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THE ATOMIC ENERGY ACT

TH E Atomic E nergy A ct has become law, and 
m any of its  provisions affect, or m ay affect, the 

w ork of scientific men in  G reat B rita in . Most clauses 
of the  A ct have no im m ediate effect beyond conferring 
certain  powers of control on th e  M inister o f Supply. 
Their practical consequences cannot be assessed un til 
th e  M inister issues th e  orders which th e  A ct authorizes 
him  to  m ake. The a t titu d e  of th e  Prim e M inister and 
the  M inister o f Supply in  th e  Commons debate, on 
which we com m ented recently in the  “News and 
Views” column (N ature , Oct. 19, p. 545), has done 
m uch to  reassure scientific m en th a t  i t  is the  in tention 
of th e  Governm ent to  w ork th e  new powers w ith  the 
least possible interference w ith  th e  freedom of science.

The only im portan t section of the  A ct to  become 
effective a t  once is Clause 11, which prohibits the 
unauthorized com m unication of inform ation on cer
ta in  m atters. I t  should be noticed th a t  th is  p ro
hibition  is therefore already  in  operation ; and 
exemptions from  it are possible only by  adm inistrative 
order, to  be issued by  th e  Minister.

The field covered by  the  prohibition would appear 
to  be very  narrow  and  far rem oved from  academic 
research, since th e  clause refers to  “p lan t . . . for 
producing or using atom ic energy” . A t a  first reading 
th is  m ay be in terpreted  as a  reference to  th e  large 
p lan ts used for th e  m ilitary  an d  industrial applica
tions of atom ic energy. No m an of science could 
claim  th e  privilege of spreading inform ation about 
such p lan ts a t  will, m uch as we look forw ard to  a 
tim e when world confidence will have been restored 
to  a  level a t  which these m atte rs  need no longer 
be regarded as secret.

However, a closer s tudy  of th e  A ct, and  in particu lar 
o f th e  definitions in  Clause 18, reveals th a t  “p la n t” 
includes “any m achinery, equipm ent or appliance” , 
an d  th a t  “atom ic energy” is defined in  a  w ay which 
covers any  process in  which atom ic nuclei give up 
energy. N atu ra l radioactiv ity  is excluded, b u t the  
provisions of th e  A ct include artificial radioactivity . 
Moreover, any  reference to  th e  production of atom ic 
energy also applies to  any  process “preparatory  or 
ancillary to  such production. . . . ”

I t  has been pointed out th a t,  on th e  basis of 
these definitions, a cyclotron, for example, would be 
a  p lan t for the  production of atom ic energy. Indeed, 
i t  is likely th a t  a  scientific investigator who ta lks to  
another about a  new feature of cyclotron design, or 
who writes a paper on th a t  subject, or any  journal 
which publishes his paper, is com m itting an  offence 
under the  Act. In  order to  rem edy th is, th e  Minister 
undertook “to  m ake an  order, a t  once on th e  passage 
of th e  Bill, freeing . . . th e  ordinary tools of the  
nuclear physicist’s trad e” . Once th is order is made, 
th e  m ost flagrant divergence between the  law and 
th e  norm al working practice of the  m an of science 
will have been removed.

There are, however, m any other ways in which 
th e  norm al practice of th e  scientific worker m ay 
b ring him  into  conflict w ith  these very  sweeping and 

fe 0cjjelf£§!SiMis. The question of the  results of 
%ieasurem®Mfe w ith a  cyclotron (as opposed to  its

[Politechnikij
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construction or m ethod of operation) was raised in  
th e  debate in  th e  House of Commons, b u t the 
M inister was unable to  give an  assurance on it. 
Legally it  seems th a t  R utherford’s experim ent on the 
disintegration of nitrogen, if  done to-day, would be 
subject to  th e  A ct as a  “p lan t for the  production 
of atom ic energy” . Such difficulties arise over a 
wide field, since th e  inclusion of ancillary processes 
presum ably covers, for example, p lants for the 
separation of isotopes. Any idea in  th is  field m ay be 
regarded as representing a “proposed p la n t” , and 
hence could no t be discussed w ith  anybody w ithout 
the  consent o f th e  Minister.

The A ct directs the  M inister no t to  w ithhold con
sent if  the  inform ation is n o t im portan t for the  p u r
poses of defence ; b u t th is  is surely n o t a very 
effective safeguard. E ven if  scientific m en could be 
sure of getting  permission to  publish on application, 
th e  need to  apply  for such permission frequently— 
and  n o t only in  m a tte rs  of clear m ilitary  im portance— 
would stifle free and inform al discussion, and  rapid  
publication, two of the essentials o f scientific progress. 
In  fact, m ost scientific workers would probably  fail 
to  understand the  legal technicalities, and  will con
tinue to  let common sense be the ir guide, even where 
th is  m ay m ean th a t  technically they  are breaking the  
law. The Minister will have to  weigh th e  bad  practice 
of encouraging them  to  ignore th e  law against the 
risk of an  irresponsible person m aking reckless 
disclosures.

U nder the  Official Secrets Act, a  scientific worker 
undertakes no t to  disclose inform ation about research 
on certain  specified m atte rs—and  usually  such 
activities are those carried on in  Governm ent es tab 
lishments—to  which he has been given access in  th e  
full knowledge of w hat is involved. U nder Clause 11 
of th e  new A ct, however, all m en of science m ay 
break  th e  law  if  they  com m unicate inform ation, 
however acquired, in  a  m uch w ider field ; and  it 
will be difficult for th e  individual to  know where the 
line is to  be drawn. Even if  m ost o f th e  p a rts  of 
physics investigated in university  laboratories are 
exem pted by  order o f the  M inister, a  legal righ t is 
now lost to  science, and  free publication has now 
become a m a tte r  which can only be undertaken w ith  
permission, instead  of by  right.

I f  i t  is intended th a t  m ost university  research shall 
be exem pted from the  working of the  clause, then  the 
purpose of th e  A ct m ust be to  cover eventualities 
outside the  scope of th e  Official Secrets A ct. Perhaps 
i t  could be used if a  new discovery of great m ilitary  
im portance were m ade in  a  un iversity  laboratory  ; 
i t  could be used to  ensure th a t  fu rth e r w ork on th is 
subject should be carried ou t under conditions of 
secrecy. This would probably  m ean, except in  w ar
tim e, th a t  the  w ork would have to  be carried out in 
a  Government establishm ent. No objection can be 
raised to  the  use of the  A ct in  th is  way.

I t  would be m ore serious if the  A ct were used to  
allow the  representatives of the  M inister to  examine 
th e  results of each piece of research in  nuclear 
physics before publication. W e hope th is is n o t the 
in tention  of th e  Minister. A censorship of th is kind 
would be possible only if research workers from

foreign countries were excluded from university  
laboratories where nuclear work was in progress, and 
th e  undergraduate students, too, were denied any 
in tim ate knowledge of the  research w ork going on in 
departm ents where they  are studying. The loss th is 
would involve to  th e  v ita lity  of scientific life in Great 
B rita in  would, from  the point o f view of work of 
po ten tia l m ilita ry  value alone, far outweigh any loss 
th rough  leakage of inform ation.

I t  is possible also th a t  the  A ct as i t  stands m ight 
be used to  prosecute m en of science, no t working in 
Governm ent establishm ents and not bound by the 
Official Secrets Act, who deliberately disclose to  the 
agents of a foreign Power secret inform ation about 
atom ic energy p lan ts, acquired in one of the  m any 
ways which are possible to  anyone actively working 
on nuclear physics. Leakage of inform ation in th is 
w ay m ust, o f course, be prevented. B u t the  price now 
being asked for th is precaution is too high. In  any 
prosecution brought before the  courts under the  Act, 
th e  defendant would obviously plead th a t  he did no t 
know th a t  th e  inform ation was secret, and  th a t  he 
had  done nothing b u t discuss a m a tte r  of scientific 
in terest w ith  a  colleague. A successful prosecution 
in  such a  case would im m ediately discourage even 
bona fide discussion. I t  needs little  im agination to  
see w hat th a t  would m ean for nuclear physics, 
or indeed any  o ther branch of scientific in 
vestigation. We should lose the  chance th a t  we 
now have of regaining our lead in  the subject, and 
the  chance th a t  we shall have inform ation worth 
‘giving aw ay’ will become small.

A very  grave responsibility therefore rests w ith  the 
M inister so to  fram e his orders for exem ption th a t  
genuine discussion is no t impeded. He m ust also 
m ake i t  clear th a t  his very  wide powers are to  be 
used in  an  emergency only. U ntil the necessary 
orders are issued, there will be a  cloud of doubt 
overhanging all teaching and  discussion in  the  field 
of nuclear physics. I t  is to  be hoped, therefore, th a t  
there will be no unnecessary delay in  defining clearly 
an d  unam biguously the  particu lar m atte rs which, in 
the  opinion of th e  M inister of Supply and his 
advisers, m ust come w ithin the scope of the Act.

THE METAMORPHOSIS OF PLANTS
Goethe’s Botany
The Metamorphosis o f P lan ts (1790) and Tobler’s 
Ode to  N ature (1782). B y Agnes Arber. Chronica 
Botanica, Vol. 10, No. 2. Pp. 63-126+ p l. 23-26. 
(W altham , Mass : Chronica B otanica Co. ; London : 
W m. Dawson and  Sons, 1946.) 2 dollars.

GO E TH E ’S essay on “The M etam orphosis of 
P lan ts” , first published in  1790, provides a 

them e of recurrent interest. Y et i t  would probably  
be n o t un true  to  say th a t  while th e  m ajo rity  of 
contem porary botanists are fam iliar, in a  general 
way, w ith the  underlying idea of th is work, few have 
studied th e  original edition or had  access to  th e  
English translations. Indeed, th e  la tte r  are no t 
readily accessible to  th e  ordinary reader. B y p re 
paring a new and critical translation , D r. A rber has 
rendered a  signal service to  botanists. B u t more
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th a n  th a t, she has rendered a service to  botany, for 
th e  translation  is preceded by an  in troduction which 
is a model of its kind. To those who have occupied 
them selves w ith  th e  history  of botany, particularly  
th a t  relating to  th e  last two hundred years, th e  
introduction will indeed prove all too short. F o r the 
au tho r has m uch to  say th a t  is interesting and 
im portan t about th e  genesis and  developm ent of 
G oethe’s idea, its intrinsic m erit, its  place in  botanical 
science and, more generally, in  th e  philosophy of 
biology. The aphoristic terseness and sureness of 
touch  w ith which these m atte rs are set out m ake it 
difficult to  do more th a n  emphasize th e  value of the  
new translation  and  in troductory  essay.

S tudents o f p lan t morphology are fam iliar w ith 
th e  general idea underlying Goethe’s theory  of m e ta 
morphosis, nam ely, th a t  all th e  external p a rts  of the  
shoot are regarded as being due to  th e  transform ation 
of a  single organ, th a t  organ— an ideal leaf—being 
itself an  abstraction. Or, in  th e  words of the  new 
translation  . . . “the  laws of transm utation  according 
to  which she (Nature) produces one p a r t from  another, 
and  sets before us th e  m ost varied forms th rough m odi
fication of a single organ . . . th e  process by  which 
one and  the  same organ presents itself to  our eyes 
under p rotean forms, has been called th e  M eta
morphosis of P lants", C ontrary to  a  view widely held, 
Goethe was apparen tly  no t acquainted  w ith the 
earlier re la ted  w ork of K aspar W olff (“Teoria 
G enerationis” ) published in 1759, when he w rote the 
“M etam orphose” . The view now before us is th a t 
he was an  independent observer, a  philosopher who 
looked closely a t  plants, and  who was im bued w ith 
th e  idea of developing some general conception, or 
nexus of ideas, to  cover th e  d iversity  of form  which 
he saw everywhere in  N ature, as well as in th e  
individual p lant. H is m ethod of presenting his views 
was n o t th a t  of th e  m an of science, bu t, as D r. Arber 
points out, essentially th a t of a  m an of letters. The 
ideas in th e  “M etam orphose” , which are set out in 
an  easy, fam iliar and som ewhat ten ta tive  fashion, on 
close exam ination prove to  be ra th e r elusive. H ere 
D r. Arber supports o ther critics in  th e  view th a t  the 
difficulty of grasping G oethe’s ideas of m etam orphosis 
is largely due to  the  fact th a t  he d id  n o t always 
succeed in grasping them  firm ly himself. N everthe
less, th a t  he was preoccupied w ith  morphological 
developments of a  m ost im portan t kind cannot be 
denied ; moreover, he was interested in  the  under
lying m echanism, he tried  to  form ulate general ideas 
adm itting  of synthesis ; and  he produced an  essay, 
which if n o t good science, still provokes thought. 
There is, o f course, always a  danger of reading into 
a w ork of th is  k ind  considerably more th a n  the 
au thor intended. Nevertheless, afte r reading some 
passages in  the  “M etam orphose” , i t  is interesting, if  
idle, to  speculate on the  contribution  which Goethe 
m ight have m ade to  biological theory  had  he been 
alive to-day.

Dr. Arber has no t only concerned herself w ith the  
te x t o f the  “M etam orphose” : she has also m ade use of 
m uch additional m a tte r from  Goethe’s correspondence 
and the  com ments of his contemporaries. Hence she 
has been able to  present as critical an  estim ate of his 
contribution to  bo tany  as we are likely to  get. Thus 
she emphasizes th a t  G oethe’s great service to  
morphology—we owe th e  w ord to  him —was his 
recognition th a t  its basis m ust be essentially com 
parative. On the  difficult question of G oethe’s scien
tific s ta tu s , she rem arks th a t  . . . “This question 
still rem ains fraught w ith difficulty, for the  catholicity

of his m ind, and th e  kaleidoscopic character of his 
activ ity , defy nea t labelling. As a bo tanist, he began 
w ith  a  simple u tilita rian  in terest in  p lan ts ; he passed 
th rough a brief period in  which he studied th e  m u lti
plicity  o f th e  p lan t world from  the  standpoint of th e  
descriptive n a tu ra lis t ; th is  was succeeded by a phase 
in  which his m ind was entirely possessed by  com
parative morphology, a  subject to  which the  value 
of his contribution, and th e  inspiration which later 
workers have derived from  it, are undeniable ; and, 
finally, by  a transition  na tu ra l to  his m ental growth, 
he reached a  stage in  which his morphological thought 
reached out to  the  reconciliation of the  antithesis 
between th e  senses and the intellect, an  antithesis 
w ith  which trad itional science does no t a ttem p t to  
cope. I t  has been suggested by  a  literary  critic th a t  
Goethe was ‘a g reat poet who grew out of poetry ’. 
Approaching- him , as we have done here, through 
the  m edium  of his p lan t studies, we m ay perhaps 
offer the  com parable conclusion th a t  Goethe was a 
g reat biologist, who, in th e  long run, overstepped 
th e  bounds of science.”

The publication under review also contains the  
original and a translation  of the  rhapsody on N ature, 
a ttr ib u ted  to  Goethe— “N ature : A phoristic”-—a
transla tion  of which by  T. H . H uxley opened the  
first issue of N ature  in  1869.

•By th is  new w ork of scholarship, D r. Arber has 
again placed a wide circle of bo tanists in her debt.

C. W . W a e d l a w

HISTORY OF BRITISH SCENERY
Britain’s Structure and Scenery
B y Prof. L. D udley Stam p. (The New N atu ra list 
Series.) Pp. x v i+ 2 5 5 + 6 4  plates. (London : W m. 
Collins, Sons and  Co., L td ., 1946.) 16s. net.

