +  B -* G +  D,
where A  and B  are the initial nuclei and C and D the 
resulting ones. These ‘alchemical’ reactions are in 
many respects similar to ordinary chemical reactions ; 
but they differ above all in the very much larger 
energy balance involved (as a matter of fact it is 
some million times larger). As a rule, one of the 
reacting particles (A  or B ) is a very simple nucleus, 
such as a proton or deuton, or in the limiting case a 
helium nucleus, and the other is a complex nucleus. 
Thus the reaction A +  R- i -C ' - l -Uis  usually treated 
as the artificial disintegration of the nucleus A  by the 
particle B (a proton, for example), which leads to the 
expulsion from it of the particle D  (say a neutron). 
Really this reaction results in the union of A  and B 
into a complex nucleus (AB), which is in an unstable, 
excited state, and so spontaneously splits up : 
AB  — G +  D.

Like chemical reactions, these transformations can 
be either endothermic or exothermic. I f  A  and B have 
a charge of the same sign, the stage A  -f B -> AB  
requires a definite amount of energy for its initiation, 
and this is supplied by the kinetic energy of the 
bombarding particle B. This energy is needed to 
overcome the coulomb repulsion between the two 
particles. It is as if the nucleus A  were surrounded 
by a protective rampart in the form of a ‘potential 
barrier’ of tens of millions of volts, and if the motion 
of material particles were governed by the classical 
laws of mechanics then the particle B would have to 
have kinetic energy at least as great as the height of 
this potential barrier in order to get past it. In

• Translated by E. E, Holmberg from Vestnik Acad. Sci., U.S.S.R., 
4-5 (1943), made available by  courtesy o f the Science Section o f  the 
Society for Cultural Eelations with the TJ.S.S.E.

f  Continued from page 421.
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actual fact, the penetration of B into A  which leads 
to the formation of a complex nucleus AB  is possible 
when B has appreciably lower energies than this. 
This is due to a peculiar quantum effect known as 
the ‘tunnel-effect’. However, the probability of this 
‘tunnel-effect’ falls off very rapidly as the kinetic 
energy of B decreases. For example, if the height of 
the potential barrier around A  is ten million volts 
and B has a kinetic energy of one million volts, then 
only one such collision out o f about ten thousand will 
result in A  and B uniting. (At very small separations 
the coulomb repulsion between the nuclei is swamped 
by a force of attraction of a different kind about 
which we shall speak later.) So in spite of the tunnel 
effect, the reaction A  +  B -* AB is for practical 
purposes associated with a definite activation energy ; 
that is to say, the reaction can only take place when 
B has kinetic energy greater than a definite value.

This position is accentuated when a particle B 
travels through a solid body composed of atoms of A,  
for B interacts with the electrons surrounding the A  
nuclei and is thus rapidly slowed down. Since both 
the nuclei A  and the particle B are extremely small, 
B does not as a rule collide with an A  nucleus during 
the time it has a sufficient energy for an effective 
collision. As a result, such nuclear reactions occur 
very rarely, and out of many millions of B particles 
used to bombard the substance A,  only one will 
produce the desired result. So in spite of the fact 
that in many isothermal nuclear reactions a huge 
amount of energy is given off per unit weight, the 
utilization of this source of internal atomic energy is 
impossible in practice because of the small numbers 
o f the reacting particles. In answer to a quest ion put 
to him on this subject by a newspaper correspondent 
four years ago, Einstein said, “ It is exactly like 
throwing bricks at a raven—at night” .

The developments of the last two or three years 
have, however, somewhat shaken this pessimistic 
point of view, and have once more prompted the 
hope that the problem of transmuting atoms on an 
industrial scale can be solved.

If for our bombarding particle B we use an un
charged body, a neutron in fact, then the activation 
energy becomes zero (because the neutron is not 
repelled by the nucleus A  and can penetrate it with 
an arbitrarily small initial velocity); and what is 
more, the neutron does not interact with electrons, 
behaving among them just as it would in empty space. 
A free neutron moving through a material body must 
therefore eventually combins with a nucleus according 
to the formula A  -j- B —► AB, and its efficiency is 
100 per cent. Unfortunately, however, free neutrons 
are not encountered in Nature (and if they did exist 
we could not direct their motion). They can only be 
obtained by excitation of a nucleus by artificially 
accelerated charged particles, that is, with the help 
of the reaction A  -j- B  —> G -f- D (where B denotes a 
proton, deuton or alpha-particle, and D a neutron) 
which, as we have just seen, is very inefficient.

In 1939 a new reaction was discovered which in
volves the division of a nucleus of uranium brought 
about by slow neutrons. The uranium nucleus is at 
the limit of stability (on account of its very high 
electric charge) and divides, under the influence of 
the shock imparted by the neutron, into two equal 
parts (rather like a liquid drop which has been highly 
charged), and these two parts separate with the 
colossal energy of about 200 million electron volts. 
From this reaction two or three neutrons are set free 
with sufficiently high energy to ‘explode’ other

uranium nuclei. Thus the process can, in principle, 
become like an avalanche. To get this chain reaction, 
it is necessary first to separate from uranium, 
which is a mixture of three isotopes, the light isot ope 
with atomic weight 235, which only makes up 0 • 5 per 
cent of the total. The trouble is that this light isotope 
is much more unstable than the ordinary 238 isotope, 
and tends to disintegrate before it can capture a 
neutron. This leads almost immediately to a rupture 
of the neutron ‘chain’.

Before the beginning o f the War, physicists of all 
countries were searching for a practical solution of 
the ‘uranium problem’, that is, to find a certain way 
of causing this chain reaction of uranium.

The solution of this problem would open to 
humanity a completely new technical perspective. It 
would provide a new source of energy, millions of 
times more abundant (for equal masses of fuel) than 
coal or petroleum, although not so widely distributed. 
There is no doubt that immediately the War has 
finished, the uranium problem will occupy a central 
place in experimental and technical physics.

In addition to this there will also be an intensifica
tion of the attack on the problem of obtaining charged 
particles, nuclei of hydrogen and helium, with much 
larger energies than have been hitherto achieved. In 
the United States, where at the present time there 
are eighteen powerful cyclotrons in operation, a 
gigantic new one was under construction at the 
beginning of the War, capable of producing charged 
particles with energies of 100 million volts..

At these energies the efficiency o f the nuclear 
reactions (measured by the ratio of the number of 
neutrons liberated to the number o f charged particles 
used to produce them) must increase to values many 
hundreds and perhaps thousands of times greater 
than those hitherto achieved. I f  this is so, then the 
reactions can be carried out on an industrial scale ; 
and besides just utilizing the atomic energy, it may 
be possible to obtain by transmutation rare and costly 
elements from those widely distributed in Nature.

The rarest and most costly o f all are the radio
active elements—radium, thorium, actinium and the 
radioactive products of their disintegration. By 
bombarding normal stable atoms with neutrons, it 
has been possible to obtain new unstable atoms— 
radioactive isotopes of practically any element. For 
this it is necessary to be able to produce a sufficient 
quantity of free neutrons.

The cyclotrons already in existence provide in a 
large measure the solution to this part of the problem. 
With their help it is easy to obtain artificial radio
active elements in quantities equivalent in the 
intensity of their beta- and gamma-radiation to tens 
of kilograms of radium. So it is obvious what great 
value these results have for medicine (some large 
American hospitals have their own powerful cyclo
trons).

These artificial radio-elements have already been 
widely used as indicators in various physico-chemical 
and biological investigations (diffusion in solid bodies, 
assimilation of various substances in living organisms, 
etc.).

One of the current problems of modem nuclear 
physics is therefore to increase the efficiency of nuclear 
reactions by producing particles with energies of tens 
and hundreds of millions o f volts.

The cyclotrons are capable of communicating very 
high energies to nuclei, but not to electrons. But 
bombarding nuclei with high-speed electrons with 
energies around ten million volts appears to be more
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direct and effective than using protons, deutons, etc., 
for producing transmutations of atoms and artificial 
radio-elements. The first step in this direction has 
recently been taken, using relatively slow electrons. 
At the beginning o f 1941, Kerst in the United States 
designed and constructed a simple piece of apparatus 
which produced a stream of electrons of practically 
any required energy. The application of these ultra - 
fast electrons and the ultra-hard gamma-rays they 
produce, to the transmutation o f atoms, will be 
energetically studied by physicists of all countries as 
soon as the War ends.

Until now, we have considered the chief problems 
of nuclear physics from the experimental and en
gineering points of view. But there are no less allui ing 
and important problems on the theoretical side, and 
their solution must lead to far-reaching changes in 
our conceptions of the nature of matter. These new 
problems arose some ten years ago when the neutron 
and positron were discovered, and although the 
respective discoveries of these two particles came 
independently of each other, they are from the 
theoretical point of view closely connected.

Until the discovery of the neutron, a complex 
nucleus was imagined as consisting of protons and 
electrons (the latter in smaller numbers to give the 
corresponding positive charge). The existence of 
electrons in the nucleus was proved, so it seemed, by 
the fact that the majority of radioactive elements 
emitted them in the form of beta-rays -with an 
increase of one unit in the positive charge of the 
nucleus. Prom the other side, this theory led to a 
series of unsurmountable difficulties connected with 
the magnetic and other properties of the nucleus. 
All these difficulties were overcome when, after the 
discovery of the neutron, it Was shown that it was 
possible that the nucleus contained no electrons but 
only protons and neutrons. This, however, raised 
new difficulties over the question of the production 
of the electrons which form the beta-rays. The final 
conclusion is that these beta-rays arise (in the same 
way as photons when light is emitted) on account of 
the instantaneous transformation of neutrons into 
positrons. This bold idea, now.firmly established 
experimentally, was first advanced by D. D. 
Ivanenko.

From this, of course, it would be imagined that the 
neutron is not an elementary particle like a proton 
but something like an atom of hydrogen, consisting 
of a proton and an electron. This, however, conflicts 
with the fact, discovered by Joliot in 1934, that 
certain artificial radioactive nuclei (for example, the 
one formed by the fusion of aluminium with an alpha- 
particle) emit positive beta-rays consisting of positive 
electrons or positrons. Thus the proton can also be 
regarded as a complex particle made up of a neutron 
and a positron. Neither of these pictures Is true. 
Both the proton and the neutron are elementary 
particles in the sense that neither can be subdivided 
into still finer particles, although they can change 
one into another with the simultaneous appearance 
of an electron or positron. A very convincing argu
ment, based on the law of conservation of energy and 
momentum, shows that during these transformations 
certain neutral particles like photons must appear. 
These have been named the ‘neutrino’ and ‘anti
neutrino’. (In the opinion of some theoretical workers, 
a photon is equivalent to a pair of these particles.)

Now positrons were discovered by Anderson and 
Neddermeier completely independently of the neu
tron, during an investigation of cosmic rays and the
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influence of magnetic fields on their motion. It was 
found that a positron came into being with an electron 
and disappeared in company with another. The 
energy necessary for the formation of such an electron- 
positron pair is obtained through the annihilation of 
a photon ; conversely, when a positron-electron pair 
disappears, one or two photons appear and carry off 
the energy.

These results, which have been confirmed many 
times during the past eight years by experiment (it 
has been found possible to use ordinary gamma-rays 
and X-rays instead of cosmic rays), have thrown up 
new fundamental problems for theoretical physics—- 
problems about elementary particles.

In the nineteenth century, the elementary particles 
appeared to be the atoms. ‘Matter’, which made up 
material bodies, was regarded as a collection of 
immutable atoms of 92 different kinds.

At the beginning of the twentieth century, it was 
shown that the elementary particles were smaller 
than atoms, and that the properties o f the various 
kinds of atom were due to the envelope of electrons. 
The next to be studied was the atomic nucleus, the 
simplest representative of which is the hydrogen 
nucleus. It appeared that physics had come to the 
end of the process of the analysis of matter, having 
shown that all material particles consisted of protons 
and electrons, and that all physical and chemical 
forces (apart from gravity) could be traced to electric 
forces.

Prom 1932 onwards, that is, from the moment the 
neutron was discovered, this simple but incorrect 
picture underwent enormous conplication. Besides 
electrons there were positrons, and these and other 
particles did not appear to be immutable and in
destructible but apparently could appear and dis
appearlike quanta oflight or photons. I f  the electrons 
in the atoms and material bodies appear indestruct
ible, this is only because under normal conditions 
there are no positrons with which they can unite and 
so disappear, and also because, generally speaking, 
changes of protons into neutrons in the nucleus are 
energetically ‘unprofitable’ and therefore impossible.

The question arises, Is the indestructibility of 
protons and neutrons, apart from their mutual inter
change, real or only apparent, like that of the elec
tron ? A number of demonstrations and experimental 
facts relating to the behaviour of neutrons and protons 
tends to show that they are in fact, in every respect 
except their mass, very similar to electrons. There
fore it seems very probable that, like electrons, they 
can in favourable circumstances appear and disappear 
in conjunction with their hypothetical opposites, the 
antiproton (that is, a proton with negative charge) 
and the anti-neutron.

I f  for the birth of an electron-positron pair we need 
the ‘blow’ of a particle (say, a photon) with an energy 
of one million volts, according to Einstein’s law 
(product of mass and the square of the velocity of 
light) we need for the joint birth of a neutron or 
proton with its corresponding anti-particle .a particle 
with an energy 2,000 times greater, that is, with an 
energy of 2 x 10* volts. At the present time, such 
particles are found only in the cosmic rays ; so it is 
here that we must look for the phenomenon o f the 
‘materialization’ o f neutrons and protons. Later on, 
when'physics can produce artificially particles with 
energies around 10* volts, the process of creating 
neutrons and protons (together with their opposites) 
will be controlled just as to-day we can control the 
creation of electron-positron pairs (by using hard
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X-rays). The demonstration and control of these 
phenomena are the most interesting problems of 
nuclear physics. Of course, the reality may turn out 
much more complicated than our scheme based on 
analogies with proton and neutron on one side and 
with electrons on the other. The method of analogy 
is usually limited, but even so it is usually very fruit
ful (as was shown, for example, in the development 
of the study of light and matter). It is quite possible, 
however, that besides neutrons, protons and their 
antilogues, we shall be able to create particles with 
mass, magnetic moment and other properties 
hitherto unknown.

Physics had scarcely recovered from the unexpected 
appearance of neutrons and positrons when in 1937 
Anderson discovered a new type of elementary 
particle, called the mesotron or meson, in cosmic 
rays. These particles have the same electric charge 
as an electron or positron, but their mass is some 
200 times greater than that of an electron, that is, 
about one tenth that of the mass of a neutron or 
proton. They come into being in the upper layers of 
the atmosphere as the result of some as yet unknown 
process o f interaction between the primary con
stituents o f cosmic rays (photons, electrons or protons) 
and atomic nuclei. Their life is only some millionths 
of a second, yet in this time they are able to pierce 
the surface of the earth and penetrate to a depth of 
some hundreds of metres. Finally, the mesons are 
destroyed by some form of radioactive disintegration 
into electrons and neutrons.

Apparently the mesons play an essential part in 
the creation of attractive forces between protons and 
neutrons at small distances (as, for example, when 
they are bound together in a complex nucleus). 
According to a theory put forward in 1936 (that is, 
before the discovery of the meson) by the Japanese 
physicist Yukawa, the attraction between neutron 
and proton can be described as due to a kind of ‘ball 
game’ during which fragments are emitted by one 
particle and absorbed by the other. From considera
tions of the radius of action of nuclear forces, Yukawa 
concluded that these fragments should be about 200 
times more massive than an electron, and would 
therefore correspond to mesons. However, the 
development of Yukawa’s theory into a general 
explanation of nuclear forces has not been com
pletely satisfactory as yet.

The development of physics during the last ten 
years has given rise to numerous completely new and 
unexpected problems connected with the nature of 
matter. The conception that matter consisted of 
indestructible elementary particles with immutable 
properties has been shown to be false. True, we have 
not yet had direct experimental demonstration of the 
destruction of the heavier elementary particles such 
as protons and neutrons, but already the one fact of 
their mutual interchange (in the beta-decay process 
o f radioactive substances) shows that they are no 
more permanent than electrons. To-day, the problem 
of matter is concerned not so much with the explana
tion of the properties of elementary particles as with 
the explanation of the circumstances of their appear
ance, disappearance and mutual interchange. There is 
also the fact that certain particles are not only ma
terial objects but also agents of transmission of force 
between other particles. Thus, for example, photons 
play the part of transmitters of electro-magnetic 
forces between charged particles (electrons, protons 
and mesons), and are tossed across the separating 
space like balls. As we have seen above, mesons play

an analogous part in the transmission of non-electro- 
magnetic ‘nuclear’ forces between nucleons, as protons 
and neutrons are called. It is possible that nucleons 
themselves will be shown to be agents of transmission 
for as yet unknown forces between unknown particles.

The material world, which a short time ago con
tained only protons and electrons, is beginning to be 
occupied by an increasing number of particles of 
ephemeral existence and the double role o f sources 
and transmitters of force. It is not too much to think 
that with the use of more powerful sources of energy, 
physics will be able, starting with known particles 
such as protons and electrons, to discover or rather 
create new particles with completely different masses, 
mechanical and magnetic moments, and electric 
charges. Some of these will be unstable'or radio
active like the meson, while others, like the positron, 
will be stable in the absence of their anti-particle 
with which they unite and disappear.

This picture of matter, painted by modern physics, 
appears fantastic at first sight. Actually it is only 
unusual in terrestrial conditions. In the interior of 
stars where temperatures reach millions of degrees 
centigrade, the picture would be completely normal. 
To-day it can be taken as established that the source 
of energy coming from the sun and other stars is a 
nuclear reaction (probably chiefly the formation of 
helium fro m  hydrogen). A still more intense stream 
of energy comes from certain stars during a spon
taneous process of explosion, which results in the 
formation of what is called ‘nova’ . The metamor
phosis of matter which occurs in the interior of these 
stars leads to the emission of a huge quantity of 
energy.