IT is gratifying th a t  the  editors o f th e  New 
N atu ra list series have taken  a wide view of the ir 

province, and have provided a volume which presents 
“a general view of the  stage and  setting  of B rita in ’s 
N atu ra l H isto ry” . W ith  th e  growing in terest in 
ecological studies, natu ra lists  require to  be in 
creasingly aw are of th e  physical background, of the  
fundam ental differences between the  various B ritish 
regions, and  of th e  factors which lead to  the ir 
modification. These considerations ap art, however, 
geology is a branch of na tu ra l history, appealing to  
a band  of am ateurs whose num bers are once more 
increasing, and th is  well-illustrated introduction to  
some aspects o f the  subject is therefore doubly 
welcome.

The au thor, Prof. L. D udley Stam p, has n o t been 
content to  provide a  w ork which will merely m eet 
the  needs of the ecologist, b u t has adopted a broad 
in terp re tation  of his subject ; indeed, much besides 
the  structu re  and scenery of B ritain  is dealt w ith  in 
th is  book. H e describes the  chief surface features 
and also indicates the  long and  complex series of 
events which have determ ined the ir present form 
and  distribution. H e has, in short, attem pted  “ to 
compress a  large section of the science of geology” 
into a  single volume.

A fter four in troductory  chapters (thirty-six pages) 
there are seven short chapters on general physio
graphy (the w ork of rivers and of the  sea, the  scenery 
of sedim entary rocks and  of glaciation, etc.). Then 
follow three chapters (sixty-nine pages) on the 
geological history  of B ritain , and  ten  chapters
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(sixty-nine pages) on the  various regions of B ritain . 
In  th e  la tte r, chief emphasis is laid on south-eastern 
England. London and H am pshire basins and the 
W eald get m ore th an  tw enty  pages, while Wales 
(including the  W elsh borders) and th e  N orth  of 
England (including the Lake D istrict and  Pennines) 
each have less th a n  five pages. The au thor, faced 
w ith such a task , m ust have found great difficulty 
in  allocating his space, and one can only wish th a t 
th e  book h ad  been extended to  allow a m ore adequate 
trea tm en t of these regions, for th is section will surely 
be the  one m ost frequently  consulted, bo th  by the 
am ateur na tu ra lis t and by the  intelligent reader w ith  
a  general in terest in th e  countryside.

Faced w ith  a  choice between such a reduction of 
th is  p a r t o f the  volume or o f some earlier section, 
m any would have preferred a shorter trea tm en t of 
th e  historical and stratigraphical sectiop. I t  is true, 
however, th a t  an  account o f geological h isto ry  p ro 
vides a basis for summ arizing the  distribution  of rock 
types, and  th a t  no constructive geological th inking is 
possible except in term s of a  tim e-scale ; some know
ledge of geo-chronology is alm ost essential as a  basis 
for the  in te rp re tation  of scenery.

In  th is  historical section th e  au tho r has freely used 
diagram m atic palaegeographical m aps ; there are 
some tw enty  of these—m ore th a n  a quarte r of the 
text-figures provided in th e  volume. H e quite 
properly indicates th a t  m any of these are based on 
inadequate in fo rm ation ; b u t i t  m ay  be wondered if 
he sufficiently emphasizes th e  fact th a t  each m ap 
gives a  synopsis o f the  conditions during a consider
able interval of tim e. F or example, th e  m ap showing 
th e  geography of Millstone G rit tim es (Fig. 44), 
based on th e  well-known diagram  by  th e  la te  Prof. 
Gilligan, m ay puzzle m any readers, w ith  its river 
flowing across th e  sea for some th ree hundred miles, 
joined on its  w ay by various tribu taries before 
finally building its  delta  as i t  reaches S t. George’s 
Land.

To condense so m uch inform ation for a  reader 
w ith  no previous knowledge m ay lead an  au tho r into 
generalizations which would no t be accepted w ithout 
qualification by his colleagues; b u t i t  is unfair to  
criticize him  on th is  account. In  order to  avoid 
technical term s he m ay find him self driven to  ra the r 
inexact statem ents. There are, however, some m is
leading sentences in  th is  book which it  m ay be 
possible, w ithout adding to  th e  reader’s difficulties, 
to  correct in  a  new edition. F or example, i t  is in 
correct to  speak of th e  “corrosive” power of ice 
(p. 83), or, in its  context, o f “subm arine” denudation 
(p. 81). E usta tie  m ovem ent is n o t m erely the  gentle 
elevation or depression of blocks of the  e a rth ’s crust 
relative to  sea-level (p. 22), and  if  no greater precision 
is needed, the  te rm  eustatie  would be b e tte r  om itted 
altogether. The ordinary  reader m ay find difficulty 
in understanding the  m ap (Fig. 1) illustrating  H igh
land and  Lowland B rita in  (apparently  showing the 
areas occupied by older and  newer rocks) when he 
realizes th a t  the  m ountainous isles o f Mull, Skye 
and A rran are counted as lowlands, and  th e  lowlands 
of Scotland are reckoned as highlands.

I t  is probably unnecessary to  say th a t  the volume 
is beautifully  produced in  th e  style which we have 
been led to  expect in th is series, and m any of the 
illustrations are excellent. The colour photographs 
are well reproduced, and ap a rt from  the  features they  
illustrate , m any of them  are very  a ttrac tiv e  as 
pictures. The au tho r in some cases has provided a 
diagram  showing th e  structures represented, a

valuable feature which m ight have been extended. 
Perhaps the  m ost useful p lates are those based on 
oblique air-photographs, which are particularly  suc
cessful as dem onstrations of geological structure. 
There are a good index and a  short annotated  biblio
graphy. A. E . T ruem an

PURIFICATION OF TEXTILE FIBRES
An Introduction to Textile Bleaching
B y J .  T. Marsh. Pp. xiii +  512 +  32 plates. (London: 
Chapman and H all, L td ., 1946.) 32s. net.

TH E  bleaching of textile m aterials is undoubtedly 
an  ancient a r t, th e  origins of which are lost in 

th e  m ists of an tiquity . Like other such arts, i t  was 
for m any centuries based simply on trad itional and 
em pirical knowledge. As th e  au thor of the  present 
volume, speaking of the  sta te  of tex tile  bleaching 
prior to  1914, sta tes in  his preface, “The purification 
of textile m aterials, scouring and bleaching, followed 
a  characteristic routine in which secret recipes were 
handed down from  father to  son, surrounded by  such 
an  au ra of m ystery th a t  it was impossible to  approach 
th e  subject on a rational basis” . The purpose of th e  
present w ork is to  set fo rth  the  rational basis on 
which th e  new science, as d istinct from  the  old a r t, 
o f bleaching m ust rest, in the  light of the  new know
ledge which the  past two decades of intensive research 
on tex tile  fibres have revealed.

The actual bleaching of textile yarns and  fabrics 
is only one of numerous processes having th e  common 
aim  of producing an aesthetically satisfactory m aterial 
for use or o rn am e n t; from  the  stric tly  u tilitarian  
point o f view the  vast m ajority  of fabrics would give 
b e tte r service were bleaching om itted. In  th is  sense 
bleaching is to  be regarded as a necessary evil, and 
th e  aim  of the  bleacher is to  produce the  necessary 
im provem ent in appearance w ith the  m inim um  of 
dam age to  serviceability. To th is end, bleaching 
processes, m any of which are severe in character, have 
to  be carefully controlled, and such control is possible 
only when th e  chemical constitution and physical 
properties of th e  particular m aterial are thoroughly 
known and  appreciated. The au thor, therefore, very 
properly opens his treatise w ith a fairly com prehen
sive description of the  nature, chemical structure and 
physical properties of the  m ain types of na tu ra l 
fibres, and, in less detail, those of the older and newer 
synthetic fibres or rayons. In  parenthesis i t  m ay be 
sta ted  th a t the  to ta l available volume of inform ation 
on rayon is small compared w ith  th a t relating to  the  
n a tu ra l fibres : the  section in  the  present work
dealing w ith the  bleaching of rayon, for example, 
occupies only two pages ; th e  au thor cannot be held 
responsible, however, for the  fact th a t while m uch 
research on rayon has been carried ou t, little  has 
been published.

H aving thus laid a very necessary foundation, the 
au tho r proceeds to  describe the  purification processes 
prelim inary to  bleaching proper. In  some cases, for 
example th a t of wool in  m any of its applications, 
these are, in fact, more im portan t th an  the  bleaching 
processes themselves, and upon the ir proper execu
tion  the success or failure of the la tte r  generally rests. 
Hence it  is not really surprising th a t the  actual 
subject of bleaching is not reached un til the  au thor 
has run  one th ird  of his appointed course. Then, 
however, the  m atte r is dealt w ith  very  faithfully, 
and the  various types of bleach, as applied on
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one hand  to  cellulosic fibres, na tu ra l and  synthetic , 
and on the  other to  the  protein  fibres and their 
artificial counterparts, are described, examined, and 
criticized in  considerable detail.

F inally, and  since bleaching really is a necessary 
evil, logically, a section is appended in  which the 
various types of damage which can be inflicted upon 
textile fibres by  unskilful processing are dealt w ith, 
and the  m ethods in  general use for assessing such 
damage are described.

The au thor in  one or two instances perpetuates 
errors of fact, such as, for example, th a t  nylon does 
no t swell in  w ater, and  th a t  wool fibres become 
b rittle  when com pletely degreased; b u t these are 
m inor defects in a  w ork which will undoubtedly prove 
of g reat service bo th  to  those actively engaged in  the 
industry , and  to  those students to  whom th e  industry  
m ust look for its fu tu re technologists. The trea tm en t 
is stric tly  scientific th roughout, and  free from  any 
suggestion of empiricism, and the  te x t is liberally 
supplied w ith  references to  th e  literature. One m ight 
have wished, perhaps, th a t  in  some instances, where 
the  literature presents an  ambiguous or even con tra
dictory picture, a  m ore critical a ttitu d e  had  been 
adopted in  th is re sp e c t; for it is precisely in  such 
cases th a t  th e  non-expert reader is en titled  to  expect 
from  th e  expert au tho r guidance as to  the reliability 
or otherwise of published work.

This volume is, nevertheless, a useful successor to  
the  recently revised “In troduction  to  the  Chemistry 
of Cellulose” by th e  same au thor and F . C. Wood, 
and should find a  place on th e  shelves of all who are 
interested in  th e  science of tex tile  m aterials and 
processes. N. H . Cham berlain

AN X-RAY ENCYCLOP/EDIA
X-R.ays in Practice
By D r. W ayne T. Sproull. Pp . v ii+ 615 . (New Y ork 
and  London : McGraw-Hill Book Co. Inc., 1946.) 
30s.

T H E  description of th is  book as an  encyclopedia 
is scarcely an  exaggeration. To quote from  the 

dust cover . . . “the  book deals w ith the  generation, 
absorption, scattering and  diffraction of X -ra y s ; 
m easurem ent and  recording of X -ra y s ; X -ray  
equipm ent ; industrial radiography ; medical applica
tion  ; X -ray  diffraction and  crystallography ; fluoro
scopy, autom atic inspection, m icroradiography, gem 
coloration, e tc .” . There are also some nuclear physics 
and  electron diffraction, and  it  is indeed difficult to  
th ink  of any  other subject th a t  m ight have been 
included.

B u t th is  m ethod of trea ting  the  subject raises an 
im portan t question : Ought one m an to  w rite an 
encyclopaedia ? One m an cannot be expected to  be 
so expert on all th e  branches of a  subject th a t  he 
can present them  to  others, and th is  defect is apparent 
in certain  portions of th is  book ; D r. Sproull has 
failed in several instances to  convey an  adequate idea 
of the  present s ta te  of knowledge or of practice. F or 
example, th e  section on X -ray  tubes is very detailed, 
far more detailed th a n  any  other book of which the  
reviewer is aware, and on th a t  account extrem ely 
valuable. B u t i t  omits entirely  any reference to  
commercially m ade dem ountable tubes, and gives 
th e  impression th a t  a  supply of sealed-off tubes will 
fulfil th e  needs of any laboratory. This is not the

general experience in G reat B rita in , where tubes w ith  
interchangeable ta rge ts are very  popular ; i t  would, 
for example, no t be economical to  m ake sealed-off 
tubes w ith  m anganese or zinc targets.

The weakest p a r t o f the  book, however, is th a t  on 
X -ray  diffraction. H ere D r. Sproull is obviously out 
of touch w ith m odern developments, and  gives the 
reader an outline which is of little  practical use. F or 
example, he describes W . L. Bragg’s m ethod of 
determ ining the  structures of NaCl and  KC1. The 
historic im portance of th is  w ork is unquestioned ; 
b u t crystal structures are no t worked out th a t way 
nowadays.

There are still m ore serious defects th a n  th is, 
however ; these are illustrated  by th e  following direct 
quotations :

“The only system  (of space-group nomenclature) 
th a t  nearly  everybody understands is th e  Schonflies 
system ” (p. 311). (The M auguin system  is mentioned, 
b u t an  error is m ade in th e  accom panying example.)

“A t ordinary  tem peratures one m ay regard f  and 
f0 (the atom ic scattering factors a t  room tem pera
tu re  and  a t  absolute zero respectively) as practically  
identical” (p. 357).

“A lthough the  Laue m ethod is th e  oldest m ethod 
of crystal analysis it is still used by  some of the  
forem ost crystal analysts” (p. 371).

There m ay be a grain of t ru th  in  each of these 
statem ents, b u t the  cum ulative effect m ust be to  
give a quite m isleading impression to  the  beginner.

D r. Sproull has also introduced some ra the r 
unusual term s. O utstanding is the  word ‘suppression’, 
used in connexion w ith th e  system atic absence of 
reflexions due to  space-group sym m etry. Buerger 
recently, and apparently  quite unnecessarily, in tro 
duced the  te rm  ‘extinction’, which is unfortunate, 
since it  already has a  definite m eaning in  X -ray  
analysis. B u t in  the  reaction from  this, is it necessary 
to  introduce still another term  ? Similarly, the  te rm  
‘crystal la ttice’ (p. 302) is used to  describe w hat is 
already known as ‘crystal s truc tu re’. I t  is a m erit 
of the  book th a t  there are few loose statem ents, and 
it  is perhaps th is  th a t  makes such defects stand  out ; 
m any w riters use the  w ord ‘la ttice ’ w ithout a clear 
sta tem en t of th e  m eaning they  a ttach  to  it, and  Dr. 
Sproull certainly does no t do this. B u t why not 
leave the  w ord ‘la ttice ’ to  fulfil its ordinary and  quite 
proper function ?

I t  will be seen th a t  m ost o f th is  criticism  of the 
book applies to  th e  sections on X -ray  diffraction ; 
the  sections on apparatus and industrial applications 
are m uch more satisfying. Nevertheless, even in these 
sections some elem entary m istakes have crept in. 
The au tho r speaks of “absorption per c.c.” (p. 72), and 
on p. 100 he gives the  impression th a t  an  angle is 
greater th a n  90° if  its sine is greater th a n  unity .

On p. 449 th e  same symbol is used for two different 
meanings in  th e  same equation, so th a t  th e  following 
m onstrosity  occurs :

2d0 =  -
2 dd sinQ 

d co s0 '

The difficulty of nom enclature in  differentiating 
Bragg’s equation because of th e  presence of d is well 
known ; b u t a  judicious use of S’s would have solved 
th e  problem.

A part from  th e  universality  o f its scope, th e  book 
also a ttem p ts  to  cater for too wide a range of reader. 
M any p arts  of the  book require a  fair knowledge of 
physics and m a th em atics; yet flat-irons and  base-
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ball, pistols and  bullets, continually obtrude th e m 
selves. I t  can fairly  be said th a t  one to  whom such 
analogies appeal could derive little  benefit from  th e  
rest of the  book ; and  those who find th e  book a t  
the ir own level m ust be irrita ted  by these sudden 
intrusions.

To summ arize, then , one m ight say  th a t  th is  would 
have been a m uch be tte r book had  its scope been less. 
On th e  technicalities o f X -rays i t  is good, and  the  
large num ber of references to  original w ork should 
m ake it  extrem ely useful. B u t those sections with 
which the  au thor is presum ably unfam iliar should 
have been om itted. H . L ipson

ORGANISATION OF AGRICULTURE
Farming and Mechanised Agriculture
E dited  by Sir R . George Stapledon. Pp. 492. 
(London and  New Y ork : Todd Publishing Co. L td ., 
1946.) 21s. net.

T H IS  annual reference book, now in its  th ird  
edition, provides a  conspectus of th e  organisation 

of agriculture in  th e  U nited  Kingdom . Farm ers are 
well aware, perhaps painfully  aware, o f the  com plexity 
of th is  organisation ; b u t the  reader who has no 
professional contact w ith  agriculture m ay well be 
surprised a t  th e  num ber of official and  p rivate bodies 
which exist to  control or develop different p a rts  o f the 
industry . Ten M inistries or D epartm ents, and tw enty- 
eight s ta tu to ry  bodies w ith  num erous com m ittees, 
th e  w ork of which is concerned in  vary ing  degree 
w ith  agriculture, are listed in addition  to  th irty - 
five national societies or associations and m any local 
ones. According to  th e  point of view of th e  reader, 
these figures m ay be taken  as a striking illustration 
of the  size and  im portance of the  agricultural 
industry , and the  diversity  of its products, or as an 
example of the  insidious growth of bureaucracy.

The book begins w ith  a  series of articles covering 
a  wide field, ranging from  th e  world supply of food 
and  tim ber to  th e  chemical control of weeds. The 
purpose of th is section is no t clear from  its contents ; 
if  it was intended to  present a comprehensive view 
of the  present s ta te  and current problem s of agricul
tu re , th e  selection of subjects is n o t a well-balanced 
one ; for example, two of th e  articles, by  members 
of th e  same branch of th e  U.S. D epartm ent of 
Agriculture, deal w ith  closely related topics. This 
section is likely to  be of more in terest to  th e  general 
reader th a n  to  the  agriculturist, for the  subjects 
have been fully discussed in m any recent articles in 
the  technical Press, and in books, in  some cases by 
th e  same authors. I t  is followed by  a short section 
on legislation and  policy.

The m iddle section consists o f directories o f the  
official bodies concerned w ith agricultural adm inistra
tion , including some in  th e  Dominions and  the 
U nited S tates, statem ents of th e  objects and policy 
of these bodies and  of private organisations and 
officially appointed com mittees, an  account of the  
organisation of agricultural education, a directory 
of educational and research institu tions and a  direc
to ry  of organisations interested in farm ing and 
mechanized agriculture. This is perhaps th e  m ost 
useful p a rt of th e  book, for the  inform ation which 
it  contains is no t all available in any  other single 
publication. Some small changes in arrangem ent 
m ight m ake consultation easier ; for example, the
laboratories directly  controlled by the  M inistry of

\

Agriculture, th e  D epartm ent o f Scientific and In d u s
tria l Research and  th e  A gricultural Research Council 
are no t included in th e  directory of research in s titu 
tions b u t appear earlier, in the  official directories.

L ater sections give tables o f statistics of agricul
tu ra l production, a  list o f books, periodicals and 
films on agricultural subjects, a “W ho's W ho in 
Farm ing and Mechanised A griculture” , and a subject 
index. There are a  num ber of obvious omissions from  
th e  “W ho’s W ho” , as well as some scarcely justifiable 
inclusions, and  in fu tu re  editions it  would be prefer
able to  replace th is  section by  an  index of names 
referred to  earlier in  th e  tex t.

Two general criticisms m ay be m ade : first, the  
title  is misleading, for th e  book contains little  inform a
tion  on th e  practice of husbandry, and still less on 
m echanization ; secondly, the  book is unnecessarily 
well m ade and  th e  price too high for an ephemeral 
w ork which is to  be renewed annually.

D. J .  W atson

THE STORY OF LEATHER
Leather in Life, Art and Industry
Being an  Outline of its  P reparation  and  Uses in 
B rita in  Y esterday and To-day, together w ith some 
Reflexions on its Place in  the W orld of Synthetics 
To-morrow. B y John  W . W aterer. P p . 320 +  111 
plates. (London : F aber and Faber, L td ., 1946.) 
50s. net.

MR . W A TER ER  has w ritten  a  rem arkable and a 
fascinating book. I t  should be read no t only 

by  all who have any connexion, however rem ote, 
w ith  leather and leather goods, b u t also by all who 
take an  in terest in  the  social and industrial history 
of G reat B ritain . Mr. W aterer has a knowledge of his 
subject th a t  only first-hand experience can give, and, 
m ore th an  this, he writes w ith the  fervour th a t 
springs from  advocating a worth-while cause, nam ely, 
th a t  in  these days of factory  production a  s tudy  of 
industrial design can ensure th a t meetness of m aterial, 
form  and purpose w hich existed in  the days of the  old 
craftsm an who carried through th e  m aking of an 
object from  s ta rt to  finish w ith  his own hands and 
brains.

The m aking of leather and  leather goods is one of 
E ngland’s oldest industries, and one of th e  first to  
achieve the  distinction of an  export trade. Over the 
centuries the reputation  of certain  English leather 
goods was bu ilt up, so th a t  even to-day things like 
English saddles and sports goods, certain  classes of 
luggage, and m en’s shoes are still regarded as the best 
th a t  can be m ade. This aiming a t  a high standard  of 
quality  was achieved in  the  early m iddle ages by  the 
efforts o f th e  trade guilds, of which abou t a dozen were 
connected w ith  articles of leather, w ith six surviving 
to  th is day though no longer exercising supervision 
over the  crafts they  nom inally represent.

A bout a th ird  of Mr. W aterer’s book is devoted to  
the  leather guilds and crafts. The sto ry  of th e  guilds is 
n o t unam using—founded to  p ro tect th e  interests of 
the  members, all of whom were originally active 
participants in the  crafts concerned, and  to  m aintain  
a high standard  of quality  in  the wares offered to  the 
public, they  soon allowed these high m oral principles 
to  give way to  ordinary hum an natu re , and we find 
them  quarrelling w ith each other over spheres of 
influence (even to  actual bloodshed), opposing the 
em ployment of foreign political refugees, and m aking
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a bid for the  ‘closed shop’— in fact, behaving in  a 
m anner quite fam iliar to  us in 1946.

The nex t section of th e  book is devoted to  a brief 
account o f different classes o f leather produced by  
m odem  factory  m ethods, and to  an enum eration of 
the m any uses of leather in  m odem  life. This will 
astonish m ost readers, for besides th e  obvious uses 
th a t  are encountered in every individual’s daily life 
there are also th e  m any uses th a t  leather finds in  th is 
mechanical age, nam ely, as essential p arts  in machines 
for spinning and weaving and as washers and cups in 
hydraulic m achinery—for example, all the  oil th a t  is 
pumped up  to  th e  e a rth ’s surface passes over leather 
washers.

F inally, th e  book summarizes th e  facilities in Great 
B ritain  for education in m odem  m ethods and for the  
research which is so v ita lly  needed to  keep th e  age-old 
industry  abreast of m odern life.

The volume is beautifully produced and lavishly 
illustrated, and reflects great credit on both au tho r 
and publishers. I t  is a  p ity  th a t  the  general im pover
ishm ent of post-w ar England has necessitated a  cloth 
binding— it is certainly w orth  one of those beautiful 
tooled leather bindings shown among the  illustrations.

D. Jordan  L loyd

PLANTS OF THE PACIFIC
Plant Life of the Pacific World
By Prof. E lm er D. Merrill. (Pacific W orld Series.) 
Pp. xv+ 295 . (New Y ork : The Macmillan Com
pany  ; London : M acmillan and Co., L td ., 1946.) 
16s. net.

TH E  vast area covered by the  Pacific Ocean, com
bined w ith  the  range of clim atic and physio

graphic conditions of th e  lands surrounding it and 
th e  islands it  surrounds, inevitably  results in a rich 
and varied p lan t life. The interesting and practical 
guide prepared by  Prof. Merrill, however, covers only 
th a t  portion  of th e  Pacific, m ainly th e  north-w estern 
tropical island groups, b rought into prominence 
th rough  th e  w ar against Japan . Even w ith in  th is 
portion there are certainly in excess of 50,000 different 
species and 2,500 different genera of higher plants. 
F rom  the Philippines alone some 9,500 species of 
vascular p lan ts have been recorded. W isely, in a 
work intended for th e  lay reader, i t  is th e  ecological 
and economic aspects of th e  p lan t life th a t  are 
emphasized. The m ajor physiognomic groupings are 
covered by  chapters w ith headings such as p lan ts of 
the  seashore, the  m angrove forest, th e  secondary 
forests and  open grasslands, and th e  prim ary  forest. 
A tten tion  is also given to  p lan ts of special in terest, to  
weeds, and to  cu ltivated  plants. A chapter of practical 
value deals w ith  ‘jungle foods’. The professional 
bo tan ist will find m uch th a t  is new to  h im  in all 
these chapters, m ainly because Prof. Merrill so often 
draws upon his own wide experience.

In  two chapters, problems of p lan t d istribu tion  are 
especially considered for Malaysia and Polynesia 
respectively. Such disputed questions as th e  W allace 
and W eber lines, the  relationship and historic con
nexions between M alayan and A ustralian p lan ts, and 
hypotheses concerning changes in physiography are 
considered very  judiciously. The au thor is obviously 
opposed to  accepting th e  W egener hypothesis of 
continental d rift in order to  explain problems of 
distribution, and  sums up  his position in the  words 
“Like some other theories, its  acceptance would 
explain certain  observed phenom ena, b u t a t  th e  same

tim e would leave unexplained another g reat m ass of 
d a ta  th a t  does n o t conform ” .

The M icronesian-Polynesian floras largely consist 
of th e  same general types as are characteristic of the 
M alaysian region, and  th is  is tru e  even of Hawaii. 
The floras of low islands are m arkedly different from  
those of high islands. The full explanation of when 
and how n a tu ra l floras reached rem ote Pacific 
islands rem ains unknown. As th e  au th o r says, 
“hypothetical land bridges have been scattered  righ t 
and left all over th e  Pacific basin to  explain the  
present-day d istribu tion  of th is  o r th a t  group of 
p lan ts” .

P articu lar a tten tio n  should be directed to  th e  well- 
selected bibliography, which will serve as a  very  
adequate guide to  th e  studen t seeking fu rth e r 
inform ation concerning th e  p lan t life of th e  far-flung 
lands of th e  Pacific Ocean. W . B. T urrill

STELLAR SPECTROPHOTOMETRY
Photometric Atlas of Stellar Spectra
B y W. A. H iltner and  Robley C. W illiams. Pp. i i i+  
24+246 plates. (Ann Arbor, Mich. : U niversity  o f 
Michigan Press ; London : Oxford U niversity  Press, 
1946.) 42s. net.

A  WARM welcome m ust be given to  th is  first 
photom etric a tlas of stellar spectra, a  useful 

rem inder o f the  increased im portance a ttach ed  to  
the  quan tita tive s tudy  of ste llar rad iation . E igh t 
b righ t sta rs ranging from  _B8 to  M 2  have been p hoto
graphed w ith  th e  Coude spectrograph of the  82-inch 
reflector o f th e  McDonald O bservatory, Texas 
U niversity. The dispersion varies from  2-1 A. per 
mm. a t  4000 A. to  14-2 A. per mm. a t  X 6500 A. 
The spectra have been analysed a t  th e  U niversity  of 
Michigan w ith  a null-type d irect-intensity  micro
photom eter. The resu ltan t tracings w ith  th e  in tensity  
scale are reproduced for each s ta r  in  a set of some 
six ty  sections ranging from  20 A. a t  X 4000 A. to  
100 A. a t  6600 A. ; th e  m agnification from  spectro
gram  to  published tracing  is 21-6.

The sta rs selected are pi Orionis, a Lyrse, a Canis 
Majoris, a Cygni, a Persei, a Canis Minoris, a Bootes 
and  a Orionis. I t  is instructive to  w atch th e  changes 
in  th e  tracings th rough  th e  sequence for selected 
stretches of th e  spectra and  to  com pare them  w ith  
w hat one notices by exam ining th e  spectra directly  
w ith  th e  eye. Such an  exercise shows a t  once w hat 
seems th e  chief defect in  th e  atlas, the  failure to  p u t 
a  wave-length scale along the  tracings, or a lte rn a
tively  to  m ask sufficient lines to  m ake easier th e  
identification of th e  weaker lines. A dm ittedly  th is  
would have been a  heavy additional labour to  th e  
authors o f th e  a tlas, b u t i t  would have been a  g reat 
help to  those m aking use of it. A com parison m ade 
between th e  a tlas for a Cygni and  the  tab le  of w ave
lengths given by  S truve for spectrogram s of th e  s ta r 
secured w ith the  same instrum ent (A strophys. J . ,  94, 
344 ; 1941) shows th a t  th e  effect of the  grain  on the  
m icrophotom eter has been som ewhat disappointingly 
large, and  th a t  the  weakest lines, o f in tensity  0, and 
m any lines of in tensity  1 are lost. Messrs. H iltner 
and Robley W illiams cannot be blam ed for th is , the  
trouble being inherent in th e  m aterial available, and 
they  are to  be congratu lated  on having led th e  w ay 
in a new field and  having produced a w ork of con
siderable usefulness to  the ir fellow-workers.

F . J .  M. Stratton
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He Conquered Death
The S tory  of Frederick G rant Banting. B y M argaret 
Mason Shaw. Pp. x iii+ 111  +  11 plates. (Toronto: 
The Macmillan Co. o f Canada, L td ., 1946.) 8s. 6d. 
n et.

INFORM ING children of famous discoveries in  
science presents m any difficulties, and  the m ethod 

of tracing the  biography of the discoverer is probably 
likely to  be m ost successful. W ith  a m an of such varied 
interests and lovable qualities as the la te  Sir Frederick 
B anting, the  ta sk  of the  biographer is m ade easy. 
Y et Miss Shaw, who worked under B anting for 
eleven years a t  the  U niversity of Toronto, m ust be 
commended for th e  skill w ith  which she has kept 
fa ith  w ith  B anting’s tenacity  for tru th  and for the 
way in  which she stim ulates the  im aginative faculties 
o f the  young readers for whom her book is intended. 
This she achieves by  allowing B anting’s life-story to  
be to ld  by  a practising doctor, who was a con
tem porary  of B anting in  his undergraduate days, to  
a  group of interested boys. As the  sto ry  unfolds 
th ey  learn of th e  discovery which m ade Banting 
world-famous, the m ethods and  a ttitu d es of research 
workers in  general, B an ting’s m arked abilities as a 
pain ter and his friendship w ith  A. Y . Jackson, his 
experiences in  two world wars in  m ilita ry  medicine, 
and  other events and incidents which m ade up  a full 
and  varied life. Miss Shaw has w ritten  a  m oving 
account of the great Canadian m an of science which 
should be bought for every juvenile lib rary  where 
English is read. T. H . H a w k in s

Survey of Askham Bog
B y Bootham  School. Pp. 75. (London : Bannisdale 
Press, 1946.) 8s. 6d.

IN  1879, three Bootham  School m asters, assisted by  
local naturalists, m ade a  thorough survey of 

Askham Bog, near York. Their report was published 
in a  magazine published for the  Society of Friends 
Schools called the  N atural History Journal. Recently 
th is  report was discovered by  Mr. Clifford Sm ith, the 
present biology m aster a t  Bootham , who had the 
happy  idea of m aking another survey of the  same 
area. The present report is a  record of th e  patien t 
team -w ork of n ine ty  Bootham  boys under Mr. 
S m ith ’s general direction.