Information about these distant cosmic processes 
comes not only from the rays of visible light emitted 
by stars, but also from the cosmic rays which traverse 
the earth’s atmosphere and penetrate the earth itself 
to a depth of some hundreds of metres. At the limit 
of the earth’s atmosphere and in the stratosphere, 
the cosmic rays consist predominantly of photons 
and charged particles, electrons, mesons and some 
protons with energies ranging up to 1016 volts. The 
mesons, as also apparently the electrons, arise at the 
edge of the earth’s atmosphere. So the question of 
the original composition of the cosmic rays remains 
unanswered, like the question of the origin of these 
rays. Providing the answers is one of the current 
problems of modern physics and astrophysics.

The conception that matter consists of elementary 
particles is one-sided, although practically it is justi
fied under terrestrial conditions with our compara
tively meagre sources of energy.

The mutual interaction of material particles can be 
handled with the help of the concept of the dynamic 
field. To-day we know three kinds of such fields : 
gravitational, electromagnetic, and finally the recently 
discovered and as yet unnamed fields which char
acterize nuclear forces.

These fields extend continuously throughout all 
space, concentrating in the neighbourhood of material 
bodies and particles which give rise to them.

The fields due to separate particles can be com
bined into a ‘resultant’ . This raises the question of 
the action upon an individual particle of its own 
field, which was first posed by J. J. Thomson in con
nexion with charged particles. It was shown that to 
a first approximation the reaction of an electro
magnetic field upon the particle producing it was 
formally identical with the force of inertia. Applying 
this result to a single electron, Lorentz showed that
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the inertia or mass of the electron could be com
pletely attributed to the reaction of its electric field 
it the charge was supposed as concentrated in a 
sphere of radius 1 0 - “  cm. According to this, the law 
ol motion of an electron turns out to be equivalent 
r0 *is statement that the electron moves so that the 
total force on it, as determined by the resultant field, 
is zero. This Lorentz principle’ is equivalent to the 
conservation of energy, momentum and moment of 
momentum for any system of electrons if we associate 
these magnitudes not with the electrons themselves 
but with the electromagnetic fields they produce.

lhat the concepts of conservation of energy 
momentum, and moment o f momentum, which arose 
m the mechanics of moving particles, could be applied 
to the electromagnetic field, had been realized before 
Lorentz put forward his theory. It was, however, 
only after the inertia o f the electron had been 
^ a? f . aU the Usult of electromagnetic reaction that its kinetic and potential energy could be treated 
as the electric and magnetic energy of its field.

In this way the electromagnetic field was shown to 
oe the vehicle of all the mechanical properties 
(energy, mass, momentum, etc.) which were earlier 
ascribed to material particles. The particles were 
thus considered not as sources of fields but as pro
ducts of them—rather like knots in the lines of 
torce. The question of the force of interaction 
between these ‘knots’, like the question of self- 
reaction, loses its meaning, as the resultant force 
experienced by each of them is zero. The laws of 
motion of the particles formed by the field agree 
completely with the law of conservation of energy 
and momentum of the field.

The further development of field theory concerns 
the solution of three types of problems: first, 
problems of the structure of electrons and the atomic 
nature of electric charge ; secondly, the dynamics of 
nuclear fields ; and thirdly, the quantization of 
dynamical fields.
, , J hT St™cture of the eIectr°n has been tackled 
hitherto from two angles, one treating it as a point 
charge and the other as if it had extension. Along 
both avenues of approach insuperable difficulties have 
been encountered. These difficulties, as also those 
connected witn the atomic nature o f the charge, will 
probably be solved by a thorough application of 
quantum theory ideas, but before this is possible we
mechanics1161, deVelopment of modem quantum
. '?he importance of the dynamics of nuclear fields 
is due to our ascribing the inertia of nuclear particles 
to the reaction of their own fields. The attempts 
which were made earlier to treat the inertia of protons 
as due to the reaction of their electromagnetic field 
lost their meaning when the neutron was discovered 
tor the neutron, even without electric charge, has a 
mass very close to that of the proton. In a number 
o papers to-day this non-electromagnetic mass is 
treated as a magnitude corresponding to some nuclear 
charge bearing the same relation to the nuclear fields

f i ! m r r t leCtn<: ChargS does t0 the electromagnetic 
6ld‘ .i j  6 Pr° tons and neutrons themselves are thus 

regarded as knots’ in a nuclear field, either apart 
from or m combination with an electromagnetic

From this point o f view matter is a collection of 
mterpenetrating dynamical fields, electromagnetic 
and nuclear, with material particles and bodies 
forming knot points. These points can under certain 
conditions appear and disappear, although the energy
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of the field, the momentum and other fundamental 
properties remain unchanged.

This picture is still only a provisional sketch. In 
order to complete it we need further development of 
the ideas of the quantum theory. The essence of this 
theory is an organic statistical synthesis of con
tinuity and discontinuity. It was first introduced in 
the studies of the motion of particles and of light, 
and through the development of the quantum aspect 
01 dynamical fields has helped enormously towards 
the solution of the problem o f matter. As a result 
new particles have appeared on the physics scene! 
Inese are m addition to those which create, or are 
created by, the known dynamic fields, and serve as 
\ ehicles of interaction between the original particles.

in the case of electromagnetic fields, for example 
the sources, or if you like products, of which are 
electrons, the corresponding quantum particle, the 
transmitter of electromagnetic action is the photon. 
In the case of nuclear fields created by protons and 
neutrons, the corresponding quantum particle is 
apparently the meson. On the other hand, mesons, 
like electrons, take part in the creation of the electro
magnetic field. This prompts the very natural thought 
that m a sense all particles are quanta with respect 
to some other particles. In particular, the electron 
positron pair could in all probability be treated as 
quanta of some as yet unknown field, which in its 
turn is created by other particles, for example, the 
nucleons. But the nucleons could play the same part 
m relation to other particles probably as yet undis
covered.

But here we are crossing the boundaries of modern 
physical science and risk falling into the realm of 
unscientific phantasy. Nevertheless, recent develop
ments of physics have shown how limited and narrow 
our previous ideas about the physical world were, so in 
a survey of the problems of modem physics we need 
not fear a certain extension of its frontiers, even if it 
is not yet fully justified.

VALUE TO THE STUDY OF 
CHINESE CIVILIZATION OF 

COLLECTIONS AND MUSEUMS 
IN BRITAIN

By Prof. W .  P ER C EV A L YETTS, C.B.E.
Professor of Chinese A rt and Archaeology in the 

University of London

AT no period in the history of the world has the 
attention of civilized nations been so fully 

directed towards China, its early history and modern 
position as at the present moment.”  These words, 
though true to-day, were in fact written exactly a 
century ago to preface the catalogue of London’s 
first Chinese Exhibition. It was the enterprise of 
an American, named Nathan Dunn, who, during 
twelve years spent in China as a merchant, had 
collected the 1,341 exhibits, representing, so he 
claimed, “ the Chinese world in miniature” . More 
than fifty thousand persons visited his collection 
m a pavilion built for it near Hyde Park Corner. 
Presumably the exhibits were in due course shipped 
back to their owner in Philadelphia.

The next display of the kind remained in England 
and so contributed to the beginnings of our Chinese
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Food Supplies in Relation to Human Needs. Part 2. 
Requirements in Terms of Food. Dundee, May 1942. 
Problems of Collective Feeding in War time. London, 
May 1942.

Q l o s .  3  &  4

Scientific Meetings :
Dehydration of Foods and the Effect on their Nutrit
ional Value. London, July 1942.
Food Supplies in Relation to Human Needs. Part 3. 
Signs and Symptoms of Deficiency Diseases. Auchter- 
arder, August 1942.
Trace Elements in Relation to Health. London, 
October 1942.
The Influence of Diet on Pregnancy and Lactation in 
the Mother, the Growth and Viability of the Foetus, 
and Post-natal Development. Part I. Pregnancy. 
Edinburgh, December 1942.

---------------  •  -----------------

T he proceedings are  published by T h e  N u tr it io n  Society, 
and a re  p rin te d  and d is trib u ted  fo r  th e m  by W .  H e ffe r  
&  Sons L tfl., C a m b rid g e , England. T he  subscription is 
now  25s. net p er vo lum e o r  15s. net p er double num ber. 
O rd e rs  m ay be placed w ith  th e  D is tr ib u to rs  o r w ith  
any Bookseller.

' M E T H U E N -
Higher Education in 

Nazi Germany
or

EDUCATION FOR WORLD-CONQUEST
By Professor A. WOLF 

A book which tells how the universities and 
technical schools of Germany have aided and 
abetted the cultivation of barbarity from 1918 
onwards. Square F’cap 8vo. 5s. net

The British Universities
By SIR CHARLES GRANT ROBERTSON, 

C.V.O., M.A., Hon. LL.D.
A brief account of the origin and growth of our 
Universities, leading up to a discussion of their 
present position and their post-war future.

Crown 8vo. 4s. 6d. net.

The Art of W ar on Land
Illustrated by Campaigns and Battles of All Ages 

By LT.-COL. A. H. BURNE, D.S.O.
With a Foreword by Major-General J. N. 
Kennedy, C.B., M.C. Cr. 8vo. 10s. 6d. net

The U.S.S.R.
AN ECONOMIC AND SOCIAL SURVEY 

By S. P. TURIN, D.Sc.
Lecturer in Russian Economic History in the 

University o f London.
A  detailed study of Russian economic, geo
graphical and social conditions based on 
original Russian sources.

Demy 8vo. With numerous maps. 16s. net

A Beginner’s Russian 
Conversation
By ELISAVETA FENN 

Author of A Beginner's Russian Reader 
Easy conversations on everyday topics, with 

full vocabularies. Grown 8vo. 2S.

Physico-Chemical
Methods

By JOSEPH REILLY & W. N. RAE
A book for the advanced student and for the 
technical and research worker. 4th edition, 
revised and considerably enlarged.

2 vols. 586 diagrams. 84s.

A School German Course
By D. H. STOTT, M.A.

Sixth Form Language Master, Watford 
Grammar School

A new three to four years’ course up to Matricu
lation standard, including reading material, 
verse, direct method and other exercises, prose 
translations, comprehension tests, picture 
stories for free composition, and oral work. 
Grammar is presented by inductive and other 
active methods.

Grown 8vo. In two parts. 5s* each.

=  Methuen & Co. Ud., 36 Essex S t ,  W.C.Zi
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The vacancies advertised in these columns 

are available only to applicants to whom the 
Employment of Women (Control of Engage
ment) Oraers. 1942-3, do not apply.

HARRISON M EMORIAL PRIZE,
1944

, , / n accordance with the Trust Deed governing 
the Hamson Memorial Fund, the Selection Com- 
mittee consisting of the Presidents of the 
S l T 'S 1 |ocl.e*y- ‘ he. Royal Institute of Chem- 
p ,ry'  ̂ G Society of Chemical Industry, and the 
Pharmaceutical Society, will proceed to make
r w aWurd ■,nLthev?Iarrison Memorial Prize in December, 1944, subject to the condition that the 
Selection Committee shall be of opinion that there 
IS a candidate of sufficient distinction to warrant 
an award of the Prize
t„ TU  P£ Ze’- ? ° ‘  exceeding /150, will be awarded 

ch£? ? lst, o f «lther being a natural born 
British subject and not at the time over thirty
rnmm?HaSe'i,Wn0’ JIn -the °Pinion of the Selection Committee, shall during the previous five years, 
have conducted the most meritorious and promis
e d  u?3 lnv“ tlSa‘ lons in Chemistry and pub- 

s r S f i ,  r^ ' - ts , of those investigations in a scientific periodical or periodicals.
cmhm?tSti0LS’ i5Ve c° ? ies of which must be 
tiorr ^ d’ shou d contam the following informa-

(a) Name (in full).

(b) appei i c i t a ) .  Certificate must accomPany 
degrees (name of University where ob-

(d) Other qualifications.
(e) Experience.
(f) Titles o f published papers, with authors'

names, including full references to pub
lication. H

(g) Where research was carried out.
(h) Testimonials and references.
(l) Any other particulars bearing on the

application.
The Selection Committee is prepared to con- 

sider applications, nominations, or information as 
to candidates eligible for the Prize. Any such 
communication must be received by : the Presi-
Picr^.Tw w  f raica ,So.cletJi  Burlington House, Piccadilly, W .l, not later than Friday, Dec. 1, 
1.144. Candidates must not be more than 30 years 
of age at this date.

LONDON (ROYAL FREE HOSPITAL) 
SCHOOL OF MEDICINE FOR 

WOMEN
(UNIVERSITY OF LONDON)

Hunter Street, Brunswick Square, W .C.l 
Entrance Examination, 1945

Notice is hereby given that an Entrance Exam-
Sst^andf' , r alxrf?-ndidao es £or admission to the ¥*d , 2?d Medical Courses in October, 1945, will be held on January 25, 1945.
rA ?,PliCaK10nrS on the Prescribed form must be 
S 'l bny f anuary IMS.-Full particulars and 
undersigned. be ° btained from the

NANCIE MOLLER. 
Warden and Secretary.

BELFAST EDUCATION 
COM M ITTEE

COLLEGE OF TECHNOLOGY 
Applications are invited for the position of

J w iS nt If Cl!irer45 the Mechanical Engineering Department. Candidates must possess an approved 
P egree ,?I j ts equivalent and should

n“ r Tb:atrmfied to teach Metaii° »Se^g? b°yf
hW JS  i l 0 -to ^80° and thereafterby £15 to £450. Appropriate war bonus is paid. 
/  aei. sa£ary will be increased by £50
to holders of _ honours degrees. Past service in 
Great Britain is recognized for pension and incre- 
ment purposes.

Application forms and full particulars may be 
obtained from the undersigned, with whom the
OctDS80m i944be l0dged n0t kter than Monday.

J. STUART HAWNT,
Education Office Director of Education.

College of Technology, Belfast.

THE POLYTECHNIC
REGENT STREET, LONDON, W .l 

DEPARTMENT OF CHEMISTRY AND 
BIOLOGY

A full-time LECTURER IN CHEMISTRY is 
required in January, 1945.

The work will include advanced Physical 
Chemistry up to B.Sc. special standard.

Salary in accordance with the Burnham 
.technical Scale for London (plus wartime bonus), 
subject to the usual 5 per cent, deduction for 
superannuation.

Forms of application, which must be returned 
hy Uct. 16, can be obtained by sending a 
stamped addressed foolscap envelope to the 
Director of Education, The Polytechnic, 
Regent Street, W .l.

STAFFORDSHIRE EDUCATION 
COM MITTEE

COUNTY TECHNICAL COLLEGE, 
WEDNESBURY

Applications are invited for a Lectureship in 
the Engineering Department of the College. An 
Engineering Degree and_ ability to teach Mathe
matics up to Higher National Certificate stand
ard are essential. Teaching and Industrial 
experience are desirable.

Salary will be in accordance with the Burn
ham 1 echmcal scale plus war bonus, but the 
payment of an additional allowance to a man 
with suitable qualifications will be considered 
horm of application and conditions of appoint
ment may be obtained from the undersigned 
by whom applications should be received on or 
before Saturday, October 14, 1944

F. A. HUGHES,
r  , tt j , • Director of Education.County Education Offices,

Stafford.

CITY OF LEICESTER 
EDUCATION COM M ITTEE
COLLEGE OF TECHNOLOGY AND 

COMMERCE 
Principal:

L. W. Kershaw, O.B.E., B.Sc., A.M.I.C.E.
Required, a full-time Lecturer in Chemistry 

Applicants should possess an Honours Degree and 
be able to teach the subject to Degree standard; 
experience in industry would be of advantage 
,T? a!ary , m accordance with the Burnham 
(1 echmcal) Scale, with allowance for industrial 
expenence> (plus war bonus).

Applications, together with copies of not more 
than three recent testimonials, and names of 
two persons to whom reference may be made 
should be sent to the Principal, College of 
technology and. Commerce, The Newarke 
Leicester, not later than Oct. 18, 1944

H. S. MAGNAY, 
Director of Education.

THE UNIVERSITY OF 
MANCHESTER

BEYER CHAIR OF ENGINEERING
Applications are invited for appointment to the 

rionn +posA pin Faculty of Science. Stipend 
£1,300 to £1,600 per annum, according to qualifi
cations. It is hoped that the successful candidate 
would enter upon his duties on Sept. 29, 1945, 
but arrangements might be made to commence 
at a later date. Candidate should possess qualifi- 
bothnS ^  ^ lvd or ^ echanical Engineering or

Applications, which must be received on or 
before Nov. 18 1944, should be sent to the 
Kegistrar, The University, Manchester, 13, from 
whom further information may be obtained.

THE UNIVERSITY OF LIVERPOOL
. The Council of the University of Liverpool 
mvites apphcations for the David Jardine Chair 
ot Electrical Engineering (with special reference 
to Electronics and the relations between Electrical 
7,n?S,eenng and Physics). Salary not less than 
£1,500 per annum. The University is prepared 
to grant leave of absence on the ground of work 
ot national importance to a professor who is 
unable to take up his duties upon appointment. 
1 he last date for the receipt of applications is 
Dec. 29, 1944. Candidates who are overseas may 
apply by cablegram, giving the names of three 
referees—Further particulars can be obtained 
from the undersigned.

STANLEY DUMBELL,
Registrar.

K IN G 'S COLLEGE, 
NEWCASTLE UPON TYNE

IN THE UNIVERSITY OF DURHAM
Applications are invited for the post of I 

Research Assistant in the Veterinary Laboratory 
of the Agricultural Department of King's College. L 
Salary from £300 to £500 per annum, according [ 
to qualifications and experience.

Further particulars may be obtained from the 
undersigned to whom four copies of applications, 
together with the names of three persons to whom t 
reference may be made, should be sent not later 
than Saturday, Oct. 14, 1944

G. R. HANSON. 
Registrar of King’s College.

RESEARCH FOR THE PAPER 
AND BOARD INDUSTRY

The British Paper and Board Research Associa
tion in process of formation propose, at an early 
date or when National Service obligations permit, 
to appoint a Director of Research at a salary of 
the order of £2,000 per annum with participation 
in _ the Federated Superannuation System for 
Universities. Interested research workers of 
British nationality (by birth) are invited to 
forward to the President of the Paper Makers’ 
Association of Great Britain and Ireland, Mel
bourne House, Aldwych, London, W.C.2, such 
particulars of their career as will indicate 
(a) their attainments in Science and/or Engineer
ing, and (b) an ability to organize a research 
station and to lead a large research staff.

Applications are invited for appoint
ments as Assistants at the Fuel Research Station, 
Blackwall Lane, Greenwich, London, S.E.10, for 
abstracting and translating of scientific literature 
relating _ to fuels. Candidates should have 
qualifications in one or more of the following 
subjects: Chemistry, Physics, Engineering ;
together with a good knowledge of French and 
German. A working acquaintance of either 
Russian or Spanish would be an advantage. 
Salary in the range of £250—£500 per annum 
(inclusive of war bonus), according to qualifica
tions and experience.—Applicants should write, 
quoting F.2985A, to the Ministry of Labour and 
National Service, Central Register, Room 432, 
Alexandra House, Kingsway, London, W.C.2, for 
the necessary forms, which should be returned 
completed on or before Oct. 21, 1944.

Applications are invited for thetposition
of Deputy to the Chief Chemist and Metallurgist 
of a Works in North-West England. Candidates 
must _ possess a good knowledge of organic 
chemistry and metallurgy as applied to the 
m^erials used for the distribution of electricity, 
and be experienced in administration. Salary, 
£800 to £1,000 per annum. Submit full details 
with application—Reply to Box 253, T. G. Scott 
*T Son, Ltd., 9 Arundel Street, W.C.2.

Experienced Organic Microanalyst,
familiar with the standard determinations, 
urgently required in the Organic Chemistry 
Department, Imperial College, London, S.W.7. 
Salary _ according to age and experience, super
annuation scheme in operation.—Detailed applica
tions, with recent testimonials, must be received 
by the Professor of Organic Chemistry before 
Oct. 21, 1944.

B.Sc. (30) Chemistry, Physiology,
Zoology, wants Biological post, now or at end 
of war. Experienced microscopist. Now on 
research and experimental work in dyestuffs.— 
Box 252, T. G. Scott & Son, Ltd., 9 Arundel 
Street, London, W.C.2.

Microcopying. —  Typescripts, Rare
Books, Scarce References Copied. 2d. per page 
(minimum 3s. 6d.). Send by registered post to: 
Adrian Cotes, 68 Carlton Hill, N.W.8.

Wanted: Complete sets and runs of
Scientific Periodicals, including Nature and 
Learned Society publications.—The Scientific 
Book Supply Service, 5 Fetter Lane. London, D.U.4.

Microscopes, of all descriptions, only 
c  jWj available second-hand, perfect condition, 
bend details of your requirements enclosing 3d. 
stamp. Telephone or correspondence only: 
Chards, 47 Beckenham Road, West Wickham. 
Kent (Spring Park 1628).
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A Princeton Scientific Book

THE HORMONES 
IN HUMAN REPRODUCTION

By GEORGE W . CORNER

SCIENCE: "A  masterpiece. Even those of us who are intimately 
engaged in various aspects of the field o f internal secretions are 
carried away with enthusiasm over Dr. Corner's skilful narrative 
of a detective story involving the innumerable facts accumulated 
during the past century by many inquisitive scientists. . . . Laymen, 
physicists, chemists, biochemists, and biologists alike will find this 
book exceptionally interesting and valuable."

ENDOCRINOLOGY: "A  skilful refutation o f the current concept 
that scientific writing, to be accurate, must also be dull. . . . W ill 
be read by the biologist as an absorbing document of contemporary
science."

JOURNAL OF THE AMERICAN MEDICAL ASSOCIATION : "One 
of the most delightful books that has come to the attention of the 
reviewer in many years."

266 pages. 56 illustrations. Revised 
printing, 1944. 18s. 6d. net
A  Selection of the Scientific Book Club 
o f America.

CONTENTS.
The place of the higher animals, and of 
mankind in particular, in the general 
scheme of animal reproduction. The 
human egg and the organs that make and 
care for it. The ovary as timepiece. The 
hormone of preparation and maturity. A 
hormone for gestation. The menstrual 
cycle. Endocrine arithmetic. The hor
mones in pregnancy. The male hormone. 
Chemical structure of the sex gland hor
mones.

PUBLISHED IN GREAT BRITAIN BY HUMPHREY MILFORD, OXFORD UNIVERSITY PRESS

RECENT PUBLICATIONS

Carnegie Institution of Washington
WASHINGTON 5) D.C.

Pub. No.
548 B o y s ,  R a l p h  L. The Indian Background of 

Colonial Yucatan. Octavo, vii+244 pages, 
5 maps, 23 figures. Paper, $1.75 ; cloth,
$2.75.

552 B r i d g e s ,  C a l v i n  B., and K a t h e r i n e  S. 
B r e h m e .  The Mutants of Drosophila melano- 
gaster. Octavo, vii+257 pages, 128 text 
figures. Paper, $2.50; cloth, $3.00.

554 D o b z h a n s k y ,  T h . ,  and C a r l  E p l i n g .  Con
tributions to the Genetics, Taxonomy and 
Ecology of Drosophila pseudoobscura and Its 
Relatives. Octavo, iii+183 pages, 4 plates, 24 
text figures. Paper, $2.25 ; cloth, $2.75.

Year Book No. 42 (July 1, 1942-June 30, 1943). 
Octavo, xxxii 4-10+208 pages. Reports on 
current research from all the departments of 
the Institution. Paper, $1.00 ; cloth, 81.50.

T h e  C a r n e g i e  I n s t i t u t i o n  o f  W a s h i n g t o n ,  W a s h i n g t o n  5 ,  D . C . ,  
h a s  p u b l i s h e d  s o m e  8 0 0  v o l u m e s  c o v e r i n g  t h e  w i d e  r a n g e  o f  i t s  
r e s e a r c h e s .  O r d e r s  m a y  b e  p l a c e d  d i r e c t  o r  t h r o u g h  r e g u l a r  d e a l e r s .  
A d v i s e  s u b j e c t s  i n  w h i c h  y o u  a r e  i n t e r e s t e d ,  a n d  a  c a t a l o g u e  w i l l  
b e  s e n t  u p o n  r e q u e s t .

Btei 1

Mathematics for 
Electricians and Radiomen

By NELSON M. COOKE
Chief Radio Electrician, US. Navy

604 pages, 9 x 6 ,  28s. net

THE dominant aim of this book is to furnish the 
electrical and radio student with a sound mathe

matical foundation and to show him how to apply 
this knowledge to the solution of practical problems 
most frequently encountered in actual practice.

The mathematical scope of the book includes 
elementary algebra through quadratic equations, 
logarithms, trigonometry, plane vector and ele
mentary vector algebra as applied to alternating 
current circuits. Throughout the book, chapters 
are included which deal entirely with the applica
tion of preceding mathematical principles to 
electrical circuits.

McGraw-Hill Publishing Co. Ltd.
^ ^ 5 5 5  A ld w ych  H o u s e , L o n d o n , W .C .2  B B B
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A twelve page list giving details of repro
ductions of G e rm a n  T e c h n ic a l P u b l ic a t io n s  

issued under the authority of the Alien 
Property Custodian in Washington has 
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on application.
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THE ELECTROPHORESIS APPARATUS
W I T H  I M P R O V E D  O P jT IC jA L  S Y S T E M

Based upon the apparatus of Prof. A. Tiselius, Upsala

IŜ AVAILABLE IN CONVERTIBLE FORM FOR 
test capacities of 150 ml., 10 ml. and 2 ml.

IS SUITABLE FOR
the analysis of high molecular compounds 
the separation of homogeneous components

IS APPLICABLE TO
Enzymes, Polymerisation products, Proteins 
and Biocolloids in general

IS ESPECIALLY USEFUL 
when mixtures cannot bepseparated 
chemically

—«  ELECTROPHORETIC PATTERN
of diphtheria antitoxin horse serum as 
directly photographed on the apparatus

Full particulars on request from—
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collections. At the wish of the Prince of Wales, a 
special invitation to take part in the International 
Fisheries Exhibition of 1883 had been sent to the 
Chinese Government, which responded by instructing 
the Inspectorate-General of Maritime Customs to 
make the necessary arrangements. The resultant 
Chinese Court in the Exhibition at South Kensington 
was a great success, and it continued with additions 
to do service at two other International Exhibitions, 
Health and Inventions, held in 1884 and 1885 
respectively.

The catalogue of the Chinese part at the Health 
Exhibition shows that the intention was, like that 
of Mr. Dunn, to represent the material civilization of 
everyday China. There were typical living-rooms 
fully furnished, lay figures dressed in costumes worn 
by every class, various means of transport including 
a catafalque, stoves, weapons and a macabre item 
in an effigy of a dead Buddhist priest undergoing 
cremation. Thirty Chinese came from China : ten 
shopkeepers to ply their trade in four well-stocked 
shops ; ten cooks to supply Chinese dishes in the 
restaurant; six musicians to sing, play and a ct ; a 
carpenter, a painter and two barbers to exercise 
their callings in public. As to the shops, the carved 
fronts for which came from China, one was occupied 
by a Peking firm of curio dealers, one by a firm from 
Kiukiang with modern porcelain, one by tobacconists 
from Hankow, and one by a Canton firm selling 
miscellaneous fancy goods.

These exhibitions marked a new phase. Since the 
sixteenth century, when free intercourse by sea 
began between the Far East and the West, products 
of Chinese craftsmanship had been imported in 
profusion. Few houses of the well-to-do in Britain 
lacked some example, and the strange charm of these 
things inclined our forefathers to accept unhesita
tingly fanciful and Utopian accounts of their place 
of origin. Indiscriminate admiration for Chinese 
notions and products, and those supposedly Chinese, 
was the vogue. Towards the latter part of the eight
eenth century fashion changed and intellectual 
Europe became obsessed with the world of ancient 
Greece and Rome. In the nineteenth century com
merce and other contacts increased our opportunities 
of knowing the real China, and then we started to 
explore the field of art and archeology in earnest. 
The notable collection of Mr. A. W. Franks (after
wards Sir Wollaston Franks), first exhibited in 1876, 
passed in time to the British Museum and provided 
the foundation of Chinese ceramic collections there. 
The exhibition in 1876 was ably described by Mr. 
Franks in a remarkable catalogue which shows a true 
scientific spirit. But the greatest advance in such 
studies was achieved by the numerous writings of 
Dr. S. W. Bushell, who had the advantage of contact 
with Chinese scholars while serving as medical 
officer to the British Legation in Peking during 1868- 
1899. He it was in 1882 who made a basic contri
bution to the Victoria and Albert Museum by under
taking to buy for it a number of objects of Chinese 
craftsmanship, chiefly porcelain. For the same 
Museum he wrote two volumes of a handbook on 
“ Chinese Art” , published in 1904 and 1906, which as 
to scope and scholarship was a pioneer work and has 
not yet been bettered in some respects. Another 
medical man did a like service as to Chinese painting. 
William Anderson, who had been professor of anatomy 
and surgery at a college in Tokyo, sold his collection 
of paintings to the British Museum in 1882. Of these, 
114 were Chinese, and they formed a nucleus. Four

years later was published his catalogue of Chinese 
and Japanese paintings in the Museum, the first 
serious study of the subject in a Western language— 
again an instance of British initiative.

Such were the signs during the middle nineteenth 
century of reawakened interest in the material culture 
of China. In both our great national museums pro
gress was quickened by bequests and the example 
of private collectors. For example, George Salting 
allowed for more than twenty years his unrivalled 
collection of some two thousand pieces of Ch‘ing 
porcelain to be displayed in the Victoria and Albert 
Museum, and bequeathed it to remain there after his 
death, which occurred in 1910. Our greatest collector 
was George Eumorfopoulos. During the first thirty- 
five years of this century he gathered together with 
rare enterprise and acumen more than four thousand 
objects representative of nearly all media of Chinese 
art and craftsmanship. His collection set a new 
standard ; it was bought for the nation in 1935 and 
then divided between the British and the Victoria 
and Albert Museums.

Mention has not yet been made of bronzes, because 
they scarcely figured at all in the early days. Prob
ably Eumorfopoulos was the first to recognize the 
significance of ritual bronzes as the chief monuments 
of ancient Chinese civilization and basic criteria for 
the beginnings of Chinese art. Even Bushell seems 
to have been unacquainted with the best archaic 
bronzes, if one may judge from his writings. Though 
Eumorfopoulos gradually added many to his collec
tion, no truly representative lot of bronzes had been 
seen in Great Britain until the great International 
Exhibition of Chinese Art in London, which during 
less than four months in 1935-36 attracted nearly half 
a million visitors. Many considered the bronzes the 
most illuminating exhibit because of the carefully 
chosen series of 108 pieces lent by the Chinese Govern
ment. Undoubtedly this display, so essential to an 
understanding of early Chinese culture, created a 
deep impression and stirred collectors to fresh effort. 
Quite a number now own notable bronzes: for
example, Sir Alan Barlow, Mr. Robert Bruce, Mr. 
A. E. K. Cull, Sir Herbert Ingram, Sir Neill Malcolm, 
Mr. H. Oppcnh im and Mr. and Mrs. Walter 
Sedgwick. The Cull Collection, small yet important, 
may be studied in a published catalogue.

From the first the ceramics have been better repre
sented than any other medium. An attempt at a 
statistical survey would be wearisome ; suffice it to 
say that almost all museums in Britain have some 
specimens, but comprehensiveness is approached in 
none except the British and the Victoria and Albert. 
The Lady Lever Art Gallery at Port Sunlight has a 
magnificent range of Ch‘ing porcelain and little from 
other periods. That reflects the prevailing aim of 
collectors in the last century, who were content with 
these superb later products. During recent decades 
the fashion has been to seek the wares of earlier 
periods, and some remarkable collections are the 
outcome. Those of Sir Alan Barlow, Mr. and Mrs. 
Alfred Clark, Sir Percival David and Sir Herbert 
Ingram should be mentioned. The Clark Collection 
may be studied from photographs at the Courtauld 
Institute of Art, and an account of the David Collec
tion has been published. The Ingram Collection is 
specially strong in Yiieh ware.

In a short article omissions are inevitable. Yet 
jade must not he left out, since it has always figured 
prominently in the social and religious life of China. 
That ardent connoisseur, the late Oscar Raphael,
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had a special liking for jade. His fine collection of 
Chinese antiquities in jade and other media was 
bequeathed to the British and Fitzwilliam Museumsi 
Numerous jade carvings are among Sir Charles 
Hardinge’s collection of 2,539 small objects made of 
more than a hundred different materials, the whole 
affording striking evidence as to Chinese beliefs, 
customs and handicrafts. Also of ethnological value 
is the Chinese section in the Wellcome Historical 
Medical Museum. It contains, besides drugs and 
acupuncture instruments, very diverse exhibits, 
including many amulets. The student will find 
special satisfaction in the Cambridge University 
Museum of Archeology and Ethnology, because here 
are weapons, tools, currency and pottery from the 
earliest times, all arranged in chronological sequence. 
Finally, a word is due concerning the inscribed bone

and tortoise-shell fragments found near An-yang at 
the end of last century. They put back the limits of 
authentic history and tell us of Chinese civilization 
more than three thousand years ago. In all, some 
2,820 of these fragments belong to three collections : 
in the Royal Scottish and British Museums and in 
the ownership of Mr. L. C. Hopkins, doyen of the few 
Western students of archaic Chinese script.

To sum up : there are public and private collec
tions in Britain rich in objects with aesthetic appeal, 
but poor in those not classed as ‘art’ which throw 
equal light on the history of Chinese civilization. 
Except in the aforesaid Cambridge Museum, small 
effort seems to have been made to trace evolutionary 
sequence in the ordinary things of life. Our collec
tions are much scattered and duplicated ; we need 
a central Chinese Museum.

Visit of Indian Men of Science
N E W S  and V I E W S

I t  i s  now expected that the distinguished Indian 
scientific men who will shortly visit Great Britain will 
arrive about the second week of October. They 
expect to stay in England for about seven weeks, 
during which time they will visit important scientific 
laboratories and industrial, medical and agricultural 
research institutions in and near London in the Mid
lands and north of England and elsewhere in the 
United Kingdom; they will also discuss modem 
scientific progress with such bodies as the Royal 
Society, the Department of Scientific and Industrial 
Research, the Medical Research Council, the Agri
cultural Research Council and the Radio Board. This 
visit is a sequel to the visit to India last winter of 
Prof. A. V. Hill, secretary of the Royal Society. It 
was then suggested that Indian scientific men should 
be given an opportunity of coming to the United 
Kingdom and of establishing closer relations between 
the many new scientific organizations in India and 
corresponding organizations here. The proposal was 
warmly welcomed by H.M. Government and by the 
Government of India. They will be the guests of 
His Majesty’s Government while they are in Great 
Britain.

The party will probably consist of the following': 
Dr. Nazir Ahmad, director of the Cotton Technological 
Laboratory, Matunga, Bombay ; Colonel S. L. Bhatia, 
deputy director-general of the Indian Medical Service ; 
Sir Shanti S. Bhatnagar, director of scientific and 
industrial research, India ; Sir Jnan Chandra Ghosh, 
director of the Indian Institute of Science, Bangalore, 
and president of the National Institute of Sciences of 
India ; Prof. S. K. Mitra, of the University College of 
Science, Calcutta, chairman of the Radio Committee 
of the Board of Scientific and Industrial Research ; 
Prof. J. N. Mukherjee, professor of chemistry, Univer
sity of Calcutta; Prof. Megh Nad Saha, of the 
University College of Science, Calcutta. Colonel 
Bhatia s departure from India is expected to be 
delayed, and he will not join the party until later.