The bog itself is a sm all piece of swam py ground 
abou t a mile and  a  quarte r in  to ta l length and a t  no 
po in t more th an  a  quarte r o f a  mile broad. Much of 
th e  bog rem ains m ore or less as i t  was when the  
original survey was w ritten  ; th is  adds greater signi
ficance to  th e  recent investigation. Independent 
surveys were m ade in to  the  geology, bo tany  and 
zoology of the  bog, and  these were brought together 
in  a  general ecological report and sum m ary. All these 
sections were recorded and  reported  by  th e  boys 
themselves.

The value of th e  report lies n o t so m uch in  the 
findings—although the  discovery th a t  th e  bog could 
n o t be fitted  into any of the  generally accepted 
ecological categories is o f intrinsic im portance—as in 
its  educational w orth. B y giving boys experience in 
accurate observation, by  teaching m ethodical record
ing of w hat they  had  seen, and by  quickening the 
desire for fu rther knowledge, th is  project has m ade 
a  useful contribution to  increasing the  ta len ts o f the 
individuals concerned and  to  the ir harmonious 
developm ent. I t  is notew orthy th a t  several of the 
participan ts have already passed beyond the  stage 
of being interested am ateurs in  na tu ra l history.

A Laboratory Manual of Qualitative Organic 
Analysis

B y D r. H . T. Openshaw. Pp. v iii+ 95 . (Cambridge : 
A t the  U niversity  Press, 1946.) 6s. net.

ALTHOUGH there are already m any books which 
deal w ith th is subject, i t  is usually only a  p a r t 

of th e  whole, and a  small volume devoted entirely to  
organic identification is a  welcome addition. This 
work is w ritten  for students, is based on th e  au th o r’s 
m any years teaching experience, and has been 
thoroughly tested  in practice. The first p a r t describes 
a  series of te s ts  for the  more characteristic groups 
commonly encountered in  organic compounds, bu t 
th e  larger p a rt deals w ith the final identification of an 
organic substance by th e  preparation of a suitable 
derivative, the  m elting point o f which (and mixed 
m elting point) can be determ ined : in  th is  p a rt d irec
tions are given for the preparation  of each derivative, 
and indications as to  which is likely to  prove suitable 
for the purpose in view in any particu lar case. Tables 
of m elting points of various derivatives of all the  
commoner organic compounds which m ight be m et 
by  th e  studen t are given, and  these are sufficiently 
com plete to  m ake them  of value to  research workers. 
The book can be confidently recommended to  all 
those studying or teaching organic chem istry.

F. B. K ipping

Practical Chemistry
F o r Medical S tudents. By W illiam Klyne. Pp. xvi +  
460. (Edinburgh : E . and S. Livingstone, L td ., 1946.) 
20s. net.

TH IS  volume is a  product of the  experience gained 
in teaching medical students in the University 

o f Edinburgh and deals w ith practical chem istry for 
such students from  A to  Z. General scientific m ethod 
is first discussed in a m anner which should go far to  
explaining to  th e  dullest student exactly why he is 
perform ing an  experim ent, and indeed why experi
m ents are ever perform ed. There follows a general 
account o f practical m ethods such as heating and 
cooling, production of reduced pressures, crysta l
lization, weighing, etc., in fact all those operations 
which m ust first be m astered by a student. The la ter 
p a rts  o f the  book deal w ith general and physical 
chem istry, inorganic chem istry and organic chem
istry  system atically, all trea ted  from  the point of 
view of th e  medical student. Throughout, g reat stress 
is laid on the  m ethods o f recording experim ental 
results and of note-taking—topics on which m ost 
students are lam entably ignorant. A ltogether the 
work seems to  accomplish w hat i t  sets out to  do in 
a very efficient m anner.

The Cathode Ray Oscillograph in Industry
B y D r. W. Wilson. Second edition revised. Pp. xii-f- 
244. (L ondon : Chapm an and H all, L td ., 1946.) 
18s. net.

T H IS  excellent technological book on the  indus
tria l applications of th e  cathode ray  oscillograph 

has been considerably enlarged in th is  second edition 
by  the  au thor, particularly  by th e  incorporation of 
new photographs, for one of which a  m agnification 
of 200,000 is claimed. The au thor excludes television 
tubes, b u t includes full descriptions of stra igh t and 
pum ped cathode ray  tubes and  varieties o f the 
electron microscope, all of which in  m any forms have 
proved them selves key tools in recent scientific p ro
gress in  industry . L. E . C. H ughes
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ORGANIC CHEMISTRY: PHYSICAL 
METHODS AND BIOLOGICAL 

RELATIONSHIPS*
By Sir ROBERT ROBINSON, Pres.R.S.

TH E  fu tu re  historian  of science will certain ly  
characterize th e  first ha lf of the  tw entieth  century 

as an age of unsurpassed progress of discovery in 
physics. H e will also no te the  crescendo in  the 
elaboration o f physical techniques and th e  decisive 
p a r t they  played in th e  dram atic developm ents o f the  
sister sciences. Exam ples are the  commonplaces of 
our scientific practice, and  could be culled from 
alm ost any  active region of investigation. T h a t 
alm ost self-evident fac t is well illu strated  by  the  
record of the  R oyal Society’s m edallists of 1946, 
and I  invite reflexion on th e  ex ten t to  which the ir 
distinguished experim ental contributions have been 
rendered possible by  'a quick appreciation of th e  
po tentialities o f new physical m ethods. The th e rm 
ionic valve, th e  photo-electric cell, high-vacuum  
technique, high-pressure technique, production and 
m anagem ent o f very low and  very  high tem peratures, 
X -rays, and  th e  use of isotopic and radioactive 
tracers, are  b u t a few of th e  tools which m odern 
physics has placed a t  our disposal.

The vastness of th e  sub ject is very  significant, and 
even if, as is necessary, I  confine m yself to  organic 
chem istry, only a  small p a r t of i t  can be m entioned.

The fo rty  years of m y own experience have seen a 
revolution in th e  m ethods of experim ent, and  u n 
questionably th e  g rea t waves of advance are clearly 
identified w ith  the  in troduction  of new techniques. 
The im provem ent of balances and  th e  pioneering 
work of Pregl brought in  m icroanalysis and, following 
in its wake, microchem ical m anipulation. I t  is safe 
to  say th a t  th is  has increased the  o u tp u t o f a given 
laboratory  m an-power by  a t  least 100 per cent b e 
cause of th e  saving of tim e and  energy expended 
previously on pure routine. B u t even m ore im portan t 
is the  fac t th a t  m icrochem istry has m ade possible 
th e  successful a t ta c k  of problem s, especially in  th e  
field of biochem istry, which could n o t even be 
a ttem p ted  th ir ty  years ago.

M any of the  m ore spectacular researches concerned 
substances of high biological ac tiv ity , and  a  v ita l 
p a r t was played by  the  co-operation of bo tan ists, 
zoologists, physiologists an d  bacteriologists. B u t 
equally necessary was the  help of physicists in the 
provision of m ethods of investigation of 1-2 mgm. of 
m aterial.

Among th e  m ore valuable of these new resources 
are u ltra-v io let and  infra-red spectroscopy and  X -ray  
crysta l analysis. The trium phs of the  la tte r  are well 
known, and  I  will only add  th a t  th e  last details o f 
th e  constitu tion  of penicillin were revealed by  the 
X -rays in  th e  hands of Crowfoot an d  Rogers a t  
Oxford and  B unn and  Turner-Jones a t  N orthw ich. 
The laborious F ourier analysis which th e  com plete 
m apping of electronic densities still dem ands will 
soon be carried ou t by  m achines, and  i t  is n o t a t  all 
im probable th a t  m olecular structu res will eventually  
be ascertained w ith  ease, an d  alm ost by  inspection. 
T hat will n o t close th e  organic chemical an d  b io 
chemical laboratories, b u t, on th e  contrary , will give 
im petus to  th e ir  w ork in m any fascinating directions.

* From  the presidential address to  the  R oyal Society delivered on 
November 30.

U ltra-vio let spectroscopy, once th e  concern of 
specialists, is now practised  universally  ; for m any  
purposes, however, th e  s tu d y  of infra-red absorption 
prom ises even g rea ter usefulness.

A lthough subject to  constitu tive influences, th e  
bands in  th e  infra-red are far less so th a n  those in 
th e  u ltra-v io let, an d  th e  m ethod  provides a  k ind  of 
elem entary analysis o f th e  sim pler groups contained 
in  th e  molecule. I t  has been used inter alia  to  follow 
th e  course of polym erization, for th e  analysis and 
characterization  of hydrocarbons, such as th e  isomeric 
octanes or butanes, an d  in  th e  everyday control of 
industria l processes.

W e were very  im pressed by, and  gratefu l for, a 
recent dem onstration  of th e  power of infra-red 
spectroscopic analysis. A crucial te s t was devised in 
order to  establish a deta il of th e  constitu tion  of 

, strychnine, an d  th e  outcom e depended on th e  u n 
equivocal identification of a  degradation product 
ob ta ined  in very  sm all q u an tity . Our own w ork 
indicated  th a t  i t  was carbazole m ixed w ith  one of 
th e  four C-methylcarbazoles, an d  probably  w ith  
3-methylcarbazole. B u t we could n o t be qu ite  certain . 
Mr. Pausacker m ade th e  four m ethylcarbazoles, of 
which one was new, and  Mr. R ichards k indly  studied 
th e ir  infra-red spectra. They were characteristic and  
differed also from  th a t  of carbazole. U sing only 
1-5 mgm. and  a novel technique, R ichards showed 
conclusively th a t  the  specimen was essentially 
carbazole containing abou t 10 per cent of 3-m ethyl
carbazole. The probable course of events recalls th e  
stages th rough which m ountains have been said to  
pass—an  inaccessible peak, an  in teresting  course for 
experts, an  easy day  for a  lady.

In  m any directions the re  have been no tab le 
advances in  th e  processes of purification and  analysis, 
b u t I  will m erely m ention in passing th e  so-called 
m olecular still, th e  ultra-centrifuge, polarography 
an d  electrophoresis.

I  would, however, like to  d irect a tten tio n  to  a  
recent series o f researches w hich foreshadow a  leap 
forw ard in  our knowledge of th e  proteins, again 
because of th e  in troduction  of a new technique. In  
doing th is , I  hope to  m ake some am ends for having 
recently  bem oaned in  ano ther place th e  relatively  
small con tribu tion  of B ritish  m en of science to  p ro 
te in  research. The equipm ent for those who venture 
to  follow th e  pioneers is n o t elaborate. I  gather th a t  
th e  chief requirem ents are a lead tray , an  earthen
w are drain-pipe and  a sheet o f paper.

A lthough th e  use of anim al charcoal for th e  re 
m oval o f coloured im purities from  solutions has a  
respectable an tiq u ity , and  th e  separation  of dyes in 
solution on filter paper has long been em ployed as a  
m ethod  of analysis, m odern chrom atography was 
in troduced by T sw ett fo rty  years ago. H e showed 
th a t  coloured substances are selectively adsorbed 
from  suitable solutions and  th a t  d istinct bands are 
form ed in a  vertical column when th e  solution of a 
m ix ture is poured in a t  th e  top  and  allowed to  fall 
th rough  th e  adsorbant. In  th is  w ay T sw ett showed 
th a t  leaf-green chlorophyll consists o f two substances, 
la te r  investigated  by  W illsta tte r and  Stoll.

The m any developm ents have included various 
devices for applying th e  m ethod  to  colourless su b 
stances. A coloured group m ay be added  to  th e  
molecule, th e  fluorescence of th e  bands m ay be 
observed instead of th e  colour, the  adsorbant m ay 
be pre-coated w ith  a fluorescent substance (Broek- 
m ann), or the column m ay be streaked  w ith  a reagent 
to  produce a visible effect.
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Chrom atography is now a s tan d ard  laboratory  p ro 

cedure, and  in  G reat B rita in  Sir Ian  H eilbron was 
the  first to  perceive its  advantages.

A nother well-known m ethod of separation  of sub 
stances depends on the ir p a rtitio n  between immiscible 
o r partia lly  immiscible solvents, and  an  apparatus 
for carrying ou t a  large num ber of successive p a r ti
tions has been devised by L. C. Craig a t  the  R ocke
feller In s titu te  for Medical Research.

A still m ore ingenious idea is th a t  of the  p artitio n  
chrom atography which A. J .  P . M artin  and  R . L. M. 
Synge (1941) worked ou t in  the laboratories o f the 
W ool Industries Research Association. I t  m akes use 
o f  a Tsw ett column b u t is based on the  principle 
o f partition  ra th e r th an  on th a t  o f adsorption. This 
distinction is evidently  valid  in reference to  the  phases 
concerned, b u t i t  is n o t so certain  th a t  the  two p ro 
cesses are no t basically sim ilar a t  the  m olecular level. 
As one example, particles o f silica gel can be im 
pregnated  w ith  a buffer solution on the  alkaline side 
and  placed in a column through which the  substances 
to  be separated, dissolved in a suitable immiscible 
solvent, are passed. The effect is obviously th a t  o f a 
large num ber of successive extractions, and  bands 
analogous to  those of a chrom atogram  are produced ; 
th e  order of the  bands from  top  to  bo ttom  will be 
one of decreasing acid ity  of the  com ponents o f the  
m ixture. Ceteris paribus, th e  m ost acid constituent, 
will be found in  the  top  layer. This technique has 
been found to  be well adapted  for the separation  of 
th e  penicillins on the  labora to ry  scale. In  1944, 
M artin, in collaboration w ith R . Consden and A. H . 
Gordon, m ade a fu rthe r step  forw ard by  th e  use of 
w ater-sa turated  cellulose as th e  sta tionary  phase and 
a mobile phase consisting of a solvent such as phenol 
or collidine, partia lly  miscible w ith  w ater. Gordon, 
M artin  and Synge h ad  already shown in 1943 th a t  
strips of filter paper could be used to  separate amino- 
acids, and the  la te r w ork is an  extension of th is 
observation for th e  same purpose. The developm ent 
m ay be one-dimensional or, preferably, tw o-dim en
sional, in  which procedure the  first solvent is removed 
by  drying and  a second solvent is allowed to  ascend 
th e  paper a t  r igh t angles to  the  d irection taken  by 
th e  first. A drop of p rotein  hydrolysate suffices, and 
its  constituen t am ino-acids become segregated in 
definite areas th e  position of which is dependent 
on the  n a tu re  of th e  am ino-acid and  th e  solvents 
used. The well-known colour reaction w ith  nin- 
hydrin  is used to  show up the  spots. Thus a rap id  
qualita tive analysis o f p ro tein  bausteine is achieved 
and, m oreover, th e  presence of a  new am ino-acid 
will be indicated  and  a rough idea of its con
s titu tio n  will perhaps be obtained. F urtherm ore, 
the  sim pler peptides are separated  and  by  subsequent 
hydrolysis and repartition  th e ir  am ino-acids can be 
recognized.

These researches will, I  believe, be recognized as 
th e  g reatest contribution  to  th e  s tudy  of th e  structu re  
of the  proteins m ade since th e  classical w ork of Em il 
Fischer.

How  the  m ethod can be used is well shown by an 
ou tstanding investigation of th e  m olecular structu re  
of gramicidin-S by  Consden, Gordon, M artin  and 
Synge (1946). A  p artia l hydrolysate was fractionated  
on two-dimensional paper chrom atogram s. The loca
tion  of dipeptides and  tripep tides having been 
determ ined, these were taken  from  a duplicate paper, 
hydrolysed, bo th  before and  a fte r deam ination, and 
th e  am ino-acids identified by  m eans of fu rthe r 
chrom atogram s. The d ipeptides so recognized were

synthesized, and  th e ir  behaviour on partition  paper 
chrom atography was found to  be identical w ith  th a t  
of the  respective constituen ts of the  partia l hydrolys
a te . The m ethod of ionophoresis was also used and 
the  findings were consistent. F rom  the  chain AB O D E , 
A B , BC, CD, D E , A B C  and  D E A  were obtained and 
identified.