Professorship of Concrete Technology at the 
Imperial College, London
A r e c e n t  benefaction from the Cement Makers’ 

Federation has enabled the Imperial College, with 
the approval of the University of London, to institute 
m its City and Guilds College a new chair of concrete

technology. It may not be possible to appoint a 
professor until after the termination of war with 
Germany. The chair will be instituted in the first 
instance for ten years, and will be attached to the 
existing Department of Civil Engineering. The duties 
-Of the professor will be to provide advanced instruction 
in the principles and technological application of rein
forced concrete, to conduct research in his subject, 
and to consult with industry regarding the practical 
experience which it will give to students in train
ing. In order to establish the necessary contact with 
industry, an advisory committee is contemplated, 
with appropriate representation of interested bodies, 
which will report to the governing body of the College. 
At the end of the ten-year period it will review the 
working of the scheme and advise as to its continua
tion or termination. A noteworthy feature of the 
scheme, which might well be followed as a model in 
future planning of training for technology, is an 
arrangement, sponsored by a number of building and 
civil engineering contractors, whereby bursaries will 
be made available to students devoting one or two 
years (after a preliminary study of the basic sciences) 
to intensive study of concrete technology. It has 
been agreed that industry looks for graduates broadly 
trained in the fundamental sciences, but with special
ized knowledge superimposed ; and that its willing
ness to provide such bursaries is the best assurance 
that can be given of its intention to absorb men who 
have thus committed themselves to a specialized 
course of training.

Prof. Frank Allen
Prof. Frank Allen has just retired from the position 

of head of the Department of Physics, of the Univer
sity of Manitoba, Winnipeg, Canada, after forty years 
of service. He is a native of Canterbury, New Bruns
wick, born on February 6, 1874, and is thus one of 
the great army of educationists given by the Maritime 
Provinces of Canada to the West. After graduation 
from the provincial University of New Brunswick in 
1900, he spent four years at Cornell, at a time when 
the United States physicists were just beginning to 
realize the importance of their calling. Allen received 
his Ph.D. degree at Cornell and in the autumn of 
1904 entered on his work in Manitoba. He has made 
an important contribution to physics in Canada. He 
was elected a fellow of the Royal Society of Canada 
in 1909 and served as a member of the National
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Research Council of Canada from May 1932 until 
March 1937.

Of his work at Manitoba, Mr. Sidney Smith, who 
has just retired from the post of president of the 
University of Manitoba, says : “Dr. Frank Allen was 
a pioneer and a builder in the first university in 
Western Canada—the University of Manitoba. 
Appointed to the staff of that University in 1904, 
when it became a teaching institution, he founded 
the Department of Physics, of which for forty years 
he has been the distinguished head. As a gifted 
teacher, his record may be read in the careers of 
generations of students. To the new university he 
brought an inquiring mind and the spirit of research. 
He constantly advocated that a university is charged 
with the responsibility of conserving and trans
mitting the wisdom and culture of the past and also 
with the duty of extending the horizons of knowledge. 
He always considered physics in relation to the other 
physical sciences and, in fact, as a part of a truly 
liberal education. Specialization did not narrow his 
outlook : it broadened his interests and influence” .

Prof. Allen’s research work has been almost en
tirely on the rather dim borderland where physics, 
physiology and psychology, the ‘three p’s’, meet. His 
first work was on colour vision. His aim was to 
investigate the nervous actions underlying colour 
vision and other sensory activities. In his own 
words, the aim of his work was first to place the 
sense of colour vision on a foundation of experiment
ally ascertained physiological principles, and then' to 
establish the fundamental identity of the processes 
underlying all of the special senses, including vision, 
hearing, taste and touch. Prof. Allen is now engaged 
on collecting the results of his life-work; many of 
his papers have appeared in scientific journals, 
particularly the Transactions of the Royal Society of 
Canada. Prof. Allen’s wife died some years ago, but 
he has a family of two sons and one daughter—Dr.
J. F. Allen, who has just been elected to a fellowship 
at St. John’s College, Cambridge ; William Allen, an 
architect in London (England) ; and Miss Lillian 
Allen, on the staff of the University of Manitoba. 
Prof. Allen’s many friends join in wishing him many 
happy years of useful work.

Chair of Psychology, Birkbeck College
D r . C.  A. M a c e , who has been appointed to the 

chair of psychology at Birkbeck College, University 
of London, holds the degrees of M.A. Cambridge and
D.Litt. London. After leaving Cambridge he was for 
a time at University College, Nottingham. From 
there he was appointed lecturer in logic and psycho
logy in the University of St. Andrews. He left Scot
land to take up the position of University reader in 
psychology at Bedford College, London. Dr. Mace 
has published books and papers in both psychology 
and philosophy, his best-known work in philosophy 
being the “ Principles of Logic” (1933). In psychology 
his interests are mainly in social and industrial 
spheres, and in problems concerning economical 
methods in learning. In 1935 he published a mono
graph “ Incentives, some Experimental Studies” (Ind. 
Health Res. Bd. Report No. 72). This was mainly 
concerned with problems arising in industry owing to 
variations in the will to work of the employee in 
contrast to the more usual studies of ability. Dr. 
Mace has also worked on the fluctuations of interests 
of college and Workers’ Educational Association 
students over several years, and on the psycho

logical make-up of groups of friends. His latest 
publication is a paper in the Sociological Review on 
some of the psychological causes of national prejudice. 
In this paper he makes an important theoretical 
distinction between stereotypes, or rigid mechanisms 
of thought, and plastotypes, or more fluid ones. Dr. 
Mace has always been keenly interested in adult 
education, so his appointment to Birkbeck College 
seems a singularly happy choice.

Book Production
I n  connexion with the recent discussion of the 

shortage of educational and other books (see Nature, 
September 9, p. 319), the following reply given by 
Mr. Dalton in the House of Commons on September 26 
should be noted : “ The Minister of Production has 
agreed, at my request, to increase the allocation of 
paper to publishers of books as from the end of 
next month to 42J per cent of their pre-war usage.
I hope that the publishers will do all they can to 
devote this extra paper to supplying liberated terri
tories, as well as Empire and other oversea markets. 
The Minister of Production has also increased by 
more than one third the allocation to my special 
reserve, and has made a further additional allocation 
for certain classes of educational books. I  am in’ 
touch with the Minister of Labour about the supply 
of labour for printing and binding.”  The additional 
allowance of 2J per cent of publishers’ 1938-39 con
sumption of paper will be welcome ; but it is difficult 
to see how Mr. Dalton’s hope that the extra paper 
should be used to supply liberated territories and 
overseas markets could be fulfilled. It seems very 
doubtful if any publisher would be able to differentiate 
sharply between books for such overseas markets 
and those for use in Great Britain. In any event, 
there is a definite shortage of educational and scien
tific books, which are needed as much at home as 
abroad. Publishers are well aware of this, and will 
no doubt do all in their power to overcome it. 
They will also note Mr. Dalton’s remark that he is 
in touch with the Minister of Labour about the 
supply of labour in the printing and binding trades. 
As we have said before, these trades have been 
stripped of labour, and until more workpeople are 
made available, full use cannot be made of the 
additional allocation of paper for the production of 
educational and other books.

Practical Limits in Social Reform
B u l l e t i n  No. 5 of the Tory Reform Committee 

“What Shall We Use for Money ?” is of interest as 
an attempt to indicate the broad limits of what is 
politically and economically practicable in the field 
of social reform. The pamphlet distinguishes between 
income and outlay of the nation as a whole, and the 
Exchequer aspect, or that part of the national income 
which passes through the Revenue and Expenditure 
of the Exchequer. These aspects are discussed sep
arately, and a survey of post-war national outlay and 
national income after the War emphasizes that our 
standard of living will, and always must be, dependent 
on the maintenance of high productive efficiency. 
Discussing, in conclusion, finance and politics, the 
Tory Reform Committee does not believe that the 
measures of social reform which it has championed 
are beyond the taxable or economic capacity of the 
nation to bear, or beyond the willingness of the 
majority of individuals to provide by personal effort 
and sacrifice. It is well aware, however, that such
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limits exist, and they have for the time being been 
nearly approached; the Committee urges that the 
time has come to concentrate upon increasing the 
national income in the cause of social progress by 
every means and particularly by increased industrial 
efficiency. The pamphlet is an honest attempt at 
clear thinking and is a striking contrast to recent 
pronouncements regarding the adoption of a forty- 
hour week, which have omitted all indication of 
the price which has to be paid for adopting 
any such objective in our immediate post-war 
programme.

Geographical Research in China
A n account of geographic research in China by 

Prof. Chi-Yun Chang (Ann. Assoc. Amer. Geog., 39, 
No. 1, March 1944) contains a record of a great deal 
of valuable work, much of which, under present 
conditions, may have escaped notice in Great Britain. 
Large numbers' of topographical maps have been 
printed recently including a bathyorographical one 
of the whole of China on a scale of one to three 
million. A beginning of land utilization maps has 
been made, and a generalized soil map has been pub
lished. The Research Institute of Meteorology of the 
Chinese Academy has been investigating the problems 
of winds and rainfall over China with the result that 
the old conception of the south-east monsoon being 
chiefly responsible for the rainfall has been displaced 
in favour of cyclonic influences being mainly re
sponsible : most of the rainfall appears to -be
associated with cold fronts. In historical and other 
aspects of human geography research has also been 
active. The report also notes the development of 
geographical education, probably temporarily inter
rupted, the foundation of the Chinese Institute 
of Geography and a number of geographical 
periodicals.

Russian Papers on Pure and Applied Mathematics
A n u m b e r  of Russian publications containing 

papers on pure and applied mathematics have been 
received, and most of them have at least an abstract 
in English, French, or German. In a few cases the 
papers are entirely in English. They include numbers 
of the Bulletin of the V.S.S.R. Academy of Sciences 
(Mathematical Series) (1941-43), the Moscow Receuil 
Mathimatique (1942-3), Applied Mathematics and 
Mechanics (1943), Engineering Review (1943), and 
Comptes Rendus (1943). It is difficult to describe the 
mathematical contributions in a limited space ; they 
deal with trigonometrical series, the theory of func
tions and other topics such as are treated in our own 
mathematical journals. As regards the engineering 
papers, attention may be directed particularly to the 
papers by Glagolev, Popov and Proktor on “ The 
Mechanical Properties of Rubber”  ; Erokhin, Niko
laeva and Oghibalov on “Dynamic Brittleness of 
Metals” ; Kasparov on “ Distribution of Pressure on 
the Blades of a Hydro turbine” (all in Eng. Rev., 2 ; 
1943) and to those by Astrov, Levin, Pavlov, and 
Khristianovitch on “ The Design of the Laval 
Nozzles” , Pugachev on “ The General Problem of 
Exterior Ballistics for Aviation Bombs” , Cetajev on 
“ The Sufficient Conditions of the Stability of a 
Rotating Motion of a Projectile” , Banin on “Approxi
mate Conformal Transformations applied to the 
Plane-Parallel Flow past an Arbitrary Shape” (all in 
App. Math, and Mech., 7 ; 1943).
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Identification of Timbers
M r . A l e x a n d e r  L. H o w a r d ’s “ Studies of the 

Identification of Timbers” was reviewed in Nature o f 
November 7, 1942. It is interesting now to record 
the appearance of a supplement containing 153 
photomicrographs of different kinds of wood (“ Supple
ment to Studies of the Identification of Timbers.”  
By Alexander L. Howard. Pp. 19. London : Mac
millan and Co., Ltd., 1943. 5s. net), and one cannot 
but admire the author’s continued enterprise in 
producing a supplement to a book of this kind in 
time of war, and promising yet another in the near 
future. Attention was directed, when reviewing the 
original volume, to certain features of the book which 
limit its practical value. Since the supplement has 
been prepared along precisely the same lines, it will 
be found to present similar difficulties when used for 
the practical identification of timbers.

W e  regret t o  announce the death of Sir John 
Ledingham, C.M.G., F.R.S., formerly director of the 
Lister Institute, London, on October 4, aged sixty-nine.

T h e  Council of the Royal Aeronautical Society has 
awarded the Society’s Gold Medal to Air Commodore 
Frank Whittle, for his work on jet propulsion. This 
award is the highest the Council can make, and has 
been made on only seven previous occasions, the 
recipients being as follows : Wright Brothers (1909), 
Prof. O. Chanute (1910), Prof. G. H. Bryan and Mr.
E. T. Busk (1915), Dr. F. W. Lanchester (1926), 
Prof. L. Prandtl (1927), Sir Richard Glazebrook 
(1933) and Senor Juan de la Cierva (posthumously, 
1937).

T h e  following appointments have been made in 
the University of London : Mr. H. Berry, to be 
professor of pharmaceutics ; Dr. W. H. Linnell, to 
be professor of pharmaceutical chemistry. Both 
appointments are tenable at the College of the 
Pharmaceutical Society.

T h e  National Council for Mental Health has 
arranged a course of ten lectures, by various author
ities, on “ The Psychology of Frustration and Fulfil
ment in Adult Life” . The lectures, which are 
addressed specially to those with social and educa
tional interests, are being given on Tuesdays at 
5.30 p.m. at the Caxton Hall, London, S.W.l, and 
began on October 3. A parallel course is being given 
on Wednesdays at 5.30 p.m. at the Friends’ Meeting 
House, Bull Street, Birmingham. Tickets for the course 
can be obtained, price £1, from the Secretary, National 
Council for Mental Hygiene, 39 Queen Anne Street, 
London, W .l, or single tickets, 3s. 6d., at the door 
before each lecture.

T h e  Selection Committee of the Harrison Memorial 
Fund, consisting of the presidents of the Chemical 
Society, the Royal Institute of Chemistry, the 
Society of Chemical Industry and the Pharma
ceutical Society, will make an award of the Harrison 
Memorial Prize in December 1944. The Prize, not 
exceeding £150, is open to a chemist of either sex, 
being a natural born British subject and not at the 
time more than thirty years of age, for original 
investigations in chemistry carried out and published 
during the past five years. Further particulars 
can be obtained from the President, Chemical Society, 
Burlington House, Piccadilly, W. 1. Applications must 
be received not later than December 1, 1944.

Announcements
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LETTERS TO THE EDITORS
The Editors do not hold themselves responsible
for opinions expressed by their correspondents.
No notice is taken of anonymous communications.

Extraction and Purification of 
Penicillin

P u b l i s h e d  methods for the extraction and purifica
tion of penicillin1’2-3 are all based on the observation 
that penicillin can be extracted by ether, amyl 
acetate or chloroform from strongly acid aqueous 
solutions. Considerable losses of the antibacterial 
substance occur during these operations as penicillin 
is very rapidly destroyed in acid environment, 
particularly when shaken with air at room temper
ature.

A search was made for solvents which would extract 
penicillin from aqueous solutions at a pH not harmful 
to penicillin. It has been found that a large propor
tion of the antibacterial substance can be extracted 
by n-butyl alcohol from culture filtrates adjusted to 
pH 6-4, at which penicillin is most stable. When a 
suitable amount of ammonium sulphate was added 
to the culture filtrate, penicillin was then almost 
completely extracted by the butyl alcohol. The 
addition of ammonium sulphate was also of advantage 
as it precipitated the greater part of the inactive pig
ments. Penicillin was brought back into aqueous 
solution by the addition to the butyl alcohol extract 
of light petroleum ether and dilute sodium bicarbonate 
solution. During this procedure further purification 
of penicillin was effected as some impurities remained 
in the petroleum ether. The concentrated penicillin 
solution may be further purified by the usual method 
(ether extraction).

A typical experiment was as follows : 2,000 ml. of 
the crude culture fluid was adjusted with phosphoric 
acid to pH 6 -4 and 800 gm. of ammonium sulphate 
was dissolved in it. A precipitate containing inactive 
proteins and pigments formed and was filtered off. 
400 ml. of the filtrate was mixed with an equal 
volume of n-butyl alcohol and extracted by shaking. 
The same butyl alcohol extract was used for the 
subsequent extraction of four further 400 ml. portions 
of the culture fluid. To the strong butyl alcohol 
extract, 400 ml. in bulk, an equal volume of light 
petroleum ether was added. From this mixture 
penicillin was extracted by shaking into 200 ml. of a 
2 per cent aqueous solution of sodium bicarbonate. 
The greater part of penicillin contained in the culture 
fluid was obtained in this way as an aqueous solution 
of the sodium salt of penicillin. The remaining peni
cillin was obtained by a second extraction of the 
butyl alcohol-petroleum ether mixture with another 
portion of the sodium bicarbonate solution.

The principal advantages of this method of ex
traction are : (1) there is no loss of penicillin during 
extraction as it is extracted at the pH point of its 
greatest stability ; (2) the antibacterial substance is 
almost completely extracted from the culture fluid ; 
and (3) considerable concentration and purification is 
achieved by the same process. Further advantages 
of the method are that extraction can be carried 
out at room temperature and that only relatively 
small quantities of solvents are required. The pro
cedure is simpler and more efficient than other 
methods of purification and appears suitable for large- 
scale purification of penicillin.

I am much indebted to Prof. P. L. Sutherland for 
his advice and interest throughout the course of this 
investigation. My thanks are due to Mr. G. Denton 
for technical assistance.

F. M. B e r g e r .
Public Health Laboratory,

County Hall,
Wakefield.

1  C l u t t e r b u c k ,  P .  W . ,  L o v e l l ,  R . ,  a n d .  R a i s t r i c k ,  H . ,  B io c h e m . J . ,  2 6 ,
1 9 0 7  ( 1 9 3 2 ) .

2  A b r a h a m ,  E .  P . ,  C h a i n ,  E . ,  F l e t c h e r ,  C .  M . ,  F l o r e y ,  H .  W . ,  G a r d n e r ,
A .  D . ,  H e a t l e y ,  N .  G . ,  a n d  J e n n i n g s ,  M .  A . ,  L a n c e t ,  i i ,  1 7 7  ( 1 9 4 1 ) .

3  M e y e r ,  K . ,  C h a f f e e ,  E . ,  H o b b y ,  G .  L . ,  D a w s o n ,  M .  H . ,  S c h w e n k ,  E . ,
a n d  F l e i s c h e r ,  G . ,  S c i e n c e ,  9 6 ,  2 0  ( 1 9 4 2 ) .

Thiophanone Derivatives
F o l l o w i n g  the recent papers of P. Karrer et 

aL1’2.3’1 and the communications of E. R. Buchman 
and H. Cohen5, R. B. Woodward and R. H. Eastman6 
and L. C. Cheney and J. R. Piening7 on the synthesis 
of thiophanone derivatives, it seems desirable to 
direct attention to work carried out independently in 
this laboratory on the same subject.