Hence, n o t only is the  order of the  five amino- 
acids established b u t also it is rendered very  probable 
th a t  th e  substance is a cyclic polypeptide. The 
crystallographic results of Crowfoot and  Schm idt are 
com patible w ith  th e  hypothesis th a t the  ring contains 
ten  am ino-acid groups.

A t th e  Liverpool m eeting of the B ritish Association 
for the  Advancem ent o f Science (Section B, 1923) I  
m ooted th e  idea th a t  m any high m olecular w eight 
substances of repeating  p a tte rn  type should be re 
garded as m am m oth rings, basing th is  speculation 
m ainly  on th e  absence of end-groups required on the  
open-chain hypothesis. A cyclic decapeptide would 
include a ring of th ir ty  members.

I  will now refer to  a  subject pursued in m y own 
laboratory  in  collaboration w ith  biologists, nam ely, 
D r. C. E . Coulthard, of th e  Research D epartm ent of 
Boots P ure  D rug Company, L td ., and  D r. J .  U ngar, 
of Glaxo Laboratories, L td .

The tubercle bacilli are characterized by  the 
possession of a w axy envelope which has often been 
considered to  confer some degree of im m unity against 
the  a tta c k  of chem otherapeutic agents. Consequently, 
i t  has been sought to  endow the  la tte r  w ith  fa t- 
soluble groups in  th e  hope of penetrating  th e  su p 
posed pro tective covering. A ctually, i t  m ay  be 
doubted w hether th is  scheme, which has brought 
little  success, is based on a sound conception, for it 
m ay be argued th a t  all th a t  could be achieved would 
be th e  establishm ent of a reservoir of th e  agent in 
th e  lip ins. On these lines it  would seem necessary 
to  link th e  fa tty  p a r t of th e  molecule to  th e  w ater- 
soluble p a rt, which it is hoped will a tta c k  the  organ
ism, by  a readily  hydrolysable linkage. Several 
varia tions of th is  them e can be envisaged. Be th is  
as i t  m ay, i t  is obvious th a t  th e  chemical n a tu re  of 
th e  lipins o f the  bacteria deserve close a tten tion , and  
th e  first chem ist to  a tta c k  the  problem , and w ith  im 
p o rtan t results, was R . J .  Anderson (1929 and  later). 
The fa tty  acids obtained by  hydrolysis of the  waxes 
from  th e  bacterial bodies were fractionated, and one 
of them , tuberculostearic acid, was found by  Spiel- 
m an, a  colleague of Anderson, to  be 10-methylstearic 
acid.

Im p o rtan t constituents of the  m ix ture were acids 
of th e  formuke C2,H 620 2 and  C30H 6l)O2 ; th e  form er, 
term ed phthioic acid, has been the  m ore closely 
studied. Anderson was of th e  opinion th a t  i t  was a 
branched-chain acid sim ilar in constitu tion  to  tu b e r
culostearic a c id ; b u t the  evidence garnered by  him  
and  his collaborators and  by  W agner-Jauregg was 
insufficient to  establish the  details.

E . Stenhagen and S. Stallberg then  stud ied  th e  
behaviour of phthioic acid in monomolecular films 
and  also th e  X -ray  reflexions from  barium  phth ioate . 
They came to  the  conclusion th a t  the  acid is ethyl- 
decyldodecylacetic acid, or som ething very  sim ilar, 
b u t th e  synthesis o f th is  substance by  N. Polgar 
showed th a t  th is  was an  error p robably  due to ' the  
unusual degree of t i l t  of the  molecules.

I  will n o t burden you w ith  th e  organic chemical 
details of Polgar’s fu rthe r w o rk ; b u t combined 
analytic and  synthetic a ttac k  of the  degradation
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products m ade it  very  probable th a t  ph th io ic acid 
is 3 : 13 : 19-trim ethyltricosanoic acid, a stra ig h t 
chain of tw enty-three carbon atom s w ith  th ree 
m ethyl branches. P h th io ic acid is feebly optically  
active, b u t the  optically  inactive, syn thetic  3 : 13 : 19- 
trim ethyltricosanoic acid closely resembles phthioic 
acid in respect of its  physical properties, including 
th e  behaviour o f m onom olecular films on w ater, and 
in th e  m elting-points of its  derivatives. W e thus 
retu rned  to  th e  original general hypothesis of A nder
son.

I t  has been know n for some years th a t  ph thio ic 
acid possesses toxic p roperties (F. Sabin, o f the  
Rockefeller In s titu te  for M edical R esearch, New 
York, and  others) and  th a t  i t  produces lesions when 
su itab ly  injected into experim ental anim als, for

site  s tru c tu ra l features. A  w orking hypothesis is 
th a t  the  m ethy l groups block [3-oxidation, and some 
relation  to  physiologically active unsa tu ra ted  sub 
stances m ay well be brought to  ligh t in  the  
fu ture .

An extrem ely in teresting  discovery, quite unrelated  
to  th is  w ork in  its  origin, has been announced by 
R . P . Cook from  th e  B iochem istry L aboratory , 
U niversity  of Cambridge. H e has obtained an acid, or 
a  m ix ture of acids, C26H 60O2, by feeding cholesterol to  
ra ts . This is very  suggestive of an  extraord inary  
process of unw inding of th e  te tracyclic  nucleus of the 
sterino id  by breaks a t  th e  po in ts where th e  rings are 
fused, and  also a t  some peripheral po in t, and  in the 
side-chain. F or exam ple, one possible degradation  is 
illu stra ted  below :

example, th e  guinea pig. B u t the  observations of 
C oulthard an d  U ngar are new in th a t  th ey  have 
been able to  reproduce, by  a  single in traperitoneal 
injection of syn thetic  acids of known constitu tion , 
a pathological p ic ture which is alm ost identical w ith 
th a t  o f tuberculosis, in respect of th e  particu lar 
m anifestations observed. There is no doubt w hatever 
of the  rea lity  of the  phenom enon, and it  is highly 
significant.

The s tudy  of a range of syn thetic  branched long- 
chain fa tty  acids from  th is  po in t of view is in  its 
infancy, b u t th e  following results can be cited. 
The acids have been synthesized by  N . Polgar, p artly  
w ith  th e  collaboration of S. D avid  and  E . Seijo.
3 : 12 : 15-Trimethyldoeosanoic acid is even more 
active th a n  phthioic acid, or synthetical 3 : 13 : 19- 
tricosanoic acid, which are equal w ithin th e  lim its of 
the  m ethod. On th e  other hand, 2 : 13 : 17 : 21-tetra- 
methyldocosanoic acid is inactive. 13 : 17 : 21- 
Tricosanoic acid is inactive, and so is 2 : 13-dimethyl - 
pentacosanoic acid. 13 : 16-Tricosanoic acid is 
active, b u t i t  was suspected th a t  the  specimen con
ta ined  a  3-m ethyl-substituted im purity . A purified 
specimen exhibited greatly  diminished activ ity .
4 : 13 : 16-Tricosanoic acid is very  active, and though 
here again th e  presence of some 3-m ethyl substituen t 
is n o t excluded, the  ac tiv ity  is such th a t  i t  can 
scarcely be due to  an  im purity . 3 : 13 : 19-A13;19- 
Tricosadienic acid is active b u t less so th an  the  
related  sa tu ra ted  substance. I t  is probable th a t  the 
specimen contains several geom etrical isomerides. 
The syntheses are very  laborious and  th e  biological 
tests  are prolonged, so th a t  progress is necessarily 
slow.

A t present i t  looks as if  a  m ethyl substituen t in 
th e  3- or 4-position is necessary. The biological 
p roperty  is evidently  highly constitu tive, b u t i t  is 
too early to  a ttem p t an  identification of all the  requi-

W e are unable to  equate th e  constitu tion  of any 
substance th a t  could be obtained in th is  w ay w ith  
th a t  of phthio ic acid, b u t such a d irect rela tion  was 
scarcely to  be an ticipated . I f  Cook’s acid is really  
derived from  th e  cholesterol molecule by some tra n s 
form ation, i t  m ust be a  branched-chain acid, and  the  
determ ination  of its  s truc tu re  is a m ost u rgent p ro 
blem, the  solution of which m ust surely shed some 
ligh t on an  aspect of th e  b iochem istry of phthioic 
acid.

The tem p ta tion  to  carry  speculation a little  fu rther 
cannot be resisted. In  1926, Prof. L. R uzicka elucid
a ted  the  constitu tion  of civetone, th e  odoriferous 
principle o f th e  civet ca t, and  m ade th e  dram atic 
discovery of the  existence of large carbocyclic rings 
in  N ature . H e also no ted  th e  s tru c tu ra l relation  
of civetone w ith  oleic acid. Since the  ketone has one 
less carbon atom  th a n  th e  acid and  the  la tte r  is widely 
d istribu ted , th e  degradation of oleic acid to  civetone 
is m ore probable th a n  th e  reverse synthesis. I t  m ay 
be suggested th a t  oleic acid suffers u -oxidation , a 
biochemical process to  which Verkade has paid  
a tten tion , and  th a t  th is  is followed by a  fam iliar 
ketonization.

/(CHjJj.CHj / (CH2)7.C 02H
CH CH
II -  II

CH CH
\ c h 2),.c o 2h  \ ( C H 2),.C 0 2H

Oleic acid

B u t analogy then  leads us to  assume a sim ilar m echan
ism  for muscone from  the  m usk-rat, which was also 
studied  by Ruzicka. W e find th a t  its progenitor- 
should be a  3-m ethylpaIm itic acid,

Civetone
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(C H .V C H ,

CHMe.CHj.COjH

(CH2)],.C02H  (CH2)12— CO

i)HM e.CH2.C02H  C IIM e— CH2

3-Methylpalmitic acid Muscone

ADAPTATION OF STAPHYLOCOCCUS 
AUREUS TO GROWTH IN THE 

PRESENCE OF CERTAIN 
ANTIBIOTICS

The occurrence of the  3-m ethyl-substituent is in te r
esting in  relation to  phthioic acid. F u rth e r, Prof. 
H ans T. Clarke and  his collaborators a t  Columbia 
U niversity , New York, have shown by  th e  use of 
C13 th a t  the  fa tty  acids are produced in th e  organism 
from  acetic acid only. In  parenthesis, th is is a rem ark
able experim ental justification of J .  N . Collie’s specu
lations on the  role of keto-m ethylene chains in 
biosynthesis. An additional molecule of acetic acid 
could be used to  introduce m ethyl substituen ts by  
th e  m echan ism :

R.CO.H +  CH3C 02H  R.C0.CH2.C 02H ->  _R.CO.CH., 

R.CO.CH3 +  CH2.C02H R.CH M e.CH a.CO ijH

3 : 13 : 19-Tricosanoic acid is n o t a  possible product 
of th is  scheme of biosynthesis. I t  would therefore 
n o t be surprising to  find th a t  phthio ic acid, as a t 
present known, is a m ix ture of a trim ethyldocosanoic 
acid and a trim ethyltetracosanoic acid. On th is 
hypothesis the  chain should in any  event be even- 
num bered and th e  m ethyl groups can only be a ttached  
to  the  odd-numbered carbon atom s. The constitu tion  
proposed for tuberculostearic acid conforms to  the 
first condition, b u t n o t to  the  second. I t  could, 
however, be 9-methylstearic acid, if  oxidation occurs 
a t  carbon atom s 9 and 10 and is accom panied by  a 
pinacol-pinacolone m igration. A lternative views to  
th a t  already m entioned involve th e  intervention of 
molecules o f propionic acid or form aldehyde (or an 
equivalent) in  order to  provide the  m ethyl su b stitu 
ents. These, however, fix th e  m ethyls on even- 
num bered carbon atom s and, though tuberculostearic 
acid then  falls into line, they  are a t  variance w ith  our 
own deductions in  regard to  the  constitu tion  of 
phthioic acid.

Following th e  clue afforded by chaulmoogric and 
hydnocarpic acids in  the  trea tm en t o f leprosy, Roger 
Adams prepared a range of substitu ted  fa tty  acids, 
some of which had  considerable action  on B. leprae 
(or possibly an  analogous organism) in  vitro. The 
irrita tin g  action of these substances precluded then- 
use in practice.

Our first efforts in  the  field of tubercle fa tty  acids 
had  a sim ilar objective, b u t we have now abandoned 
the  idea of a  fron ta l a tta c k  on the  organism in favour 
of an  a ttem p t to  alleviate the  sym ptom s of the 
disease. I f  th is  can be achieved by  an  im m unity  
m ethod it  is probable th a t  th e  body resistance will 
be strengthened. T hat investigation  has no t gone 
beyond the  planning stage, b u t we are glad to  know 
th a t  it will be in the  capable hands of Prof. M. Stacey 
a t  th e  U niversity  of B irm ingham .

There are indications th a t  the  pathological role of 
abnorm al lipins m ay no t be confined to  tuberculosis. 
Thus N ovak and Grey (1938) found tuberculous tissue, 
w ith  lesions, associated w ith  granulosa cell tum ours, 
and  suggests th a t  these effects were due to  lipins 
produced by the  m alignant growths. These observa
tions have very  recently  been confirmed and  extended 
in  th e  U nited  S tates.

By Dr. E. P. ABRAHAM, D. CALLOW  
and K. GILL1VER

Sir W illiam  Dunn School of Pathology, Oxford

IT has been noticed th a t  certain  antibiotics, when 
tested  against Staphylococcus aureus (H  strain , 

N.C.T.C. No. 6571) by the  cylinder-plate m ethod1, 
give zones of inhibition which have clear edges, b u t 
which contain, scattered  through them , small num bers 
of isolated colonies of Staphylococci (Fig. 1). Among 
th e  first antibiotics found to  show th is phenomenon 
was one obtained from  an  organism of the  subtilis 
group (N.C.T.C. No. 7197) isolated from  the soil a t  
Oxford (referred to  here as S) and one which Chain 
and  Callow2 discovered in ex tracts of Polystictus 
versicolor and  have nam ed polystictin (referred to  
here as P). B oth  are water-soluble substances which 
are no t ex tracted  a t  any pH  by common organic 
solvents and which have only been partially  purified. 
They do no t appear to  be identical w ith  any  of the 
antibiotics described in the literature.

The form ation of isolated colonies in  the presence 
of S  and P  involved two modifications of the  Staphyl
ococcus which were clearly distinct. This is shown 
in the  th ree p lates which are illustrated. P la te  1 
(Fig. 1) was seeded w ith the  norm al strain  of 
Staphylococcus. P late  2 (Fig. 2) was seeded w ith  a 
strain  derived from  the norm al strain  by picking off 
a  colony from  inside the  inhibition zone caused by 
P  on p la te  1. W hen tested  on p la te  2, P  was ap p a r
ently  inactive, whereas S  produced a zone of inhibition 
sim ilar to  th a t  which it  gave on p la te  1. Similarly, 
by  sta rting  w ith  a  colony from w ithin the  inhibition 
zone caused by  S  on p la te  1, a p la te  could be p re 
pared on which P  produced a  norm al zone of inhibi
tion  b u t S  gave no inhibition. Lastly, by  picking

Fig. 1. Seeded  w ith  normal Staphylococcus strain 
T op : Helvolic acid (1 in 5,000). Bottom  l e f t : S  (1 in 2,000). 

Bottom  r ig h t : P  (1 in 200)
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Pig. 2. Seeded  w ith  Staphylococcus derived  erosi a colony 
RESISTANT TO P  ON PLATE 1

T o p : Helvolic acid (1 in 5,000). Bottom  l e f t : S  (1 in 2,000).
Bottom  r ig h t : P  (1 in 200)

off a colony from  inside the  inhibition zone produced 
by S  on a  p la te  seeded w ith  Staphylococci insensitive 
to  P , or by  P  on a p la te  seeded w ith  Staphylococci 
insensitive to  S , organism s were obtained which were 
insensitive to  bo th  S  and P  (Plate 3, Fig. 3). These 
insensitive strains of Staphylococci could be kep t on 
agar slopes, or subcultured several tim es in  a  h eart 
ex tract medium, w ithout undergoing any noticeable 
reversion.

In  view of the  large num ber of antibiotics— in 
m any cases still in an  im pure condition—which are 
being described in th e  literature , m ethods of d is
tinguishing between these substances a t  an  early 
stage of the investigations are of interest. S tansly3 
suggested th a t strains o f organisms tra ined  specifically 
to  grow in the presence of different antib io tics could 
be used for th is  purpose. The procedure described 
here w ith  P  and  S  shows beyond doubt, in  a  very 
simple m anner, th a t  these two substances are differ
ent. I t  rem ains to  be seen, however, how far the 
procedure can be extended to  distinguish between 
other substances which give inhibition zones con
taining resis tan t colonies ; the  results o f a ttem p ts  to  
use the  m ethod to  differentiate between antibiotics 
produced by certain  m em bers of th e  subtilis group 
have n o t so far been encouraging. One general 
lim itation of the  m ethod is due to  the  fact th a t  i t  is 
no t known how far the  resistance developed by  an 
organism against a given an tibacteria l substance is 
specific. Organisms m ade resistan t to  one penicillin, 
for example, are found to  have become resis tan t to  
other penicillins4.

The m ajority  of antibiotics investigated h itherto  
do no t produce inhibition zones containing isolated 
resistan t colonies on staphylococcal p lates. Thus 
helvolic acid produces clear zones of inhibition on a 
plate seeded w ith  the  Staphylococcus even though the 
organism can be trained  to  grow well in  the  presence 
of th is substance5. Staphylococci m ade resistan t to 
P  or S , or to  bo th  substances, showed a norm al 
sensitivity  in  the cylinder-plate te s t to  helvolic acid 
(Figs. 2 and 3). B y seeding a p la te  w ith  Staphylococci

trained  to  grow in the presence of helvolic acid 
(1 in 20,000) in  liquid medium, and then  picking off 
resistant colonies form ed inside th e  inhibition zones 
produced by  P  and  S , a  culture was obtained which 
showed resistance, when used in the  cylinder- 
p la te  te s t, to  all th ree substances, though its 
resistance to  helvolic acid was reduced during the 
procedure.

In  the  case of S  and helvolic acid it  was shown by 
m easurem ents o f the  ac tiv ity  of these substances 
before and afte r cultures had  grown in th e ir  presence 
th a t  the resistan t strains of Staphylococci d id  no t in 
activate the  antibiotics in  the  medium.

The difference in  the  n a tu re  of th e  inhibition zones 
produced by  P  or S  from  th a t  produced by  helvolic 
acid was reflected in  the  different types of growth 
curves shown by the  Staphylococcus in  the  presence 
of these substances in  liquid  m edia. F ig. 4 shows 
grow th in  norm al h ea rt b ro th  (pH 7-3) and  in  heart 
b ro th  containing S  (1 in  15,000), from  an  inoculum 
of 50 X 106 Staphylococci per ml. In  the  presence 
of the antibiotic the cells were a t  first killed rapidly 
and approxim ately logarithm ically (mean survival 
tim e about 30 m inutes). A fter 4 hours, when 
the  num ber of viable cells per ml. had  fallen to 
0-70 X 10°, th e  survivors began to  m ultip ly  a t  a 
ra te  which soon reached th a t  o f a  norm al culture in 
the  logarithm ic phase, having a m ean generation 
tim e (m.g.t.) of 28 m inutes. These changes were 
accom panied by  an  in itial decrease and  subsequent 
increase in  the to ta l num ber of organisms, b u t lysis 
only reached its  m axim um  afte r m ore th a n  6 hours 
and was clearly a  secondary process superim posed on 
th a t  causing th e  death  of the  cells. The final ‘s ta tio n 
ary  population’ a tta in ed  in  th e  presence of S  was 
m uch smaller, however, th a n  th a t  reached by the 
control culture. I t  appeared from  th is  curve (Fig. 4) 
th a t  when S  was tested  by  th e  cylinder-plate m ethod 
m ost o f the  organisms w ithin the  inhibition zone 
were killed, b u t a  small proportion survived and grew 
rap id ly  in th e  presence of th e  antibiotic, leading to  
th e  appearance of isolated resistan t colonies.

Fig. 3. Seeded  w ith  Staphylococcus derived  from colony
RESISTANT TO S  ON PLATE 2

Top : Helvolic acid (1 in 5,000). Bottom  l e f t : S  (1 in 2,000). 
Bottom  r ig h t : P  (1 in  200)
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3?ig. 4. Growth of Staphylococcus aureus in  the  presence of S
(1 in 15,000). (1) Control culture ; (2) total cells in  the
PRESENCE OF S  ; (3) VIABLE CELLS IN THE PRESENCE OF S

Fig. 5 illustrates the rem arkable facility  w ith  which 
the  Staphylococcus becam e resis tan t to  helvolic acid 
(1 in  200,000) in  h eart b ro th  (pH 7-3). The inoculum 
was 6 X 106 cells per ml. F or nearly  twelve hours 
grow th was very slow, the  m .g.t. being 260 m inutes. 
A transition  then  occurred to  a m uch faster ra te  
o f grow th in  which the  m .g.t. fell to  57 m inutes 
before the  s ta tionary  population was approached. 
W hen cells from  th is culture were used to  inoculate 
fresh m edium  containing the  same concentration of 
helvolic acid there was rap id  grow th (m.g.t. 30 
m inutes) afte r a short lag period of 70 m inutes. 
Thus afte r less th a n  seven divisions th e  Staphylococci 
were able to  grow alm ost as well in  the  presence of 
th is  concentration of helvolic acid as in  norm al 
medium. Their capacity  to  do th is  was n o t lowered 
significantly by th ree subcultures in norm al medium. 
Cells which had grown in the presence of 1 in  200,000 
helvolic acid were then  able to  grow readily  in  1 in 
20,000 helvolic acid (lag 70 m inutes, m .g.t. 53 
m inutes). Curves qualita tively  sim ilar to  those given 
by helvolic acid have been obtained by  growing 
bacteria in  th e  presence of o ther an tibacteria l 
substances6-7.

Fig. 5. Adaptation of Staphylococcus aureus to growth in  the 
PRESENCE OF HELVOLIC ACID (1 IN 200,000). (1) CONTROL
CULTURE ; (2) PRIMARY CULTURE IN HELVOLIC ACID ; (3) SUB

CULTURE FROM (2) IN HELVOLIC ACID

E ven a t  a  concentration of 1 in  10,000, helvolic acid 
had  no bactericidal effect, a t  least for several hours, 
on the  Staphylococcus8 (H  strain). I ts  predom inantly  
bacteriostatic action was in harm ony w ith the  fact 
th a t  i t  produced clear inhibition zones in th e  cylinder- 
p la te  test.

I t  m ay be rem arked th a t  in th e  presence of certain  
concentrations of penicillin th e  growth-curve of the 
Staphylococcus in liquid m edium 9 is sim ilar to  the  
curve obtained in  th e  presence of S  (Fig. 4). N ever
theless, penicillin gives clear inhibition zones on 
plates. The proportion of organisms which survive 
and  m ultip ly  when Staphylococci are first brought into 
contact w ith  suboptim al am ounts of penicillin, 
however, varies very rapidly w ith changes in the 
concentration of the  drug10 : the p a r t o f th e  inhibi
tion  zone in  which isolated colonies could develop 
m ight thus, in  th is case, be too small for the  pheno
menon to  be apparen t. E riksen11 found th a t  when 
plates were seeded w ith  Staphylococci which had been 
previously subcultured in  the presence of penicillin 
in  liquid m edium  m any resistant colonies developed 
inside the zones of inhibition.

The question arises w hether the  strains o f Staphylo
cocci resistan t to  P , S  or helvolic acid were derived 
m erely by a process o f na tu ra l selection from  a 
bacterial population which was initially  hetero 
geneous, o r w hether they  were produced because 
staphylococcal cells could adap t themselves very 
rapidly  to  grow in the  presence of concentrations of 
these antibiotics to  which they  were norm ally 
sensitive.

The sim plest hypothesis which m ight have been 
p u t forw ard to  account fo r the  developm ent o f 
resistan t strains in  term s of natu ra l selection was th a t 
the  original H  s tra in  contained small am ounts o f a  
num ber of substrains, each of which was stable and 
was resistan t to  a  given antibiotic. This hypothesis 
had  two consequences, however, which m ade it 
untenable. F irs t, i t  required th a t  the  emergence by 
na tu ra l selection of a substra in  resistan t to  one of 
the  antib io tics should have been accom panied by the  
recession and eventual elim ination of other resistan t 
substrains. In  fact, a  strain  of Staphylococci resistan t 
to  P  produced cells resis tan t to  S  as readily as did 
the  original H  strain . Secondly, it required a  culture 
derived from  a  single cell of the H  s tra in  to  have 
comprised cells which were all sensitive, o r all 
resistan t, to  a given antibiotic. Experim ent showed 
th a t  the  inhibition zones produced by  P  or S  on 
twelve p lates seeded w ith  cultures derived from  
different single colonies o f Staphylococci (obtained by 
p la ting  out a  culture of the H  s tra in  which contained, 
for the m ost p a rt, discrete cells) were all very sim ilar, 
each having about the  same diam eter and  containing 
approxim ately the  same num ber of resistant colonies. 
Even if  all the single colonies had n o t been derived 
from  single cells the  probability  th a t some o f them  
would have contained only ‘sensitive’ cells, had  these 
been present in  the  original culture, is very  large. 
Similarly, th e  sensitivity  o f the  Staphylococcus to  
helvolic acid in liquid medium  was no t changed by 
using cultures derived from  single colonies. These 
difficulties could have been p artly  circum vented by  
supposing th a t  th e  H  strain , even when grown in 
norm al medium, was continually producing ‘varian ts’ 
which were resis tan t to  one or other o f the  a n ti
biotics, so th a t  a  single cell gave rise to  a  hetero
geneous population. Lewis12 considered th a t  th is 
was the  m anner in  which B ad . coli mutabile acquired 
th e  capacity  to  ferm ent lactose, and Demerec10
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thought i t  was the  way in  which th e  Staphylococcus 
became resistan t to  penicillin. In  the  present case, 
however, such an  explanation was n o t readily 
acceptable. Unless th e  varian ts were unstable, or 
divided m ore slowly th an  the norm al cells, th e ir  p ro 
portion would continuously increase during the 
growth of norm al cultures, since new varian ts would 
be formed bo th  from  norm al cells and by division of 
the varian ts themselves. In  fact, the  strains of 
Staphylococci resistan t to  P , S  or helvolic acid showed 
no tendency, a t  least in pure culture, to  undergo a 
rapid reversion, nor d id  the ir grow th-rates appear to  
differ significantly from  th a t o f the original H  s train  ; 
b u t nevertheless they  were obtained ju s t as readily 
from samples of the H  s tra in  which were derived by 
one subculture from  a single colony as from  a 
sample which had  passed through a num ber of 
subcultures.

These considerations indicate th a t  the  development 
o f resistance by  the H  Staphylococcus to  P , S , or 
helvolic acid is no t easily explained by a  theory  based 
exclusively on n a tu ra l selection. On the  evidence 
available a  m ore satisfying hypothesis is th a t  the 
process is caused initially  by  a  specific modification 
of staphylococcal cells which is induced by the  a n ti
biotic concerned ; although, once any such modified 
cells have been formed, na tu ra l selection m ay 
obviously accelerate the emergence of a resistan t 
strain.
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EDUCATION IN THE BRITISH 
ARMY*

By Major-General CYRIL LLOYD, C.B.E., T.D. 
Director of Army Education

III : Education in the Post-War Army

TH E  years between th e  tw o W orld W ars were 
notable for two distinct phases which are im 

po rtan t to  remember. F irs t there was the  apa thy  in 
low places and the  frequent opposition in  high ones 
which m et the  newly form ed A rm y E ducational 
Corps as i t  faced its  new task . Second was the 
change of a ttitu d e  on the  p a rt o f officers and  men 
as th e  grinding, hard  and  courageous work of those 
early years began to  show its effect. The earlier 
trickle of m en coming forward for higher education 
in  the ir leisure tim e became a  steady stream  in the  
late ’twenties, and  by th e  tim e w ar broke out i t  was 
in some places becoming a flood which could be con
tained only w ith  difficulty. No less im portan t was

* Continued from page 780.

the  change in  the  a ttitu d e  of senior officers ; opposi
tion  changed into co-operation, in terest and, in  some 
cases, real enthusiasm . As horse and foot were 
replaced by th e  m achine, th e  trad itional conception 
of the  still-tongued, non-thinking b u t superbly 
disciplined soldier gave place to  a  new ideal : the 
m an who would th ink , n o t a t  th e  ra te  of the  m oving 
horse, b u t a t  th e  speed of th e  m otor-vehicle which 
was rapidly superseding i t ; a  m an who would 
observe discipline n o t from  fear of punishm ent, b u t 
because of a  real understanding of its  efficacy. This 
was real p rogress; b u t i t  was still ham pered by the 
shackles o f an  elaborate an d  extensive exam ination 
system  which lim ited th e  horizon and absorbed, in 
groat quantities, tim e and energy which could have 
been far more profitably employed.

W ith  th e  ou tbreak of w ar in  1939 all official 
educational w ork ceased for a  tim e, b u t i t  soon came 
to  be realized th a t,  in  to ta l war, care of the  soldier’s 
m ind is no less im portan t th a n  care of his body and 
soul : m orale m ust be bu ilt up , war-weariness and 
boredom m ust be elim inated, m ental stagnation  m ust 
be replaced by m ental alertness ; knowledge m ust 
m ake th e  soldier th e  full m an. The scheme which 
sought to  achieve all these ends brought to  arm y 
education th e  rich experience of free adventure in  an 
unlim ited field. Instead  of try ing  to  entice the  
soldier into his academic parlour, th e  teacher was 
forced to  go forth  and m ould his knowledge and 
culture to  the  lives of m en who in  peace-tim e m ake 
machines, build houses, drive tra in s an d  dig coal, 
and in so doing his gains have been great.

N ot th e  least of the  advantages which accrued was 
the  bridging of the  gulf which had  too long separated  
m ilitary  from  civilian educational adm inistrators, and 
th e  release period scheme has provided opportunities 
for an  extension of th is  advantage : th e  close contact 
and collaboration between th e  W ar Office a n d  the  
M inistry of E ducation  is being repeated a t  lower 
levels by  liaison between H is M ajesty’s inspectors 
and  command and d istric t education officers in the 
field bo th  a t  hom e and  overseas.

The continuation of com pulsory service is im port
an t, because it  introduces considerations which would 
no t exist were we concerned only w ith  th e  long-service 
professional soldier. I t  will, for example, be im portant 
to  m ake th e  m ilitia-m an understand w hy he is com 
pelled to  become a soldier : i t  will be equally im 
po rtan t to  prepare him  for those civic responsibilities 
to  which he will re tu rn  a t  th e  end of his m ilitia service.

A t a  tim e when, under the  E ducation  A ct o f 1944, 
educational opportunities in  th e  civil field will be 
progressively expanding, the  soldier, be he profes
sional or m ilitia-m an, will have th e  righ t to  dem and 
sim ilar opportunities w ith in  th e  Service. Education  
is a national and  n o t a sectional privilege, and it 
should be a  continuous process unbroken by  the  
accident of com pulsory or even of vo lun tary  service. 
I f  th is be accepted, we m ust accept also th e  need for 
a continuing close liaison between th e  W ar Office and 
the M inistry of E ducation , for how else can continuity  
of purpose be achieved ? Moreover, th e  circumstances 
of Service life m ake the  Arm y an  adm irable ground 
for controlled experim ents which m ight be less easy 
to  conduct in th e  freer field o f civilian adu lt education.