Our method of preparing thiophanones is sub
stantially the same as that of the above authors, and 
we have described it in the patent literature8.9.10. 
However, in our experiments on the ring closure of 
ethyl S - ([3 -carbethoxyethyl)-th ioglycollate under the 
influence of powdered sodium in benzene, we found 
that ethyl thiophan-3-one-2-carboxylate always at 
least predominates, whereas Karrer et al.1 and Buch
man and Cohen6 report the formation of the 4- 
carboxylate. Our evidence for this assertion is based 
on the following products obtained from the Dieek- 
mann reaction on : (i) ethyl S-((3-carbethoxyethy 1)- 
thioglycollate, giving a cyclic keto-ester which yielded 
a crystalline derivative with urea11, m.pt. 173°;
(ii) methyl S - ([3 - carbethoxyethyl)-thioglycollate, giv
ing a product, with urea derivative, m.pt. 222°;
(iii) ethyl S-([3-carbmethoxyethyl)-thioglycollato, giv
ing a product, with urea derivative, m.pt. 173° (ad
mixture with that from (i) showed no depression) ; 
and finally (iv) methyl S-((3 -carbmethoxyethyl) - 
thioglycollate, the urea derivative of the product of 
which melted at 222° and did not depress the melting 
point of that from (ii) on mixing.

That mixtures do occur was shown by subjecting 
n-butyl S-((3-carbmethoxyethyl)-thioglycollate to the 
same conditions (namely, powdered sodium in ben
zene), when two products were obtained. The main 
fraction was n-butyl thiophan-3-one-2-carboxylate 
(found: C, 52-7; H, 7-2 ; S, 15-6. CVH^OjS re
quires C, 53’4 ; H, 6-9 ; S, 15-8 per cent) and gave 
a derivative with urea, m.pt. 170-172° (found: 
C, 48-8; H, 6-3; N, 10-7. C10H16O3N2S requires
C, 49-2 ; H, 6-6 ; N, 11 -4 per cent). The small low- 
boiling fraction gave a urea derivative, m.pt. 245°, 
the analysis of which showed it to be derived from 
methyl thiophan-3-one-4-carboxylate (found: N,
13-2. C,H10O3N2S requires N, 13-9 per cent).

Although it was possible to introduce a side chain 
in the 2-position (as would be required to reproduce 
the [3-biotin carbon skeleton) by condensation of the 
corresponding halogeno-compound with ethyl thio- 
phan-3-one-2-carboxylate in the presence of sodium 
ethylate10, nevertheless this method was soon re
placed by the more satisfactory one of subjecting 
esters of the type EtOOC.CH2.CH2.S.CKR.COOEt (in
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which R is the desired substituent) to the action of 
powdered sodium in benzene solution. In this case, 
of course, a non-ambiguous formation of the 4- 
carboxylate occurs. The product was treated with 
water at 200°12 to yield directly the required 2- 
substituted thiophan-3-one9.

It is worth recording that we synthesized the 
a-halogeno pimelic acid13 required for the prepara
tion of thiophan-3-one-2-valerie acid, by converting 
ethyl hydrogen pimelate to the corresponding acid 
chloride, which was brominated to the a-bromo-acid 
halide, followed by alcohol treatment to yield ethyl 
a-bromopimelate. We believe this constitutes a 
simpler process than that of Karrer et al.1 or of 
Cheney and Piening7.

Fuller details of this work will be published else
where.

A .  W. D. A v is o n .
F. B e r g e l .
A .  C o h e n .
J .  W . H a w o r t h .

Research Department,
Roche Products, Ltd.,
Welwyn Garden City,

Herts.
Aug. 25.

1  K a r r e r ,  P . ,  a n d  S c h m i d ,  H . ,  H e lv .  C h im . A c ta ,\ 2 7 ,  1 1 0 , 1 2 4  ( 1 9 4 4 ) .
2  S c h m i d ,  H . ,  i b i d . ,  1 2 7 .
3  K a r r e r ,  P . ,  K e h r e r ,  F . ,  i b id . ,  1 4 2 .
• K a r r e r ,  P . ,  K e l l e r ,  R . ,  a n d  U s t e r i ,  E . ,  i b id . ,  2 3 7 .
3  B u o h m a n ,  E .  R . ,  a n d  C o h e n ,  H , , J .  A m e r .  C h e m . S o c . .  6 6 ,  8 4 7  ( 1 9 4 4 ) .  

*  W o o d w a r d ,  R .  B . ,  a n d  E a s t m a n ,  R .  H . ,  i b i d . ,  8 4 9 .
'  C h e n e y ,  L .  C . ,  a n d  P i e n i n g ,  J .  R . ,  i b i d . ,  1 0 4 0 .
8  B . P . ,  5 6 2 , 3 1 3 .
8  B r i t i s h  p a t e n t  a p p l i c a t i o n  N o .  1 0 9 8 3 / 4 3 .

1 8  B . P .  5 6 2 , 3 1 4 .
1 1  C o m p a r e  B e h r e n d ,  R . ,  A n n . ,  2 2 9 ,  1 0  ( 1 8 8 5 ) .
1 2  C o m p a r e  C o n n o r  a n d  A d k i n s ,  J .  A m e r .  C h e m . S o c . ,  5 4 ,  3 4 2 4  ( 1 9 3 2 ) .
1 3  B r i t i s h  p a t e n t  a p p l i c a t i o n  N o .  1 5 9 6 2 / 4 4 .
“  B l a i s e ,  E .  E . ,  a n d  K o e h l e r ,  A . ,  B u l l .  S o c .  C h im .,  [ 4 ] ,  7 ,  2 1 5  ( 1 9 1 0 ) .

Peroxidase Activity of the Thyroid
T h e  finding of Schaehner et al.1 that the in vitro 

formation of diiodotyrosine and thyroxine by thyroid 
slices, with radioactive iodine, 131I, as indicator, is 
inhibited by cyanide, azide, sulphide and carbon 
monoxide (particularly in the dark) led to an 
investigation of the occurrence of oxidases in 
the thyroid. The production of a strong per
oxidase reaction and the recent publication of 
a paper by Dempsey2 focused attention on this 
enzyme. Dempsey, using the benzidine histological 
technique, reported the presence of peroxidase in the 
follicular cells of the thyroid. He claims that the 
peroxidase reaction is not due to haemoglobin, since 
it was discrete and there was no continuity between 
erythrocytes and intracellular reacting granules. The 
cellular peroxidase reaction was found to be inhibited 
by thiouracil and in much smaller concentration 
than was necessary to inhibit the haemoglobin reaction. 
Owing to the non-specificity of the benzidine reaction 
and the fact that the high concentration of hydrogen 
peroxide employed in the histological technique 
would effectively inhibit true peroxidase, however, 
this finding requires more careful investigation, be
cause of the obvious implications of the reported 
inhibition by thiouracil.

Since peroxidase catalyses the liberation of iodine 
from inorganic iodides by hydrogen peroxide, its pres
ence in the thyroid would serve a useful function.
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Lipmann3 found that peroxidase is inhibited by < 
sulphonamides. This, however, is contrary to the 
finding of Keilin and Mann4, but these latter workers 
found peroxidase to be partially inhibited by sodium 
fluoride, another goitrogenic agent. Westerfeld and 
Lowe5 discuss the possibility that the quinol-ether 
linkage in thyroxine may be formed through a per
oxidase condensation. They found a quinol-ether 
among the oxidation products of yj-cresol by per
oxidase. Keston6 suggests that the xanthine oxidase 
system may play a part in biological iodinations, 
furnishing peroxide essential for peroxidase activity. 
Employing radioactive iodine, 13II, and using milk 
as a source of xanthine oxidase, peroxidase and 
caseinogen, and adding xanthine as a substrate for t 
the xanthine oxidase, he obtained significant iodina- 
tion of the caseinogen. This reaction was inhibited 
by thiourea. Addition of catalase, however, did not 
affect the iodination.

The existence of peroxidase in animal tissues has 
been doubted. Bancroft and Elliott7, however, con
sider that both spleen and lung probably contain 
true peroxidases, and Huszak8 has made the interest
ing observation that the suprarenal medulla contains 
an active peroxidase but lacks a cytochrome oxidase 
system. The demonstration by Altchul, Abrams and 
Hogness9 of a peroxidase, ‘cytochrome c peroxidase’, 
specific for cytochrome c suggests a wider distribu
tion of peroxidase than is usually supposed and also 
a more important role for hydrogen peroxide in 
biological oxidations.

In the following experiments, horse thyroids were 
used, obtained very soon after death, each thyroid 
weighing approximately 10 gm. In the preliminary 
experiments, filtered aqueous extracts of very finely j 
minced and ground tissue were used, the thyroid 
being extracted with five times its weight of 
water containing chloroform. Such extracts gave a 
strong peroxidase reaction (p-phenylene diamine, 
benzidine and pyrogallol as substrates) and a catalase 
reaction.

Peroxidase was determined by the purpurogallin 
method of Willstater and Stoll10 as modified by 
Elliott and Keilin11. This was inhibited to a 
certain extent by both thiourea and thiouracil as 
shown in Table 1. The catalase activity was not 
affected.

Table 1. Inhibition of horse thyroid ‘peroxidase’ activity by 
Thiourea and Thiouracil

C o n c e n t r a t i o n  o f  d r u g  P e r c e n t a g e  i n h i b i t i o n  p r o d u c e d  b y  
T h i o u r e a  T h i o u r a c i l

0 - 0 8  M  9 6  —
0 - 0 1 6  M  5 5  6 0
0 - 0 0 1 6  M  5  5

An approximately 80 per cent reduction in per- ■ 
oxidase activity was produced by boiling the extract 
for five minutes.

In contrast to this order of inhibition produced 
by thiourea and thiouracil, milk peroxidase, pre
pared according to Elliott12, was found to be 
inhibited to a much greater extent, as shown in 
Table 2.

i
Table 2. Inhibition of milk peroxidase activity by Thiourea 

and Thiouracil
C o n c e n t r a t i o n  o f  d r u g  P e r c e n t a g e  i n h i b i t i o n  p r o d u c e d  b y

T h i o u r e a T h i o u r a c i l
0 - 0 1  M 9 2 9 5
0 - 0 0 1  M 7 0 9 1
0 - 0 0 0 1  M 2 0 7 9
0 - 0 0 0 0 1  M 0 3 0
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This discrepancy in the effective inhibitory con
centrations of thiourea and thiouracil in these two 
systems suggested that there might not be any true 
peroxidase in thyroid and that peroxidase activity 
could probably be accounted for entirely by haemo
globin. The peroxidase activity of horse thyroid was 
in any event small, having an average purpurogallin 
number (calculated for the water-extractable enzyme) 
of 6 X  10-3. Moreover, the peroxidase activity of 
dilute hemoglobin solutions was found to be in
hibited to approximately the same extent as the 
aqueous thyroid extracts by boiling and by thiourea 
and thiouracil.

The hemoglobin content of a thyroid extract was 
determined by the benzidine method as described 
by Ashby and Chan13, and of horse blood diluted to 
give a solution of the same hemoglobin content. The 
peroxidase activity of both diluted blood and of 
the thyroid extract was determined. In the case 
of the thyroid extract, the catalase content was first 
determined by the method of Bancroft and Elliott7 
and extra hydrogen peroxide added so that the same 
optimal concentration of hydrogen peroxide was 
available for peroxidase activity for both diluted 
blood and thyroid extract. The purpurogallin formed 
was identical in both cases, showing that the per
oxidase activity of the thyroid extract (purpuro
gallin number of 5-8 X  I O'3) can be accounted for 
completely by its haemoglobin content. It must be 
remembered, however, that in the above experiments 
an aqueous filtrate of thyroid was used. Bancroft 
and Elliott found that not all the peroxidase of animal 
tissues is extractable with water and used a glycerol 
suspension of the tissue for determining peroxidase 
activity.

To substantiate the above findings, the total 
peroxidase activity, using Bancroft and Elliott’s 
glycerol extraction procedure, of horse thyroid, per
fused with Ringer through the thyroid artery in an 
isolated neck preparation until almost blood free, 
was compared with that of the unperfused thyroid 
from the same horse. The total peroxidase activity 
was decreased considerably by perfusion, the perfused 
thyroid having an almost negligible activity, with 
a purpurogallin number of 1 -0 X  1 O'1. The peroxidase 
activity of completely blood-free dog thyroids, pooled 
from twelve dogs previously bled from the heart, 
was also found to be small, with a purpurogallin 
number of 4-1 x 10'4.

It would appear from these results that the thyroid 
probably contains no true peroxidase, and that in
hibition of the synthesis of thyroxine in the thyroid 
produced by various goitrogenic agents, including 
thiourea and thiouracil, cannot be accounted for by 
inhibition of peroxidase activity. For this reason 
it is doubtful whether xanthine oxidase participates 
in thyroxine formation. Moreover, horse thyroid 
was found to contain none of this enzyme. Bernheim 
and Bernheim14 have shown that phenyl thiocarb- 
amide inhibits tyrosinase activity. Using the pur
purogallin method of Keilin and Mann15, poly- 
phenolase of potato was found to be inhibited to a 
considerable extent by thiourea, potassium thio
cyanate and sodium fluoride, but aqueous thyroid 
extracts were found to contain none or negligible 
amounts of this enzyme.

Experiments are in progress on the effect of thio
urea, thiouracil and other goitrogenic agents on the 
cytochrome oxidase system. Although Mann and 
Keilin16 have shown that sulphonamides do not 
inhibit cytochrome oxidase activity, it is conceivable

that the total concentration of cytochrome oxidase 
or cytochrome c in the thyroid might be diminished 
by sulphonamides or thiouracil.

G. E. Glock.
Wellcome Physiological Research Laboratories, 

Beckenham, Kent. Aug. 23.
1  S e h a c h n e r ,  H . ,  F r a n k l i n ,  A .  L . ,  a n d  C h a i k o f f ,  I .  L . ,  J .  B i o l .  C h e m .,

1 5 1 , 1 9 1  ( 1 9 4 3 ) .
2  D e m p s e y ,  E .  W . ,  E n d o c r in o lo g y ,  3 4 ,  2 7  ( 1 9 4 4 ) .
”  L i p m a n n ,  F . ,  J .  B i o l .  C h e m .,  1 3 9 ,  9 7 7  ( 1 9 4 1 ) .
I  K e i l i n ,  D . ,  a n d  M a n n ,  T . ,  P r o c .  R o y .  S o c . ,  B ,  1 2 2 ,  1 1 9  ( 1 9 3 7 ) .
s  W e s t e r f e l d ,  W .  W . ,  a n d  L o w e ,  C . ,  J .  B i o l .  C h em ,..  1 4 5 ,  4 6 3  ( 1 9 4 2 ) .  
“ I C e s t o n ,  A .  S . ,  J .  B i o l .  C h e m .,  1 5 3 ,  3 3 5  ( 1 9 4 4 ) .
7  B a n c r o f t ,  G . ,  a n d  E l l i o t t ,  K .  A .  C . ,  B io c h e m . J . ,  2 3 ,  1 9 1 1  ( 1 9 3 4 ) .
8  H u s z a k ,  B io c h e m . Z . ,  3 1 2 ,  3 3 0  ( 1 9 4 2 ) .
• A l t c h u l ,  A .  M . ,  A b r a m s ,  B , . ,  a n d  H o g n e s s ,  T .  I t . ,  J .  B i o l .  C h e m .,  

1 3 6 ,  7 7 7  ( 1 9 4 0 ) .
1 0  W i l l s t i i t e r ,  B . ,  a n d  S t o l l ,  A . ,  A n n .  c h i m . ,  4 1 6 ,  2 1  ( 1 9 1 8 ) .
I I  E l l i o t t ,  K .  A .  0 . ,  a n d  K e i l i n ,  D . ,  P r o c .  R o y .  S o c . ,  B ,  1 1 4 ,  2 1 0  ( 1 9 3 4 ) .  
1 2  E l l i o t t ,  K .  A .  C . ,  B io c h e m . J . ,  2 6 ,  1 0  ( 1 9 3 2 ) .
1 2  A s h b y ,  W . ,  a n d  C h a n ,  D .  V . ,  J .  B i o l .  C h e m .,  1 5 1 ,  5 1 5  ( 1 9 4 3 ) .
1 1  B e r n h e i m ,  F . ,  a n d  B e r n h e i m ,  M .  L .  C . ,  J .  B i o l .  C h e m .,  1 4 2 ,  2 1 3

( 1 9 4 2 ) .
1 8  K e i l i n ,  D . ,  a n d  M a n n ,  T . ,  P r o c .  R o y .  S o c . ,  B ,  1 2 5  ( 1 9 3 8 ) .
1 8  M a n n ,  T . ,  a n d  K e i l i n ,  D . ,  N a t u r e ,  1 4 6 , 3  6 4  ( 1 9 3 8 ) .

Mepacrine Derivatives in Urine
I n  collaboration with the Army Malaria Research 

Unit, we have developed a technique for the quantita
tive separation by chromatographic means of mepa
crine from urine and from blood. The separation is 
effected on alumina and is made visible by the intense 
fluorescence emitted by acridine derivatives in ultra
violet light. In certain (but not all) specimens of 
urine from some groups of malarial patients receiving 
therapeutic courses of mepacrine we have observed 
that a yellow fluorescent band, not that of mepacrine, 
can be developed on the chromatogram. This band 
is not observed on chromatograms of normal urines 
from patients who have not been dosed with mepa
crine. Further, a sample of urine to which an authen
tic specimen of pure 2-hydroxy-6-chloro-9-amino- 
acridine had been added gave a chromatogram 
exhibiting a yellow band identical with that obtained 
from the urines referred to above. The two bands, 
the one obtained from malarial urine and the other 
produced from a urine to which the amino-compound 
mentioned had been added, exhibited exactly similar 
behaviour on the alumina columns. Thus neither 
band could be eluted using methyl or ethyl alcohol, 
ether, benzene, chloroform, acetone, amyl alcohol, 
pyridine or even glacial acetic acid, whereas both 
bands were eluted by N  hydrochloric acid.

A solution of the new acridine derivative was 
obtained by extruding the chromatogram developed 
from urine and extracting the band required with 
N  hydrochloric acid. The solution showed the very 
characteristic change in fluorescent colour from 
yellow in acid solution to deep orange in alkali at 
pH 10-5, which is characteristic of 2-hydroxy-6- 
chloro-9-amino-acridine. On mixing the solution 
obtained from the extracted chromatogram with a 
solution of the authentic hydroxy-amino-compound, 
it was found impossible to separate the two com
ponents chromatographically.

We think it possible that the fraction C isolated 
from the urine of dogs dosed with mepacrine by 
Scudi and Jelinck1, but not identified by them, may 
be the 2-hydroxy-6-chloro-9-amino-acridine men
tioned above.

D. Ll . H a m m i c k .
D. F i r t h .

Dyson Perrin Laboratory,
Oxford. Aug. 10.

1  / .  B i o l .  C h e m .,  1 5 2 ,  2 7  ( 1 9 4 4 ) .
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Presence of a Labile Toxin in Yolk-Sac 
Cultures of Rickettsia

Giboto1 reported the presence of a specific toxic 
substance in suspensions of Rickettsia-infected organs 
which produced dermal lesions in rabbits. Gilden- 
meister and Haagen2 found that yolk-sac cultures 
of Rickettsia are toxic for mice when injected intra- 
peritoneally. We have been studying the nature of 
the toxin present in yolk-sac cultures of Rickettsia 
and summarize below some of the observations noted 
thus far.

Yolk-sacs of infected eggs were removed on the 
fourth day after inoculation, placed in buffered broth 
(one part nutrient broth and one part phosphate 
buffer pH 7-4), in the proportion o f 1 part sac to 
10 parts fluid and shaken in a mechanical shaker 
for 60 minutes. This process is sufficient to break 
up the infected cells, the rest o f the sac membrane 
remaining intact, and yields a suspension relatively 
free from tissue cells and debris. The suspension is 
then decanted, centrifuged lightly to remove gross 
debris, and an opalescent fluid rich in Rickettsia 
obtained.

This suspension of Rickettsia when injected intra- 
dermally into rabbits gives on the second or, more 
usually, third day an indurated, inflamed nodule 
with a central necrotic area. I f  the suspension is 
centrifuged in an angle centrifuge at 4,600-5,000 
revolutions for about two hours the supernatant 
fluid, now practically free of Rickettsia, still gives a 
typical skin reaction in rabbits even when diluted 
twenty to forty times. The injection of this super
natant fluid intraperitoneally into mice or rats is 
followed regularly, on the third to the fifth day, by a 
considerable enlargement of the spleen and liver 
without any Rickettsia being found even when 
murine strains are used. The sedimented Rickettsia 
resuspended in an equal volume of phosphate buffer 
(pH 7-4) and injected in the same manner give a 
similar but stronger reaction in rabbits, and in mice 
and rats Rickettsia can readily be seen in the en
larged spleen. This suspension of Rickettsia still 
produces a reaction in dilutions of 1 : 80, that is, it 
is two to four times as toxic as the supernatant fluid. 
I f  this suspension of Rickettsial organisms is frozen 
and thawed seven or eight times, the same reactions 
are obtained, although no live Rickettsia can be 
demonstrated either by yolk-sac cultures or by animal 
inoculations.

It appears, therefore, that the rabbit skin lesion 
and the splenic enlargement in mice and rats are 
caused by a toxic substance present in the super
natant fluid freed from Rickettsia, as well as in the 
organisms themselves. This toxin is present in cul
tures of both human (louse-borne) and murine (flea- 
borne) strains o f Rickettsia.

This toxic substance, whether in the supernatant 
fluid or in the organisms, was found to be extremely 
labile. It was completely inactivated by heating for 
half an hour at 56-60° 0 ., largely so at 50° C., but 
not at all at 40° C. The original culture suspensions 
diluted with an equal volume o f distilled water, and 
kept at 37° C., lost their toxicity partly after two 
days and completely after three. A reduction in 
toxic strength occurred also after seven days in the 
ice box (10-12° C.).

Shaking with ether (Squibb U.S.P. for anaesthesia) 
for half an hour completely inactivated the toxin 
both in the supernatant fluid and in the Rickettsial 
suspension. After complete removal o f the ether,

no toxic effect resulted from injecting any of the 
fractions obtained by this treatment.

Rapid freezing and thawing of culture suspen
sions, seven or eight times, apparently killed the 
organisms, but the toxic strength of the supernatant 
fluid obtained after centrifugation in the angle centri
fuge was enhanced. Similar treatment of the super
natant fluid, free o f Rickettsia, resulted in a re
duction o f the toxicity. It appears that repeated 
freezing and thawing is to some extent injurious to 
the toxin, but that if the treatment is carried out 
when Rickettsia are present, the injury to the toxin 
is compensated by fresh toxin liberated from the 
organisms.

It seems, therefore, that the Rickettsial strains 
studied contain near the cell surface a toxic sub
stance which is readily liberated into the medium 
in which they grow or are suspended. This toxin is 
highly labile, being destroyed at 56° C. in half an 
hour and at 37° C. in three days. From the point of 
view o f vaccine preparation its inactivation by 
simple, rather brief, treatment with ether is of par
ticular interest.

Our work has not yet proceeded far enough to 
indicate whether the toxins produced by the murine 
and human strains are antigenically distinct. Both 
produce the same reactions in rabbits, mice and rats, 
and both are equally labile.

I. J. K ligleb.
E. Oleinik.

University-Hadassah Typhus Laboratory, 
Department of Hygiene,

Hebrew University,
Jerusalem.

1  G i r o u d ,  P . ,  C .R .  S o c .  B i o l . ,  P a r i s ,  1 2 7 ,  8 6 4  ( 1 9 3 8 ) .
2  G i l d e n m e i s t e r ,  E . ,  a n d  H a a g e n , E . ,  D e u t .  M e d .  W o c h . ,  6 6 ,  9 7 9  ( 1 9 4 0 ) .

A New Synthesis of Xanthine
By  the action of alkaline potassium hypobromite 

on phthalamide, Hoogewerff and van Dorp1 obtained 
2 : 4-dihydroxyquinazoline. Various applications of 
this intramolecular Hofmann reaction have since been 
reported ; for example, when applied to succinamide, 
maleamide and pyrazine-2 : 3-d.icarboxyamide, the 
reaction leads to dihydro-uracil2, uracil3 and luma- 
zine4 respectively. We have found that the reaction 
is applicable to glyoxaline-i : 5-dicarboxyamide (I), 
which on treatment with alkaline hypobromite solu
tion gives xanthine (II).

The ready availability of the diamide (I) makes 
this method an attractive synthetic route to xanthine 
and substituted xanthines. The reaction appears to be 
of a general nature, and its application to 1 -methyl-
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glyoxaline-i : 5-dicarboxyamide, which may yield either 
7- or 9-methylxanthine (or, less likely, both) is being 
examined. In a different connexion, the reaction has 
been applied to quinoxaline-Z : 3-dicarboxyamide (III) 
to give alloxazine (IV) in 60 per cent yield.

R. A. B a x t e b .
,  F ,  S. Sp b in g .University, Manchester.

1  R e c .  t r a v . C h i m . ,  10, 4  ( 1 8 9 1 ) .
2  W e i d e l  a n d  R o i t n e r ,  M o n a t s h 17, 1 7 4  ( 1 8 9 6 ) .
3  R i n k e s ,  R e c .  t r a v . C h i m . ,  46, 2 6 8  ( 1 9 2 7 ) .
4  G a b r i e l  a n d  S o n n ,  B e r . ,  40, 4 8 5 7  ( 1 9 0 7 ) .  C f .  K u h l i n g ,  B e r . ,  28>

1 9 6 8  ( 1 8 9 5 ) .  K u h n  a n d  C o o k ,  B e r . ,  70, 7 6 1  ( 1 9 3 7 ) .

Loss of Inorganic Constituents on 
Combustion of Coal and Coke

T h e  standard method for preparing coal and coke 
ash for analysis is to bum off the carbonaceous matter 
by placing the sample in a silica tray contained in a 
muffle furnace heated to 800° C. While this procedure 
clearly leads to the volatilization o f a proportion of 
the sulphur, arsenic and other volatile elements, it 
has hitherto been considered a valid assumption that 
the whole o f the sodium, potassium, calcium, mag
nesium, silica, iron, alumina and phosphorus con
tained in the fuel is also present in the ash.

Observations made in the course of an investiga
tion relating to flue solids have led us to suspect the 
correctness of this assumption.

To decide the issue, coal and coke were fired in a 
bomb such as is used for calorific-value determina
tions or heats of combustion. By this method all 
the inorganic components o f a fuel are retained in 
the bomb. Preliminary experiments indicate that, 
in the case o f sodium or potassium, 0-60 per cent of 
the original content expressed as percentage of ash 
may be lost when the ash of a fuel is prepared by 
combustion in a muffle furnace kept at 800° C. with 
free access of air. The bomb method o f combustion 
for the concentration of the inorganic constituents of 
a fuel is a valuable technique which may reveal the 
presence of unsuspected elements, as well as the fact 
that certain elements are present in greater propor
tion than is usually thought. It may also reveal that 
determinations of elements (for example, phosphorus) 
by a method which depends upon their concentration 
in the ash by combust ion of the carbonaceous material 
o f a fuel are in error.

A .  H .  E d w a b d s .
A. O . P e a b c e .

British Coal Utilisation Research Association,
Coombe Springs, Kingston-on-Thames.

July 28.

Metabolism of Gill Epithelium of a 
Freshwater Mussel

G b a y  compared (1928) the chemical mechanism 
underlying rhythmic ciliary movement in mussel gills 
with that o f muscle, especially the frog’s heart, and 
found an essential similarity. Our knowledge of 
muscle chemistry, especially as regards the carbo
hydrate catabolism, has since increased considerably, 
and it appears worth while now to attempt a renewed 
comparison.

I have studied the epithelium o f the gills of the 
freshwater mussel Dreissensia, which will retain its 
activity and oxygen consumption unaltered for at 
least 24 hours in ordinary fresh water after being cut 
off. When the gills are shaken in the Warburg

apparatus, many cells will drop off, but even these 
will remain active.

As a basis for comparison, the nitrogen content 
has proved more suitable than either wet or dry 
weight. 13 per cent of the nitrogen found is located t 
in the gill skeleton, the rest in the epithelium, and 
the gills on the two sides of the animal correspond 
within 3 per cent. The oxygen consumption per 
mgm. N/hour at 20° C. is 18-7 pi. and the R.Q. 0-87 
with a standard deviation of 0-04.

Ciliary movements are inhibited in about an 
hour by 25 millinormal sodium fluoride and in 
45 minutes by 3-3 millinormal monoiodoacetamide, 
but not at all by phloridzin in concentrated solution. 
All these determinations were made at 20° and 
pH 7-5-7'6. Complete lack of oxygen stops the
cilia in 30 min. at pH 6-5, but the effect at pH 8-5 
is slight only. This agrees with a finding by Clark 
and Eggleton (1938) that the anaerobic formation 
o f lactic acid in the frog’s heart is inhibited at acid 
reactions.

Tests were made to find out whether lactic acid 
was formed in the ciliary epithelium under anaerobic 
conditions at pH 8 -5, but while a considerable amount 
o f acid was formed, as shown by the liberation of 
carbon dioxide in the Warburg vessels, the special 
test for lactic acid (Koenemann, 1940) showed no 
increase whatever.

An attempt was made to isolate the acid by ex
traction with ether after precipitation of proteins. 
It turned out to be volatile and to smell like lower 
fatty acids, but sufficient material for chemical 
identification was not obtained.

When the ethereal solution was shaken with normal 
caustic soda and this afterwards titrated electro- 
metrical ly with 0T JV hydrochloric acid, the titration 
curve showed a definite inflexion at pH 5, again 
indicating that the substance differs from lactic acid 
which shows a pK of 3-9.

Lower fatty acids are produced by anaerobiosis 
in certain animals, notably valerianic acid in Ascaris 
(Weinland, 1901), and several formulas have been pro
posed to account for their formation from sugar. 
These require the simultaneous formation of carbon 
dioxide, which was observed also in the case of 
Ascaris, but corresponding tests on Dreissensia gills 
gave a negative result. No carbon dioxide was pro
duced anaerobically from half the gills of four animals 
in 5-7 hours as compared with the other half, deter
mined at the beginning of the period.

On the other hand, it was shown by similar com
parisons that glycogen, found to make up about 
1 -5 per cent o f the fresh weight, disappears from 
the gills both in aerobic and in anaerobic metabolism, 
but at about three times the rate dining anaerobiosis. 
The glycogen disappearing is only partly catabolized, 
as reducing substances are found in the medium at 
the end of the experimental periods.

The respiratory quotient of 0-87 shows that some 
other substance than carbohydrate must be regularly 
catabolized, and a definite formation of ammonium 
proportional to the oxygen consumption was observed.

The experiments are to be continued, but so far 
as they go they are sufficient to show that the 
metabolic mechanism supplying energy for the 
ciliary movements in Dreissensia differs definitely 
from that of muscular contraction in vertebrates.

C h b is t e b  W e b n s t e d t .
Wenner-Gren Institute

o f Experimental Biology,
Stockholm. July 30.
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Orientation of the Etching Figures 
of Quartz

T h e  etching figures produced on quartz crystal b y  
hydrofluoric acid are different on surfaces cut in 
different orientations. The case in which the surface 
is normal to the optic axis is particularly interesting, 
since with such a surface, the etching pattern obtained 
consists of a great number of projecting triangular 
pyramids. This fact, first observed by Leydolt1, was 
afterwards studied by Molengraf2 and more recently 
by H. Arsandaux3, Pan Tcheng-Kao4 and A. de 
Gramont5. It is generally accepted that the three 
heights of the equilateral triangular base of each 
pyramid are respectively parallel to the three electric 
axes of the quartz, and that the three vertices of 
the base point towards the positive extremities of 
these axes when the crystal is under compression. 
A. de Gramont6 asserted that the parallelism between 
the orientation of the elementary pyramids and the 
bisectors of the angles formed by the hexagonal 
prism of quartz is not always true and that a 
deviation of a few degrees may sometimes be 
found. According to this author, the directions 
of the pyramids and not those of the bisectors 
represent the true directions of the electric axes of 
quartz.

In the course of investigating the effect of ultra
violet radiations on the etching figures of quartz, 
I  have carefully compared, by means of a high- 
precision micrometer, the orientation of these 
pyramids with the edges of the cross-section of the- 
hexagonal prism. Measurements were performed on 
a number of plates cut from different crystals of 
Brazilian quartz. In contradiction to the observa
tions of previous workers, the three basal heights of 
the pyramids are by no means parallel to the three 
directions of the bisectors of the angles of the hex
agonal cross-section. As a matter of fact, the angle 
formed by them is 30°, with some possible variations 
of only a few degrees ; in other words, the pyramids 
are directed to the mechanical axes rather than to 
the electric axes of quartz. For left-handed quartz, 
the directions of the three basal heights of a pyramid 
are orientated clockwise by 30° with reference to 
the positive extremities of the three compression 
electric axes, while for the right-handed quartz the 
orientation is anti-clockwise, as shown diagrammatic- 
ally in the illustration.

MEANS ORIENTED AS a/Sy  AS GENERALLY BELIEVED.
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A. Langevin7 has investigated, by the method of 
etching, the quality of a number of old piezo-electric 
quartz plates used in the Laboratoire Curie and the 
Ecole de Physique et Chimie of Paris. He concluded 
that the plates which gave low values of the piezo
electric constant were due to the existence of electric 
twinning, which could not be detected by the plate- 
makers of the past, who used only optical methods 
for the selection of plates, and that for plates,free 
from this twinning the values of the constant were 
found to be very consistent, having as a mean
7-05 X 10“8 c.G.s. unit. In this connexion, it is 
interesting to mention the result of A. de Gramont6. 
This author, using the same method of selection as 
Langevin, found 6-38 x  10“8 c.G.s. unit instead of
7-05 X 10“8 as the piezo-electric constant of plates 
of the best quality. This discrepancy is too great 
to be accounted for by the ordinary experimental 
error. It may very probably be caused by the differ
ence in the choice of direction of electric axis of the 
plates used ; since for the determination of this axis 
A. de Gramont relied on the orientation of the 
elementary pyramids rather than on the geometrical 
form of quartz.

Ch o o n g  Sh i n -P i a w * .
Institute of Radium,

National Academy of Peiping,
Kunming.

*  I n  o r t h o d o x  r o m a n i z a t i o n ,  C h u n g  S h 6 n g - P i a o .

1  L e y d o l t ,  Sitz. K . Akad. W. Math. Naturw., 5 9  ( 1 8 5 5 ) .
“ M o l e n g r a f ,  Z. Kryst. u. M in ., 14, 1 7 3  ( 1 8 8 8 ) .
“ A r s a n d a u x ,  H . ,  Bull. Soc. Franc. M in., 51, 1 6 6  ( 1 9 2 8 ) .
“ P a n  T c h e n g - K a o ,  Rev. d'Optique, 10, 1 5 3  ( 1 9 3 1 ) .
5  d e  G r a m o n t ,  A ., Rev. d’Optique, 10, 2 1 3  ( 1 9 3 1 ) .

*  d e  G r a m o n t ,  A . ,  “ R e c h e r c h e s  s u r  l e  Q u a r t z  P i e z o e l e c t r i q u e ” ,  2 2 ,  5 2  
( 1 9 3 5 ) .

“ L a n g e v i n ,  A . ,  C.R. Acad. Sti., 209, 6 2 7  ( 1 9 3 9 ) .

Collapse of Determinism
M a n y  readers of Nature will have noted with 

interest Prof. H. T. H. Piaggio’s clear and dis
passionate article on the “ Collapse of Determinism” 1. 
Of particular interest is the statement, “ But a third 
interpretation goes so far as to claim that the existence 
of causality is disproved” . This, of course, was the 
theme of Prof. E. T. Whittaker’s Guthrie Lecture2. 
His arguments, however, are open to serious criticism, 
and there has been a tendency to throw the onus 
on Von Neumann’s mathematical demonstration3. 
This, however, is also under criticism4 and there are 
many who, knowing how easily assumptions can 
lurk in analytical work, refuse to be mathematically 
bludgeoned. Harm can be done to the reputation of 
science by any who proclaim as a definite doctrine 
what is but a tentative effort.