I t  will be im portan t to  m ake the  m ilitia-m an 
realize th a t  he is an  essential p a r t  o f the  Arm y : 
th is means th a t  there m ust be no discrim ination 
in un its where m ilitia-m en and professionals serve 
side by side, for there is only one B ritish  Arm y 
and all who share its  service share its honour. All
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the same, it provides an  obvious problem  for those 
who plan the  details of organisation and  syllabus.

Perhaps the  greatest advance m ade in  arm y 
education during the  w ar years has been the  recogni
tion  of the  soldier’s righ t and need to  develop the 
personal side of his life. Sir Ronald Adam  will be 
long remembered for his successful efforts to  provide 
for th e  soldier wide opportunities to  develop cultural 
interests, hobbies an d  non-vocational craftsm anship. 
I t  is idle to  suppose th a t  the  Arm y will readily 
relinquish w hat i t  has learnt to  appreciate. More
over, i t  m ust be remembered th a t  th e  bulk of the 
Arm y will be, n o t a t  home, b u t abroad where am enities 
are fewer, where boredom is the  b itte r  enem y of 
morale and where th e  homeliness of contact w ith  the 
civil population is a  blessing rarely enjoyed.

W e can therefore now proceed to  a  broad class
ification of th e  needs of th e  post-w ar B ritish  
soldier. F irs t there is the  continuation  of general 
education, which m ust include curren t affairs and 
citizenship, and, for those who need it, basic education 
of th e  m ost elem entary type. Second comes p ro 
fessional education, the  im portance of which lies in 
its po ten tia l influence on our national efficiency and 
prosperity, and herein there m ust th is tim e be no over
looking the  claims of the  long-service soldier. F inally  
there is education for a  richer life through apprecia
tion  of the arts, skill a t  handicrafts and  an  ab ility  to  
derive pleasure in the  wide fields of scholarship and 
culture.

An exam ination of the  factors of th e  problem 
would be incomplete w ithout consideration of the 
problems of staff requirem ents, which will be in 
escapably large because of the  varie ty  of the  provision 
required for num bers which for m any years to  come 
will be very great. Certainly a  larger A rm y E duca
tional Corps th a n  before the  W ar will be required, 
and th is m eans im provem ent in prospects of pay 
and  prom otion sufficient to  a ttra c t the  righ t type of 
m an in  adequate num bers. I t  would, however, be 
idle to  hope to  get through the  financial and  m an
power lim itations any plan for staffing the  entire plan 
w ith fully qualified, and therefore expensive, teachers. 
There should, however, be no dearth  of po ten tia l 
ta len t in  the  ranks of th e  Army. R ecent im prove
m ents in pay  will, it is hoped, a ttra c t into th e  Arm y 
men of higher educational attainm ent, and, com 
pulsory service having been approved, the  m ilitia 
should provide a  good leavening of prospective 
teachers and  others suitable for educational work of 
all kinds.

I t  is obvious th a t  a full picture cannot be painted 
while so m any essential m ilitary  details have ye t to  
be decided; b u t i t  is possible to  begin to  develop the 
broad outlines to  which form  and  colour will be 
added in  due course.

In  order th a t the  close association w ith civil adu lt 
education in w ar-tim e m ay be continued and 
strengthened in  peace-time, th e  Secretary of S tate 
for W ar has set up  an  Arm y E ducation  Advisory 
Board. This Board is composed of persons in  civil 
life w ith  educational qualifications and experi
ence, and of representatives of th e  Ministries of 
E ducation  and of Labour and N ational Service and 
of the Scottish E ducation  D epartm ent. I t  is the 
responsibility of th e  B oard to  keep under review 
the  educational policy of the  Arm y and to  advise the 
Secretary of S tate  on such m atte rs connected w ith  
Arm y education as i t  th inks fit and upon any 
questions referred to  it by  him . The chairm an of 
th e  Board is Sir Philip Morris, vice-chancellor of

the  U niversity  o f Bristol, who brings to  th e  Board 
no t only his wide knowledge of civil education b u t 
also th e  valuable experience of the problems of arm y 
educational adm inistration which he gained as 
Director-General o f Arm y Education. The Arm y 
will therefore s ta r t its new scheme assured of its 
civilian contacts, and  th is  should go far to  ensure 
th a t  education in  th e  Arm y is an  integral p a rt of 
the national plan.

I t  is essential th a t  education in  th e  Arm y should 
be a  norm al p a r t  of m ilitary  life designed to  fit into 
its place in  daily routine. This being so, th e  m ilitary 
‘u n it’ m ust be the  basis of educational organisation, 
and  th e  com manding officer m ust be charged w ith 
the  responsibility for his u n it’s educational efficiency 
in the  same w ay and  to  th e  same ex ten t as he is 
responsible for all o ther aspects of his u n it’s efficiency 
and welfare. In  the  m ain he will be responsible for 
a  general scheme o f com m unity education which will 
be a com pulsory p art of the day’s work. Com munity 
education has here a  wider connotation th a n  its 
present one in the  release scheme, where it covers 
only current affairs and citizenship. In  th e  fu ture 
plan it  covers no t only current affairs and citizenship 
b u t also all those basic subjects which are the  neces
sary  equipm ent o f the  good c itizen ; for example, 
English, calculation, geography and history. Side by  
side w ith  th is  compulsory work, th e  un it will be 
required to  provide individual education on a 
vo lun tary  basis in  th e  m en’s own tim e. H ere the  
m an could continue studies he m ay have sta rted  
before joining the  Army, or he could acquire new 
interests in  a r t  or music, in  literature or handicrafts, 
according to  his tastes and  th e  resources locally 
available. I t  seems likely th a t  instructors for th is 
un it work will be provided from  u n it resources as 
was done bo th  before and during the  W ar w ith con
siderable success. Suitable non-commissioned officers 
would be given a  course of, say, th ree m onths a t  the 
arm y school of education, where they  would receive 
train ing  in  teaching m ethod and more advanced 
instruction  in  selected subjects.

I t  would be unfair to  expect the  u n it w ith  its 
lim ited teaching resources and  its heavy train ing 
com m itm ents to  undertake th e  more difficult types 
of teaching : these would be provided or organised 
a t  garrison-level, where b e tte r qualified instructors 
could be pooled and, possibly, supplem ented from  
external sources. A t one end of the scale in th is 
group would be th e  illiterates and near-illiterates 
receiving com pulsory basic education to  fit them  to  
take the ir places in  the  com m unity life and  com 
m unity  education of the ir units. A t the  other end of 
the  scale would be higher education on a  vo luntary  
basis, and here it  is probable th a t liaison w ith local 
education authorities would, a t home a t  least, enable 
troops to  take advantage of classes in  the  technical 
schools, evening institu tes and a r t  schools. I t  is hoped 
th a t  garrison classes in  th is  group m ay be able to  
develop on th e  lines of the  s tudy  centres which have 
grown up  everywhere during th e  W ar as a  result of 
individual initiative and which have given education 
a hab ita tion  and  a  home.

A th ird  type of provision which finds a  place in 
prelim inary plans is re-settlem ent education (as 
opposed to  re-settlem ent training) for regular soldiers. 
H ere it  is possible th a t  the  correspondence course, 
the  local technical school and garrison classes m ight 
all contribute to  th e  preparation of the  long-service 
m an for his re tu rn  to  civil life. The Secretary of S tate 
for W ar w ent even fu rther th a n  th is  when in opening
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one of th e  A rm y’s form ation colleges, he expressed a 
hope th a t  i t  -would be possible in  the  post-war period 
to  retain  a t  least one such institu tion  for th e  benefit 
of the long-service soldier.

Exam inations, m uch as we dislike them , serve two 
im portant purposes. F irs t th ey  are required as- a 
p art of the  process of assessing the  m an’s all-round 
ability  for purposes of proficiency pay. If, as seems 
probable, a  te s t o f th is  sort cannot be escaped, it 
will be 'devised to  do its w ork in a  m anner which will 
a t  once avoid heavy w aste of tim e and effort and 
elude the  constricting danger of a fixed and im m utable 
syllabus. The second purpose served by th e  exam ina
tion  is the  provision of the  ‘scrap of paper’ which 
experience proves is highly valued by  soldiers a t  all 
levels as a passport to  well-paid em ployment when 
they leave the  Army. To satisfy his needs in  th is 
respect i t  is felt th a t  th e  soldier should be encouraged 
to  take the  exam inations open to  his civilian brothers, 
for these are m ore acceptable to  civilian employers, 
who in the  p ast have shown diffidence in  accepting 
the less fam iliar Arm y certificates o f education.

In  addition  to  th e  types of possible provision 
described, there are the  institu tions which tra in  boys 
as apprentice tradesm en : these will probably con
tinue along m uch the  same lines as hitherto , though, 
o f course, general education will have to  be brought 
into line w ith th a t- in  units. Band-boys are, and 
always have been, a  special problem, for the num bers 
o f them  in un its  are usually too small for satisfactory 
arrangem ents to  be m ade to  m eet the ir educational 
needs. Proposals are, however, being examined w ith 
th e  view of eradicating th e  weaknesses of th e  p re 
war system  so th a t  band-boys m ay be assured of an 
educational, opportunity  w orthy of the future th a t 
lies before them .

A t the  end of a  period of w ar few will need con
vincing th a t  however gallant and  efficient the  rank  
and file m ay be, the ir efforts will be nullified if  they 
are no t backed by an  efficient staff corps. Army 
education as an  extensive operation on a global scale 
will no less need a highly trained  and efficient staff 
corps to  plan, stim ulate, adm inister and provide. 
Between the  W ars the  Arm y E ducational Corps 
suffered continuously from  a sense of frustra tion  : 
promotion, slow a t  all levels, was alm ost non-existent 
in the in term ediate commissioned ranks ; numbers 
were inadequate to  develop the  opportunities which 
all keen m en could see ; the  burden o f an exam ination 
system  kep t educational staffs enslaved to  the  chores 
of education when they  should have been leading the 
way to  its shining corridors. As a result, few were 
a ttracted  to  its service from  outside the  Army.

Proposals have now been accepted which will 
ensure a constant flow of new blood from  the  civilian 
system and, for those who wish to  m ake a career in 
Army education, prospects of pay and prom otion 
equivalent to  those in  o ther corps and in the, education 
profession generally.

Much praise has been given to  the  Arm y for its 
great educational efforts during and since the W a r ; 
bu t if  these efforts are to  survive and flower in  the 
years of peace, m ore will be required th a n  m ere lip 
service. I f  Arm y education is w orth while in war, it 
is doubly w orth  while in  peace, and if i t  is worth 
while it m ust be staffed and equipped in  a m anner 
w orthy of its  great task . This is n o t a m a tte r of 
mere domestic politics for the  A rm y ; it is a  m atte r 
of v ita l concern for the  nation , o f which the  Army 
is a living, though in peace often a  forgotten and 
neglected, part.

O B I T U A R Y
Sir Frank Heath, G.B.E., K.C.B.

H e n r y  F r a n k  H eath  was born on December 11, 
1863. H e was th e  eldest son of H enry  Charles H eath , 
m in iature pain ter to  Queen V ictoria. H e was educated 
a t  W estm inster School and U niversity  College, 
London, a fte r which he spent a  year a t  the  U niversity 
of S trassburg. W hen he came back to  England 
he was appointed professor o f English a t  Bedford 
College, London, and lecturer in  English language and 
litera tu re  a t  K ing’s College, London. H e held these 
posts un til 1895, when he becam e assistan t registrar 
and  lib rarian  of th e  U niversity  o f London. H e was 
appointed academic reg istrar in  1901, holding the 
post only for two years, when he joined th e  Govern
m ent service as D irector of Special Enquiries and 
R eports under th e  B oard of E ducation  (1903—16). 
H e becam e principal assistan t secretary of the 
U niversities B ranch of th e  B oard from  1910 un til 
he was appointed  secretary to  th e  D epartm ent of 
Scientific and  In d u stria l Research in  1916. He 
retired from  th e  D epartm ent in  1927, and  from  then 
un til the  end of his life gave vo lun tary  service to  a 
num ber of im portan t institu tions. H e died on 
October 5.

These are the  bare facts o f H ea th ’s long life and 
of his g reat services to  th e  S tate , to  science, and  to  
education. Few  men, except those who knew him  
well and worked in  in tim ate  co-operation w ith  him , 
know how great these services were.

H eath  first became interested in scientific education 
and  research when he became head of the  Universities 
B ranch of the  B oard of Education, which was formed 
in 1910. There existed a t  th a t  tim e a Treasury 
Advisory Com mittee on Universities, of which H eath  
was a  member. This Com m ittee advised on Treasury 
gran ts to  certain  university  faculties b u t n o t to  the 
universities o f G reat B rita in  as a  whole. I t  was con
verted  in  1910 in to  a  general advisory com m ittee on 
universities, and a ttached  to  the B oard of Education. 
Sir W illiam  McCormick was appointed chairm an, and 
H eath  ceased to  be a  member, as the  recom m enda
tions of th e  Com mittee came to  him  to  adm inister. I t  
was then  th a t  he form ed th a t  close friendship, and 
began the long association, w ith  McCormick th a t  was 
to  prove so fru itfu l.

In  the  course of his w ork a t  the  B oard of Education, 
H ea th  devised simple and  effective provisions for 
giving grants to  universities in  respect of engineering 
and  medicine. Previously such gran ts had  only been 
given under the  attendance regulations for technical 
schools. Before long these grants were absorbed in 
block grants to  the  universities ; and  the  medical 
schools, in  London and  in  the  provinces, came to  be 
S tate-aided under the  new system . All th is  w ork of 
H ea th ’s, in  which he showed th e  vision an d  the 
adm inistrative ab ility  which were so characteristic of 
him , and  which are seldom com bined in one m an to  
such a degree, led finally to  the  evolution of the 
U niversity  G rants Com mittee, and to  the  great 
spread of S tate  aid  to  th e  universities o f Great 
B rita in  w ithout affecting th e ir  autonom y.

W hen the  W ar broke out in  1914, i t  soon became 
painfully  clear how dependent B rita in  was for v ita l 
w ar m aterial on German industries, and  how far we 
h ad  failed to  keep pace w ith  Germany in the  applica
tio n  of science to  industry . H ea th  acted w ith  
characteristic vigour. B y Christm as 1914 he had 
subm itted  a m em orandum  to  th e  president o f the
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B oard of Education, pointing out how the  failure of 
industry  to  enlist th e  services of science had  caused 
a  g reat shortage of m en trained  in  scientific research 
a t  the  universities. This highly im portan t m em oran
dum  was referred to  a small secret com m ittee under 
Sir W illiam  McCormick. B y May 1915 the  Govern
m ent, on the  advice of th is  com m ittee, h ad  decided 
to  establish a perm anent organisation for the 
development of scientific and industrial research, and 
when the  R oyal and  Chemical Societies approached 
th e  Government to  ask for the  establishm ent o f a 
N ational Chemical Advisory Committee, they  received 
th e  reply th a t  a  m uch wider a ttac k  on the  whole 
problem  was in its in itia l stages.