In Prof. Piaggio’s last paragraph he remarks, 
“ Some philosopher-physicists welcome these con
clusions as giving us a hope of escape from the 
tyranny of an iron law of causation and assuring 
freewill to mankind as well as to electrons !”  That, 
of course, is quite true : one all too often hears the 
view expressed. Nevertheless, to jump to talk of the 
“ freewill of mankind” after having just talked only 
of electrons, and without noticing that there has been 
thrown into the equations an entirely unknown 
function called ‘mind’, is ‘philosophy’ of a type which 
surely even Thomas Aquinas would not have thought 
worthy of consideration.

N A T U R E
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Certainly many chapters of our physical knowledge 
can be neatly summarized in terms of causal laws. 
Some other chapters can at present best be summar
ized in quite different ways. Many physicists feel, 
however, the same dissatisfaction about these methods 
as the directors of a successful insurance company, run 
on statistical lines, might feel about their knowledge 
of the pathology of mortal diseases. In any event it is 
of very great interest to know if there exists even so 
much as a single instance where, by common consent, 
causal explanations can be definitely ruled out. Until 
then it would appear highly necessary to refrain from 
imposing our preconceived ideas, whatever these 
may be.

G i l b e r t  D. W e s t .
Physics Branch,

Military College of Science,
Stoke-on-Trent.

1  N a t u r e ,  154, 1 2 2  ( 1 9 4 4 ) .
2  P r o c . P h y s .  S o c . ,  55, 4 5 9  ( 1 9 4 3 ) .

3  “ M a t h .  G r u n d l a g e n  d e r  Q u a n t e n - M e c h a n i k ”  ( 1 9 3 2 ) .
4  P r o c .  P h y s .  S o c . ,  5 6 ,  1 9 5  ( 1 9 4 4 ) .

T h e  views of Prof. West on the interpretation of 
the Uncertainty Principle are very similar to my own. 
However, in writing on a controversial subject, I con
sidered it necessary to mention all interpretations 
given by eminent authorities. In cases where I 
personally was not convinced of the accuracy of 
such views, I  used the phrase “goes so far as to 
claim” , and when my objection was very strong 
indeed, used an exclamation mark. Prof. West’s 
list of references will be useful to readers who wish 
to form their own opinion on a subject of great 
interest to both science and philosophy.

In conclusion, I wish to put forward a general 
argument against all supposed demonstrations of an 
impossibility, such as Von Neumann’s. However 
careful the logic, at best all that has been demon
strated is that the impossibility holds for the problem 
as formulated. Other lines of approach, not yet 
considered, may correspond more accurately to the 
phenomena, and may lead to a positive result.

H. T. H. P i a g g i o .
University College,

Nottingham.

A Siderite of the Fourteenth Century
I b n -B a t t t t t a h , the famous globe-trotter of the 

Middle Ages, in his travels from Tangier to China 
and West Africa (a .d . 1325-54), on reaching Birgi 
(the ancient Pyrgion in the valley of the Cayster—- 
not far from the old Ephesus in Asia Minor), some 
time after 1332, was asked by the local sultan if he 
had ever seen a ‘stone’ “ that had fallen from the 
sky” . When he replied in the negative, the sultan 
showed him the ‘stone’ that had fallen some time 
ago outside the town, and ordered four stone-breakers 
to strike it vigorously with iron hammers. They did 
so, but with no effect. It weighed about a hundred
weight and was “ very hard with a glitter in it” 1. 
All this goes to suggest that it must have been a 
siderite. This fall is not mentioned in the list given 
in H. H. Nininger’s “ Our Stone-Pelted Planet” 2.

It is interesting to note that Dr. J. Astapowitsch, 
of the Sternberg Astronomical Institute of Moscow, 
in his letter to me dated July 27, 1937 (in response 
to my request to make inquiries about the sword 
presented to Tsar Alexander I of Russia by James

Sowerby, made from the Cape of Good Hope siderite3), 
wrote to say he could find no trace of this sword ; 
“ but among the meteorite collection of the Lomon- 
ossow Meteorological Institute there is a yataghan 
(Turkish sword without cross-piece) about 60 cm. 
long from an unknown siderite. It belonged formerly 
(in the 19th century) to a merchant in Siberia” .

In all probability this yataghan was made for a 
later sultan or Mongol chieftain from a siderite that 
had actually been seen to fall—perhaps from this 
Birgi one when its true nature was revealed. It 
would be of interest to ascertain the history of this 
yataghan prior to the nineteenth century. The fact 
that “ Caliphs and Mongol Chiefs had caused swords 
to be forged from recently fallen meteoric ‘stones’ ” 
was well known to scientific men like Alexander von 
Humboldt4.

Iron meteorites that have been seen to fall are 
rather rare.

M o h d . A .  R .  K h a n .
Begumpet,

Deccan.
June 15.

1 G i b b ,  H .  A .  II., “ Ibn B a t t u t a ’ s  T r a v e l s ”  ( L o n d o n  :  G e o r g e  B o u t -
l e d g e ) ,  1 3 4 .

2  B o s t o n  a n d  N e w  Y o r k  :  H u f f  t o n  M i f f l i n  a n d  C o . ,  1 9 3 3 .
3  P h i l .  M ag., 55, N o .  2 5 1  ( 1 8 2 0 ) ;  N ature, 135, 3 9  ( 1 9 3 5 ) .
‘ B o n n ,  H e n r y  G . ,  “ C o s m o s ” ,  v o l .  1  ( L o n d o n ,  1 8 4 9 ) ,  1 2 4 .

Prof. W . E. H. Berwick
M a y  I supplement Prof. Davenport’s notice of 

his predecessor1 to put on record an important service 
to mathematics which I was in a position to witness ?

About fourteen years ago, Prof. Berwick suggested 
that the British Association Committee on Mathe
matical Tables should apply part of a bequest from 
Lieut.-Colonel Cunningham to the preparation and 
publication of a table of cycles of reduced ideals in 
quadratic fields.- The computation of such a table 
is not a matter of pure routine, and could not be 
attempted by an operator who did not understand 
what he was doing ; a mathematician was wanted. 
Fortunately, the late Dr. E.- L. Ince, just returned 
to England from Cairo, was free to carry out the 
work, and he was a skilled computer as well as an 
exceptionally fine mathematician. The theory of 
ideals was a new subject to Ince, and Berwick under
took to initiate him. If, characteristically and 
irritatingly, Berwick underestimated the ease with 
which a mathematician of Ince’s quality could 
master the elements of the theory, his own labours 
were the greater. He spared himself no pains, he 
improvised details of notation and arrangement, and 
he kept in close touch with the work from start to 
finish. The table, which appeared in 1934, properly 
bears Ince’s name alone, but it owes a very great 
deal to Berwick’s generous and enthusiastic help.

Stories of Berwick will be told as long as any of 
his contemporaries are alive to tell them ; and we 
shall not forget that the arrogance of which we are 
making kindly fun was the arrogance that refused 
to acknowledge defeat in the presence of overwhelm
ing physical disaster. Many times Berwick fell prone 
from his great height; not once did he stoop.

E. H. N e v i l l e .
The University,

Reading.
Sept. 4.

■ N a t u r e ,  154, 2 6 5  ( 1 9 4 4 ) .
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GESTURE ORIGIN OF SEMITIC 
LANGUAGES

By Pr o f . ALEXANDER JOHANNESSON
University of Iceland

IN Nature of February 5, I  gave a summary of my 
researches regarding the origin of human speech 

as set out in my book “ Um frumtungu Indogermana 
og frumheimkynni: On the primitive speech of the 
Indo-European people and their first home”  (Univer
sity Reykjavik, 1943). I tried to prove that the most 
important class of the 2,200 constructed Indo- 
European roots could be explained as imitation by 
the organs of speech of the movements of the hands. 
As my conclusions agreed with those propounded by 
Sir Richard Paget in his work “Human Speech”  
(1930), I published my researches. I  have succeeded 
in adding much new material, not yet published, to 
my gesture theory. I  was interested to see whether 
my conclusions for the Indo-European languages 
Were confirmed or not in the Semitic group. I  there
fore undertook an examination of Hebrew (published 
in June in the Icelandic periodical Eimreioin under 
the title “Hebrew and Icelandic” ). The result was 
surprising : as many as 60 per cent o f the Hebrew 
roots could be explained by my own rules for the 
Indo-European languages.

As Pre-Semitic must be a starting point, just as 
Pre-Indo-European is, I  chose those sounds where 
Hebrew shows no divergence from the Pre-Semitic. 
I began with d, t, th in Hebrew. Roots in Indo- 
European beginning with dentals show the pre
dominant meaning “ to touch, retain, destroy (the 
first man either pressed his teeth together or let the 
tip of the tongue rest against them), extend, draw 
(in this case the tongue has been drawn back from 
the teeth to the palate)” . In Hebrew many roots 
beginning with dentals signify “ to smash, destroy, 
force” : dabl, press together; dbs,• pasto together; 
dvs, tread down ; dka, subdue ; dkh, smash ; dkk, 
break, smash; dyk, destroy; dchq, press, drive ; 
dqq, smash; tbch, kill, slaughter; tby, press into 
something ; thphph, beat the drum ; thqy, clasp one’s 
hands; trph, tear; thkk, subdue, smash, break; 
thmk, grasp, hold tight, etc. Many ‘dental’ roots 
signify to extend, draw : dag, be sad (get contracted); 
dgl, hoist a flag (l is the movement of the tongue to 
the palate); dvk, tear away; djg, draw up a fish ; 
dchh, push (draw away) ; tvh, spin ; tvch, cover (drag 
over); tchh, throw away; tchch, cover; tyli, lead 
astray ; tphoh, get expanded ; trch, throw burdens 
on something, etc.

I in Ide. signifies especially “ to move, withdraw, 
glide slowly, devour, lick, play, lie without move
ment” . In Hebrew : Ihm, devour ; Ichd, lick ; lyt2, 
devour eagerly; lyg2, imbibe noisily; Iqq, lick. 
Further: dig, spring, play; dlh, hang relaxed;
dll1, be limp ; dll2, be slack, o f slowly running water ; 
dlph, leak, drip ; tbl1, immerse in water ; tla, put 
a spot on something ; til2, sprinkle ; thla, hang up ; 
thlh, hang on gallows ; thll1, heap up gravel; M l2, 
betray (play a trick with one). Most Hebrew roots 
consist of three consonants, and it is clear from these 
and other examples that it is not always the first 
consonant that determines the meaning, this de
pending on the varying emphasis of the sounds.

r in Ide. signifies especially “ to put in movement, 
make noise, erect” . In Hebrew : rvd, roam ; rbk, 
stir about; rgy1, be in turbulent movement; rhh, be
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excited ; rkb, ride. Further : dbr, drive ; dhr, drive 
(horses); dvr, turn round ; dqr, pierce ; dra, push 
away ; drg, pace, walk ; drr, run incessantly ; trd, 
drive away, etc.

m is formed by closure o f the lips and should 
therefore signify “ to finish, be silent” , or something 
similar. This meaning appears seldom in Ide. In 
Hebrew : dvm, keep silence ; dmh:, be quiet; dmm, 
become silent (from fright); dmn, manure (put cover 
on ); tym, taste ; thmm, be perfect, have finished.

Of 138 roots beginning with d, t, th in Hebrew, the 
gestural origin is seen in 51 roots : l in the middle or 
final position decides the meaning in 15 roots ; r in 
middle or final position in 11 roots ; m in the middle 
or final position in 7 roots. Thus 84 o f 138 roots (60 
per cent) are evidently gestural.

Similar results are obtained by examining other 
sounds. The s roots in Ide. often signify “ to rim” 
(of water or fluid). In Hebrew : svch1, flow away ; 
svch2, sink down or in ; suph, rush ; svph, float, 
swim; sqq, sieve (a juice); svb, flow, rue ; skk, 
sink down (of water); snr, conduct water; srh, be 
moist.

The relationship between Ide. and Semitic, which 
has been suggested for hundreds of years, is not 
accepted by the majority o f philologists to-day. The 
possibility of relationship is not denied (Herm., Hirt 
and others). I f  the gesture theory is right, this 
doubtful question becomes clear. The first Indo- 
Europeans as well as the first Semitic people began 
to speak by imitating the signs o f the hands with 
their speech organs. This primitive state of speech 
shows clearly in many Ide. and Semitic words, which 
apparently seem to be of the same origin (comp. 
Herm. Moller’s comparative Ide.-Semitic dictionary). 
A  common origin is possible. But if the constructed 
Pre-Indo-European language is compared with 
the constructed Pre-Semitic language and the 
different development of these two groups is kept in 
mind, a common origin must be at least 10-20,000 
years old. A systematic research of all available 
Semitic material from this new point of view is now 
needed.
V  Different meanings o f the same root.

MONOCHROMATISM*
By D r. F. H. G. PITT

Kodak Research Laboratories

Mo n o c h r o m a t is m  is a type of colour-vision
deficiency in which the observer, a monochro- 

mat, can match any colour by any other colour, merely 
by the adjustment o f their intensities. It is a very 
rare form of colour-vision deficiency, its frequency of 
occurrence in the male population being stated to 
be so low as 0-0003 per cent1, as compared with 
6 per cent for anomalous trichromatism and 2 per 
cent for dichromatism. Of this rather tentative 
0-0003 per cent, nearly all the recorded cases are 
monochromats by virtue o f their having no cone- 
vision. Such persons, whose defect is usually de
scribed as cone-blindness, rely solely on the function
ing o f the rods in the retina, and suffer from other 
ophthalmological defects such as low visual acuity 
and nystagmus.^ As might be expected o f persons 
using a mechanism which, in normal persons, only 
functions when the eyes are dark-adapted, they suffer

* Comm. H982 from the Kodak Research Laboratories, Wealdstone. 
Harrow, Middlesex. *
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from photophobia or fear of the light. The luminosity 
curve for this type of monochromat is shown (Curve 
A) in the accompanying graph2. It is very similar 
to the scotopic luminosity curve for the normal eye. ' 
Whether such persons may be classed as colour-blind 
in the accepted sense of the word is a fine point; if 
they are accepted as such, then there is no logical 
reason why totally blind persons should not also be 
classed in the same way.

Recently, I came across a person who, although 
a true monochromat, did not suffer from the visual 
defects associated with the previously mentioned type 
o f monochromat. He had passed the Army visual 
tests, and a confirming test showed that he had 
visual acuity well above the normal. His particular 
duties had proved him to be a very able photo- 
metrist. When tested with the Ishihara charts, the 
American Optical Company’s Pseudo-Isocliromatic 
plates, and a test for dichromatism and anomalous 
trichromatism devised by Mr. R. B. Morris of these 
Laboratories, he reacted as a typical protanope, and 
in the first two tests read the letter, which purports 
to detect the monochromat, with ease. He would 
have been classed as a protanope had he not casually 
mentioned that he sometimes had difficulty with the 
blues. A test on a Donaldson colorimeter showed 
that he could match any colour with any other colour, 
thus confirming monochromatism. A further test, 
performed on special apparatus, also devised by Mr. 
Morris, showed that his visual recovery curve, after 
adaptation, was almost identical with that of a 
normal observer and confirmed what was suspected, 
namely, that the observer possessed cone-vision.

By kind permission of Dr. W. D. Wright, the full 
luminosity curve of this observer was measured on 
the Wright colorimeter3, which uses a test field sub
tending an angle of 2°. In the experiment, one half 
of the field was illuminated by light of wave-length 
0-53 (x, which could be varied in intensity, and the 
other half by light o f wave-length The observer 
was asked to match the two colours as accurately as 
possible for various values of throughout the 
visible region. This gave Curve B, which is similar 
to the protanopic luminosity curve and accounts for 
the fact that the observer reacted as a protanope 
to the three previously mentioned colour-vision 
tests. Colour matches, made by a normal observer 
for white and at various wave-lengths throughout 
the spectral range, were also perfect matches for this 
monochromat, proving that this form o f mono

chromatism is a reduced form of normal tri
chromatism.

Although this monochromatic luminosity curve is 
very similar to the protanopic luminosity curve, it 
should be noted that the blue (B') fundamental 
sensation curve4 modifies the luminosity curve in a 
minor degree only. The green (O') fundamental 
sensation curve4 (Curve G) bears a like similarity, 
and it is therefore concluded that the observer suffers 
from protanopia, in which the red (B') fundamental 
sensation curve is missing, and also from tritanopia 
in which the B' sensation curve is missing4. (Judd1 
mentions, without giving any supporting evidence, 
that a monochromat of this class is born with protan
opia and acquires tritanopia later. This acquirement 
of tritanopia is neither confirmed nor disproved in 
the case under discussion.) I f  the conclusion is cor
rect, this form of monochromatism could also be 
classed as one of double .dichromatism, and it follows 
that, from dichromatic data, we could forecast the 
possible forms o f monochromatism, and, if the di
chromatic data were correct, estimate the probability 
of occurrence. Listed below are the three well-known 
forms of dichromatism, designated by the names 
suggested by v. Kries, the reason for the deficiency4, 
and the reported occurrence1. Another form, called 
tetartanopia by v. Kries, is suggested by the theories 
of Hering and Muller, but practical information re
garding it is almost non-existent, and what is avail
able suggests that it may be tritanopia recorded on 
inaccurate apparatus.

Tame  1.

T y p e R e a s o n  f o r  d e f i c i e n c y O c c u r r e n c e

P r o t a n o p i a

D e u t e r a n o p i a

T r i t a n o p i a

A b s e n c e  o f  R* f u n d a m e n t a l  
s e n s a t i o n

F u s i n g  o f  R ' a n d  G '  f u n d a 
m e n t a l  s e n s a t i o n s  

A b s e n c e  o f  B '  f u n d a m e n t a l  
s e n s a t i o n

1  p e r  c e n t  

1 - 1

0 - 0 0 0 1  „

Prom these three forms of dichromatism we obtain 
the following two possible forms of monochromatism, 
omitting, of course, the form due to cone-blindness :

Table 2.

T y p e R e a s o n  f o r  d e f i c i e n c y
P r o b a b i l i t y  o f  

o c c u r r e n c e

M o n o c h r o m a t  I A b s e n c e  o f  B '  f u n d a m e n t a l  
s e n s a t i o n  a c c o m p a n i e d  
b y  t h e  f u s i n g  o f  t h e  R '  
a n d  G '  f u n d a m e n t a l  s e n 
s a t i o n s  ( t r i t a n o p i a  a n d
d e u t e r a n o p i a ) 0  - 0 0 0 0 0 1 1  p e r  c e n t

M o n o c h r o m a t  I I A b s e n c e  o f  R '  a n d  B '  f u n d 
a m e n t a l  s e n s a t i o n s  ( p r o -
t a n o p i a  a n d  t r i t a n o ' p i a ) 0 - 0 0 0 0 0 1

It is interesting to note that the reason for the 
deficiency given in Table 1 does not logically permit 
the occurrence of both protanopia and deuteranopia 
—if it did it would merely be protanopia. I f  deuter
anopia were not caused by the fusing of the R' and 
O' sensations, a third class of monochromat would 
occur, having a probability of occurrence as high as 
0-001 per cent, and would undoubtedly have been 
discovered. The fact that such a discovery has not 
been made supports the suggested reason for the 
deficiency, as given in Table 1.

According to Judd (ref. 1, p. 297), the two forms 
of monochromatism are postulated by one theory 
only, namely, that due to G. E. Muller, who classifies 
them as Inner Total Colour Blindness, Type I  and



468 N A T U R E  O c t o b e r  7, 1944, v0L. 154

Type II (Type I, as postulated by v. Kries and Hering, 
being vaguely described as acquired total colour 
blindness and total colour blindness respectively). 
As the method of approach followed in this com
munication is strictly in accordance with the prin
ciples laid down by the Young-Helmholtz theory 
winch in a slightly modified form fully accounts for 
dichromatism4, there is no reason why this latter 
theory should not be extended to cover mono
chromatism. Type I would be classified as blue
blindness with red and green fusion, Type II as blue 
and red blindness. Persons having Type I  defect 
would produce a luminosity curve similar to the 
deuteranopic luminosity curve, but with the rela
tively small ordinates of the blue luminosity curve 
subtracted. Such persons have been reported 
previously, but full luminosity values do not appear 
to have been measured although the maTiirmm of 
their luminosity curve is stated to be at X =  0-56 g, 
which is in agreement with the above postulate’ 
Persons having Type II  defect will produce a lum
inosity curve as given in the accompanying graph. 
No other types of monochromat are suggested by 
any theory or have been reported.

It may be that the recorded occurrence of trit
anopia, namely, 0-001 per cent, does not represent 
the true value, and that this apparently low figure 
is due in some measure to the fact that the usual 
forms of colour-vision tests do not adequately cater 
for this defect. I f  this is so, the probability of the 
occurrence of the two forms of monochromatism, 
namely, one person in every one hundred million, 
is also too low. Once again the nature of the colour' 
tests normally used would tend to obscure the true 
figure.
1  J u d d ,  D .  B . ,  J .  O p t .  S o c .  A m e r . ,  3 3 ,  2 9 4  ( 1 9 4 3 ) .
-  W r i g h t ,  W .  D . , a n d  G r a n i t . K . ,  “ O n  t h e  C o r r e l a t i o n  o f  S o m e  S e n s o r y  

a n d  P h y s i o l o g i c a l  P h e n o m e n a  o f  V i s i o n ” .  ( P u b l i s h e d  f o r  t h e  
B n t .  J . o f  O p h th a lm o lo g y , L t d . )  ( G e o r g e  P u l m a n ,  L o n d o n ,  1 9 3 8 . )  

3  V 7 r i g h t ,  W .  D . ,  T r a n s .  O p t .  S o c .  L o n d o n ,  2 9 ,  2 2 5  ( 1 9 2 7 ) .
J  P i t t ,  F .  H .  G . ,  P r o c .  B o y .  S o c . ,  B ,  1 3 2 ,  1 0 1  ( 1 9 4 4 ) .

W .

FORTHCOMING EVENTS
Saturday, October 7

Geologists’ Association ( a t  t h e  G e o l o g i c a l  S o c i e t y  o f  L o n d o n .  
B u r l i n g t o n  H o u s e ,  P i c c a d i l l y ,  L o n d o n ,  W . l ) ,  a t  2 . 3 0  p . m . — M r  A  D  
L a c a i U e  :  T h e  N o r t h w a r d  M a r c h  o f  P a l a e o l i t h i c  M a n  i n  B r i t a i n ’ ’ .  ’

Monday, October 9
British Museim (Natural H istory) ( i n  t h e  B o a r d  B o o m ,  C r o m 

w e l l  B o a d ,  S o u t h  K e n s i n g t o n ,  L o n d o n ,  S . W . 7 ) ,  a t  2 . 3 0  p . m . — D r .  J .  
B a m s b o t t o m  :  ‘ E d i b l e  F u n g i ” .

Chemical Society (Leeds Area Local Section) ( i n  t h e  C h e m i s t r y  
L e c t u r e  T h e a t r e ,  T h e  U n i v e r s i t y ,  L e e d s ) ,  a t  6 . 3 0  p . m . — D r  W  H  
I f h o m p s o n ^ i W T r e n d s  i n  C h e m i c a l  S p e c t r o s c o p y  a n d  t h e  S t u d y

Tuesday, October 10
R oyal AnthropologicalInstetute ( a t  2 1  B e d f o r d  S q u a r e ,  L o n d o n ,

. .  . 0 . 1 ) ,  a t  1 . 3 0  p . m . — M r .  H .  N .  C .  S t e v e n s o n  :  “ T h e  C a s e  f o r  A p p l i e d  
A n t h r o p o l o g y  i n  t h e  E e c o n s t r u c t i o n  o f  B u r m a ” .

Illuminating Engineering Society ( a t  t h e  E . L . M . A .  L i g h t i n g  
S e r v i c e  B u r e a u ,  2  S a v o y  H i l l ,  L o n d o n ,  W . C . 2 ) ,  a t  5  p . m . — M r .  E  
b t r o u d  :  P r e s i d e n t i a l  A d d r e s s .
oi.SJ£E? ? E,L?  Metallurgical Association ( a t  1 9 8  W e s t  S t r e e t ,  
S h e f f i e l d ,  1 ) ,  a t  6 . 3 0  p . m . — M r .  W .  H .  S a l m o n :  “ T h e  M e t a l l u r g i s t  
i n  t h e  F o u n d r y  .  e

Wednesday, October 11
Briush  Museum.(N atural History) ( i n  t h e  B o a r d  B o o m ,  C r o m 

w e l l  B o a d ,  S o u t h  K e n s i n g t o n ,  L o n d o n ,  S . W . 7 ) ,  a t  2 . 3 0  p . m . — D r  J  
B a m s b o t t o m  :  “ ' E d i b l e  F u n g i ” .

Institution oe Electrical Engineers (Badio Section) ( a t  S a v o y  
P l a c e ,  V i c t o r i a  E m b a n k m e n t ,  L o n d o n ,  W . C . 2 ) ,  a t  5 . 3 0  p . m . — M r .  
H .  L .  K i r k e  :  I n a u g u r a l  A d d r e s s  a s  C h a i r m a n .

Thursday, October 12
Institute oe Fuel ( a t  t h e  C o n n a u g h t  B o o m s ,  G r e a t  Q u e e n  S t r e e t ,  

L o n d o n ,  W . C . 2 ) ,  a t  2 . 1 5  p . m . — D r .  E .  W .  S m i t h :  M e l c h e t t  L e c t u r e .
Institution oe Electrical Engineers (Installations Section) 

( a t  S a v o y  P l a c e ,  V i c t o r i a  E m b a n k m e n t ,  L o n d o n ,  W . C . 2 )  a t  5  3 0  p  m  
— M r .  G .  O .  W a t s o n  :  I n a u g u r a l  A d d r e s s  a s  C h a i r m a n .

Friday, October 13
w e h ^ H  1U n U U NATUU L History) ( i n  t h e  B o a r d  B o o m ,  C r o m -
Bam ^oTtom ^^EBW e^im g/’ ’̂ 011'1011’ SAV'7)’ a t 2'30 J-

u n t T l ^ t h e ° e n d e ( M ^ O ^ t o b e r f ) a t e ^  “  M o n d a y s ’  W e d n e s d a y s  a n d  F r i d a y s  
Society of Chemical Industry ( a t  t h e  K o y a l  I n s t i t u t i o n  A l b e -  

" S c i e n c e  i r f I n d i a ” f ° n ’  W J ) ’  a t  2 ' 3 0  » • “ - * * * •  A . T m U ? F . B . S . ' :

T L w  l  A J q n C A L  S o c 4 E T J  ( a t  B u r l i n g t o n  H o u s e .  P i c c a d i l l y ,  L o n d o n ,  W . l ) ,  a t  4 . 3 0  p . m . — P r o f .  J .  P r o u d m a n ,  F . B . S . :  " T h e  T i d e s  
o f  t h e  A t l a n t i c  O c e a n  ( G e o r g e  D a r w i n  L e c t u r e ) .

Association OE Austrian Engineers, Chemists and Scientific 
M  orkers in Great Britain ( a t  t h e  A u s t r i a n  C e n t r e ,  0 9  E t o n  A v e n u e  
H a m p s t e a d ,  L o n d o n ,  N . W . 3 ) ,  a t  6 . 4 5  p . m . - D r .  J C o u t t s  a n d  D i - ’  
M e d w e i .  T h e r a p e u t i c s  i n  A u s t r i a  a n d  G r e a t  B r i t a i n ”

Institute oe Physics (Scottish Branch) ( i n  t h e  N a t u r a l  P h i l o 
s o p h y  D e p a r t m e n t ,  T h e  U n i v e r s i t y ,  G l a s g o w ) ,  a t  7  p . m . — S i r  L a w r e n c e  
B r a g g ,  F . B . S . :  “ T h e  P h y s i c s  o f  t i l e  S o l i d  S t a t e ” .

Saturday, October 14
Association for Scientific Photography ( a t  C a x t o n  H a l l  W e s t 

m i n s t e r ,  L o n d o n  S . W . l ) ,  a t  2 . 3 0  p . m . — M r  H .  E m m e t t  -  “ C h i e -  
m i c r o g r a p h y  o f  C r y s t a l  G r o w t h ” ;  M r .  B .  M c V .  W e s t o n - '  “ c S e -  
m i c r o g r a p h y  m  B i o l o g i c a l  B e s e a r c h ” .  e

APPOINTMENTS VACANT
beforTthe’dateu mentioned^ ^  “ ng " “ “ ents or 

Assistant Engineers for the British Guiana Government Public 
Thinm ent7"Thu  MlnistTr„y o f Labour and National Service,
Beference^'No.1 EA055JlPi(October19XWâ ’ l0nd° n’ W C “2 ^ o t i ™

Snm TPV iFN niPTJr V 10.?  ( t e m p o r a r y )  in the Department of 
W n A n e  S T h f ° , i E  *  a e  L o ,n d ° n  S c h o o l  o f  E c o n o m i c s  a n d  P o l i t i c a l  
f o c t o b e T l I )  A  t m g  S e c r e t a r y -  T h e  H o s t e l ,  P e t e r h o u s e ,  C a m b r i d g e

Assistant in the Mechanical and Electrical E m u m iu ™  
T l i e  P r i S . c i P a b  H a r r i s  I n s t i t u t e ,  P r e s t o n  ( O c t o b e r  1 2 ) .  Science Lecturer ( f u l l - t i m e )  in the Department o e  u t ■ t t  n r v ,  

o f  t h e  L i v e r p o o l  T e c h n i c a l  C o U e g e - T h f b i r e c t o r ™ f ^ E d u c a t t o n  1 4  T l i o m a s  S t r e e t ,  L i v e r p o o l ,  1  ( O c t o b e r  1 3 )  E d u c a t i o n ,  1 4  S n
Lecturer ( t e m p o r a r y )  in the Science Department o f  t h e  C r o v d o n  

K M o S  E d “ a t i -  O f f i c e s !  K a t h a r i n e

( s u i t a b l y  q u a l i f i e d  a n d  e x p e r i e n c e d )  f o r  a  f u l l - t i m e  t e a c h i n g  p o s t  i n '  
c o n n e x m n  w i t h  O r d i n a r y  N a t i o n a l  C e r t i f i c a t e  a n d  H i g h e r  N a t i o n a l  
C e r t i f i c a t e  C o u r s e s  i n  p a r t - t i m e  d a y  a n d  e v e n i n c  c l a s s e s  i n  t h p  
D e p a r t m e n t  o f  M e c h a n i c a l  a n d  A u t o m o b i l e  E n g i n e e r i n g  o f  D o n c a s t e r  

C h i e f  E d u c a t i o n  O f f i c l r ,  E d u l a ^ S ^

IN ™ E Engineering Department o f  t h e  C o u n t y  
T e c h n i c a l  C o l l e g e ,  W e d n e s b u r y — T h e  D i r e c t o r  o f  E d u c a t i o n ,  C o u n t y  
E d u c a t i o n  O f f i c e s ,  S t a f f o r d  ( O c t o b e r  1 4 ) .

Besearch Assistant in the Veterinary Laboratory" o f the
^ t l e ^ ^ l o ™ ^ 116 Begistrar’ King's CoIle« e> Ne" -

Besponsible Teacher of Engineering, a n  Engineering W ork- 
shop Instructor and Steward, a n d  a  Teacher of Physics, i n  t h e  
J u n i o r  T e c h n i c a l  S c h o o l  a n d  i n  S e n i o r  P a r t - t i m e  C l a s s e s  a t  t h e  B a t l e y  
T e c h n i c a l  C o l l e g e  a n d  S c h o o l  o f  A r t — T h e  D i r e c t o r  o f  E d u c a t i o n ^  
E d u c a t i o n  O f f i c e s ,  B a t l e y ,  Y o r k s .  ( O c t o b e r  1 6 ) .  ■

, H  1  ,EK  ( ' I N E E R  f o r  t h e  T o w n  C o u n c i l  o f  N e w  A m s t e r d a m ,  B e r b i c e
? o o t l S A i  H m a n a — T h e  M i n i s t r y  o f  L a b o u r  a n d  N a t i o n a l  S e r v i c e ,  B o o m

No 'cAK r ( 0 HctrerIlJ).gSWay’ L°"d0n' W'°'2 <qU°ting Eeference
Chemical Engineer, e x p e r i e n c e d  i n  d e s i g n  a n d  i n s t a l l a t i o n  o f  

£ r - e i ? 1 l c a l  m a n u f a c t u r i n g  p l a n t ,  f o r  s u p e r v i s o r y  p o s t  i n  L o n d o n — T h e  
M i n i s t r y  o f  L a b o u r  a n d  N a t i o n a l  S e r v i c e ,  B o o m  4 3 2 ,  A l e x a n d r a  H o u s e  
( O c t o b e r ^ ’ e ) 1 " 0 1 1 ^ 0 1 1 ’  ( l u o t i n 6  B e f e r e n c e  N o .  C . 2 2 9 2 . X A )

Hbadofthe  Chemistry and Applied Chemistry Department— 
T l i e  P r i n c i p a l ,  B o y a l  T e c h n i c a l  C o l l e g e ,  P e e l  P a r k ,  S a l f o r d ,  5  
( O c t o b e r  1 6 ) .  ’

Lecturer ( f u l l - t i m e )  in Chemistry— T h e  D i r e c t o r  of E d u c a t i o n ,  
T h e  P o l y t e c h n i c ,  3 0 9  l l e g e n t  S t r e e t ,  L o n d o n ,  W . l  ( O c t o b e r  1 6 )  

A ssistant Master in Mining Subjects i n  t h e  C o a l v i l l e  M i n i n g  
a n d  T e c h n i c a l  C o l l e g e — T h e  D i r e c t o r  o f  E d u c a t i o n ,  C o u n t y  E d u c a t i o n  
O f f i c e ,  G r e y  F r i a r s ,  L e i c e s t e r  ( O c t o b e r  1 7 ) .

Teacher t o  t a k e  - c h a r g e  o f  Biology Classes a n d  t o  a s s i s t  w i t h  
Elementary Science Subjects—T h e  P r i n c i p a l ,  H a r r i s  I n s t i t u t e  
P r e s t o n  ( O c t o b e r  1 8 ) .  ’

Professor of Physics— T h e  B e g i s t r a r ,  U n i v e r s i t y  C o l l e g e ,  S i n g l e -  
t o n  P a r k ,  S w a n s e a  ( O c t o b e r  18). ’ 6

Assistant Lecturer in the Mechanical Engineering Depart
ment o f  t h e  B e l f a s t  C o l l e g e  o f  T e c h n o l o g y — T h e  D i r e c t o r  o f  E d u c a t i o n  
E d u c a t i o n  O f f i c e ,  C o l l e g e  o f  T e c h n o l o g y ,  B e l f a s t  ( O c t o b e r  3 0 )  ’

Chaddock Chair of Economics— T h e  B e g i s t r a r ,  T h e  U n i v e r s i t v  
L i v e r p o o l  ( D e c e m b e r  2 9 ) .  ’

Lecturer in Geography a t  t h e  F u r z e d o w n  T r a i n i n g  C o l l e g e  
( e v a c u a t e d  t o  t h e  U n i v e r s i t y  o f  S o u t h  W a l e s ,  C a r d i f f ) — T h e  P r i n c i n a l  
2 9  C o r b e t t  B o a d ,  C a t h a y s  P a r k ,  C a r d i f f .  c i p a i ,

Teacher ( m a l e ,  G r a d u a t e )  of Mathematics w i t h ,  i f  p o s s i b l e  s u b -  
s i d i a r y  Geography— T h e  P r i n c i p a l ,  T e c h n i c a l  H i g h  S c h o o l , ’ C o l e  
S t r e e t ,  S c u n t h o r p e .