The D epartm ent o f Scientific and  Industrial 
Research was form ed in 1916 on H ea th ’s plan. There 
can be little  doub t th a t  m any of his ideas were 
im proved in  detail by  McCormick’s com m ittee; b u t 
the  whole scheme was prim arily  due to  his im agina
tion  and foresight. I t  was he in  particu lar who 
foresaw th e  advantages of placing th e  new D ep a rt
m ent, which was destined to  have such close relations 
w ith  o ther departm ents o f S tate  as Well as w ith  the 
rmiversities and  industry , under the  Lord President 
of th e  Council, who had  then  no departm ental duties. 
This decision has had  the  consequence th a t  the  Lord 
President of th e  Council has become th e  chief M inister 
o f th e  Crown responsible to  Parliam ent for advice on 
th e  general scientific developm ent of the  country. 
The Medical Research Council, which was the  suc
cessor of the  Medical Research Com mittee of the  
N ational H ealth  Insurance Jo in t Commission, the  
appointm ent o f which pre-dated  th e  D epartm ent of 
Scientific and Industria l Research, was placed 
under the Lord President in  1920. The A gricultural 
Research Council became responsible to  h im  in 
1931.

McCormick was appointed chairm an of th e  Advisory 
Council o f the  D epartm ent, and H ea th  was m ade 
its  perm anent secretary. So it  came about th a t  the 
first great ven ture of the  S tate , in  th is or in  any 
other country, to  exercise a comprehensive influence 
over the  development of research to  m eet national 
needs was guided by  two professors o f English. 
Needless to  say, there was m uch criticism  a t  th e  tim e 
in  the  scientific world, criticism  th a t  was wholly 
falsified by  events. Speaking as his successor, I  
record em phatically th a t  I  can th in k  of no scientific 
m an a t  th e  tim e who could have done w hat H eath  
did in  the  nursing of th is  new venture th rough a 
m ost difficult period, and in its final establishm ent 
in a secure position. N or should McCormick’s services 
in  th is respect ever be forgotten. H e supplied 
qualities th a t  H eath  lacked. H ea th  was a p t to  be 
too interested in, and too worried about, details. A 
ta lk  w ith  McCormick, who cared nothing for details, 
often resolved H ea th ’s difficulties and refreshed his 
mind. McCormick’s na tu ra l geniality, too, and 
in terest in  hum an beings, m ade m uch easier the 
relations between H eath  and the great m en of science 
who served on th e  first Council of th e  D epartm ent. 
H eath  was indeed th e  driving power, and McCormick 
was the  lubricant.

During the nex t few years th e  m ain structu re  of 
the  D epartm ent was erected. The scheme for the 
establishm ent of research associations, which was 
due to  H eath , s ta rted  in  1917. The Fuel Research 
B oard was established in  1917, the  Food Investigation 
B oard in 1918, and the  Building Research B oard in 
1920. Sir George Beilby was the  first director of 
research and chairm an of th e  Fuel Research Board.

H e Was succeeded la ter on as chairm an by  Sir R ichard 
Threlfall. Sir W illiam H ardy  was th e  first director 
of food investigation. Beilby, Threlfall and H ardy 
were the  three members of the  Advisory Council who 
had  m ost executive responsibility for the research of 
the  D epartm ent. Beilby and Threlfall were great 
industrialists who had  also done work of high scientific 
im portance. H ardy, the best scientific worker of the 
three, had  no experience of applied research un til he 
joined th e  D epartm ent. All three had  vigorous 
personalities, strong individualities, and  did no t 
suffer fools gladly. B u t all three got on very happily 
indeed w ith  H eath , formed close friendships w ith 
him , and were always prepared to  be guided and 
influenced by  him. I t  is difficult to  th ink  of a  better 
tr ib u te  to  H ea th ’s own personality and work th an  
th is statem ent.

The general structu re  of the D epartm ent has no t 
changed since those early days. New research boards 
and sta tions have been added, b u t they  have been 
formed on H ea th ’s original plans, which have stood 
the  te s t of tim e. Research associations have had a 
chequered career, and are being exposed a t  the 
m om ent of w riting to  some severe criticism. Their 
establishm ent was a  bold experim ent, fully justified, 
and the ir present value is far greater th a n  some of 
the  critics conceive. W hatever im provem ents are 
necessary and desirable in detail, no one would wish 
to  abandon the  general scheme. W hat is more, the  
basic idea of forming associations to  m eet the  needs 
of th e  older and scattered  industries is being copied 
in  o ther countries.

In  1925 H eath  was invited by  the  Government of 
A ustralia to  advise on the  development o f scientific 
and  industrial research. A fter a comprehensive 
survey he recommended th a t  th e  existing Common
w ealth In s titu te  o f Science and Industry  should be 
developed to  a  Council of Scientific and Industrial 
Research to  serve all A ustralian national needs in 
science, industry  and agriculture. H is recom m enda
tions were adopted by the  Government and passed 
into law in June  1926. He then  w ent on a sim ilar 
mission to  New Zealand, where the  Government 
accepted his recom m endation to  establish a D epart
m ent of Scientific and Industrial Research. The 
N ational Research Council of Canada, which replaced 
the  H onorary Advisory Council for Scientific and 
Industria l Research, had  been established in 1924. 
In  South Africa developments have been slower, and 
it  is only recently th a t  a sim ilar council has replaced 
th e  organisation for the  encouragement of research 
th a t  was the  responsibility of the M inister of Mines 
and Industries. AH these developments have resulted 
from  H ea th ’s original report to  the Government of 
th e  U nited K ingdom  in 1915.

Soon afte r H eath  returned  from  these visits he 
resigned his secretaryship of th e  D epartm ent. I t  was 
no t necessary for him  to  do so ; b u t he felt th a t  his 
m ain work had  been done, and th a t  the  tim e had 
come to  hand  over the  chief executive responsibility 
to  a scientific m an. All th ree of H e a th ’s successors 
have been m en of science, and it  is highly probable 
th a t  all fu ture successors will be ; b u t H eath  will 
always have a  special place of honour in  the  history  
of th e  D epartm ent.

A fter his retirem ent in 1927, H eath  became for a 
short tim e the  secretary, and afterw ards th e  honorary 
director o f the Universities Bureau of the  British 
Em pire, and threw  him self w ith the  same passionate 
eagerness into its affairs as he had into th e  larger 
affairs o f S tate. H e was an active governor, from  1931
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un til his death , o f th e  Im perial College, where his 
wide knowledge and  experience of education and 
research, and  his constructive criticism , were of 
inestim able value. H is m any other activities in 
cluded the  chairm anship (1935-39) and  the  vice- 
chairm anship since 1939 of th e  B ritish S tandards 
Institu tion , and  membership of the  Royal Com
mission for the  1851 Exhibition since 1924. W h a t
ever he did was done thoroughly and  w e ll; no one 
ever tu rned  to  him  in vain  for help.

H ea th ’s publications include chapters on English 
language and  litera tu re  to  the  tim e of E lizabeth  in 
“Social E ngland” . H e was co-editor w ith  A. W . 
Pollard and others of th e  Globe Chaucer, and editor

of the  Modern Language Quarterly from  1897 u n til 
1903. M any of his best w ritings were published 
anonym ously in  official docum ents, such as the  
annual reports o f th e  D epartm ent o f Scientific and 
Industria l Research ; b u t fo rtunate ly  he found tim e, 
before his death , to  com plete a book on “Industria l 
Research and  D evelopm ent” in  collaboration w ith  
A. L. H etherington, a close friend and colleague for 
m any years.

Sir F rank  m arried  twice. H is first wife, A ntonia 
Johanna Eckenstein, died in  1893, only a year afte r 
th e ir  m arriage. In  1898 he m arried Frances Elaine 
Sayer, who died in 1939. Two sons of th e  second 
m arriage survive him . H . T izard

N E W S  and V I E W S
Royal Society

Annual Meeting
The anniversary m eeting of th e  R oyal Society was 

held, as custom ary, on Novem ber 30, and the 
president, Sir R obert Robinson, delivered his presi
dential address, a m ain p a r t of which is p rin ted  on 
p. 815 of th is  issue, and  also presented th e  m edals 
for 1946 (see p. 841). In  addition , he m ade some 
brief com ments on the  relationship of scientific 
men to  world affairs. H e welcomed Sir H enry  D ale’s 
plea last year for th e  general release of scientific 
knowledge. Speaking of the  danger to  scientific 
ideals and  in teg rity  in  the  conception of ‘to ta l w ar’, 
he pointed  ou t th a t  m en of science are faced w ith  a 
dilemma—a conflict between the ir ideals of service to  
hum anity  and  th e ir  d u ty  as citizens of a democratic 
com m unity—which can only be resolved by  the 
establishm ent of real friendship and concord among 
the nations of the  world. Speaking for himself, he 
said th a t  all m en of science should strive for the 
prom otion of in ternational peace and th e  outlaw ry 
of all m ethods of w arfare which by  the ir natu re  
involve ‘to ta l w ar’. The existence of the  universal 
brotherhood of scientific workers shows th a t  th is 
hope is n o t im practical idealism. Nevertheless, in 
this connexion there can be no clear-cut d istinc
tion between peace and  war, and a nation ’s defences 
m ust be prepared a t  all tim es against a ttack . 
Sir R obert continued, “ it  is inconsistent to  praise 
our scientists for th e ir  outstanding contributions 
to  the  w ar effort and a t  th e  same tim e to  suggest 
th a t they  offend against our eth ical code if they 
serve the  country  in a  sim ilar fashion during an 
uneasy peace. I t  is useless to  a tte m p t to  disguise 
the fact th a t  such serVice implies some sacrifice of 
freedom. D uring th e  W ar th e  scientific effort was 
nation-wide and control extended to  m any university  
departm ents. Nevertheless, the  universities have 
preserved in tac t the ir precious liberty  of action, and 
I  see no signs of any  a tte m p t to  cu rta il it .  Surely 
th is suggests a  feasible line of dem arcation in  th a t 
extra-m ural contracts, placed by  Service departm ents 
w ith the  universities, need no t, and  should no t, con
ta in  any clauses restric ting  free publication of the 
results. A lthough it  has sometimes been irksome, 
the refusal of m any universities to  accept theses th a t 
cannot be published is a step  in th e  righ t d irection.”

Officers and Council
The  following is a list of those elected as officers 

and Council of the R oyal Society a t  the anniver

sary  m eeting : President, Sir R obert Robinson ;
Treasurer, Sir Thom as M e rto n ; Secretaries, Sir 
Alfred E gerton and  Sir Edw ard Salisbury ; Foreign 
Secretary, Prof. E . D. A drian ; Other Members of 
Council, D r. C. H . Andrewes, Prof. W . T. A stbury, 
Prof. W . Brown, D r. E . C. B ullard , P rof. A. C. 
Chibnall, Prof. C. A. L o v a tt E vans, D r. N . H . 
Fairley, Prof. R . A. F isher, Prof. S. Goldstein, Prof. 
E . L. H irs t, P rof. H . W . Melville, Prof. M. H . A. 
Newman, Prof. M. L. E . O liphant, D r. C. F . A. 
P an tin , Prof. H . H . R ead, Sir R eginald Stradling. 
In  his anniversary  address, Sir R obert Robinson 
announced th e  resignation of Mr. Jo h n  D. Griffith 
Davies, assistan t secretary  of the  S o c ie ty ; Mr. 
Griffith Davies has been appoin ted  a  m em ber of the 
L ibrary  Com m ittee and  will be chairm an of a  su b 
com m ittee preparing for th e  celebration of the  te r 
centenary of the Society.

Nobel Prize for Physics:
Prof. P. W . Bridgman

Pr o e . P . W . B r id g m a n , to  whom th e  Nobel Prize 
for Physics for 1946 has been awarded, is celebrated 
for his com prehensive researches into th e  properties 
of m a tte r  a t  very high pressures, which began in  1906 
and  have continued w ith  u naba ted  vigour to  the  
present day. B y the  ingenious applications of p rin 
ciples in  them selves sim ple and  by th e  informed 
u tilization  of new steels, he extended the  range of 
pressures a t  which system atic m easurem ents could 
be m ade from  3,000 atm ospheres, the  lim it reached by 
Am agat, to  12,000 atm ospheres. U p to  th is pressure 
he m easured, for example, compressibilities, v is
cosities, electrical conductivities, therm al e .m .e . ’s and 
transition  points o f a large num ber of elements and 
com pounds, w ith  results o f th e  highest interest. This 
work, which necessarily involved th e  working ou t of 
new m ethods of m easuring pressure, is described in 
his book “The Physics o f H igh Pressure” , which 
appeared in  1931 and has become th e  classic of the 
subject.

Since then , Bridgm an has again extended the  range 
of pressures. B y  constructing the  vessels of the  steel 
known as ‘earboloy’ and  by  special m ethods of con
struction , including, fo r the  highest pressures, the  
imm ersion of the  pressure vessel in  a fluid which is 
itself m ain ta ined  a t  30,000 atm ospheres, he has 
pushed the lim it up  to  100,000 atm ospheres. A 
num ber of system atic m easurem ents of polymorphic 
transitions and  of com pressibilities have been m ade 
up to  50,000 atm ospheres. I t  is an  ex traordinary
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feat to  have increased th irty fo ld  the  range of pressures 
which was p racticab le when he first took up  the 
subject. Clearly, the  pressures now reached are of the  
g rea test im portance n o t only to  physicists, chemists 
and  engineers, b u t also to  geologists. B ridgm an’s 
w ork has been a source of streng th  to  the  various 
schools o f high-pressure w ork which have been set 
up  of recent years. A valuable review of w ork in the  
field of high pressure since 1930 was published a t 
th e  beginning of the  present year by  Bridgm an in the  
Reviews of M odem  Physics (vol. 18, pp. 1-93). 
Bridgm an has w ritten  several ou tstanding books, 
besides his s tandard  trea tise  on high pressure, dealing 
n o t only w ith  th e  therm odynam ics of the  processes 
in which he is interested, b u t also w ith  such subjects 
as dimensional analysis an d  the  general philosophical 
aspect of m odern physics.

Nobel Prize for Chemistry :
Prof. J. B. Sumner

B iochemists will learn w ith  pleasure th a t  Prof. 
J .  B. Sum ner’s nam e is included am ong those who 
share, th is year, the  Nobel prize for chem istry. Prof. 
Sumner, professor o f biochem istry in  Cornell U niver
sity , will always be rem em bered as th e  first person 
to  succeed in  crystallizing an  enzyme—urease. 
This he accomplished in  M ay 1926, and  in  doing so 
he helped greatly  to  dissipate th e  fog of obscurity 
which h ad  surrounded the  subject o f enzyme chem 
istry . The isolation of th e  crystalline enzyme suceeded 
only afte r m any years of prelim inary work, during 
which period every conceivable m ethod of purification 
was tried . E ventually , afte r studying the  constituents 
of th e  jack  bean and  paying special a tten tion  to  the 
properties of its  proteins, an  extrem ely simple p ro 
cedure for the  isolation of urease was adopted. I t  
consisted of stirring  100 gm. jack  bean m eal w ith 
500 ml. o f 32 per cent acetone and  allowing the  m ix
tu re  to  filter in an  ice chest. A fter standing over
night, the  filtrate  was seen to  contain  colourless 
octahedral crystals, which were found to  be crystals of 
urease. Sum ner’s claim  to  have isolated th e  first 
enzyme in crystalline form  was strongly contested, 
especially by  m em bers o f th e  W illstatter school, and 
biochemists will recall th e  general scepticism w ith  
which th e  claim  was a t  first received. Sum ner’s 
finding was, however, quickly confirmed, and  i t  was 
followed during 1930, 1931 an d  1933 b y  th e  crystalliza
tion  of th e  proteolytic enzymes pepsin, trypsin  and 
chym otrypsin by N orthrop, and  by  N orthrop and 
K unitz . More th a n  tw en ty  enzymes have now been 
■obtained pure, am ong these the  well-known enzyme 
-catalase crystallized by  Sumner and Doimce in 1937. 
T he use of crystalline enzymes has led to  a m ajor 
.advance in  our knowledge of th e  chem istry of 
■enzymes, and  they  are now fam iliar objects of s tudy  
in  th e  hands of biochem ists and  physical chemists. 
;Sumner’s nam e is also associated w ith  m uch in te rest
ing  w ork on enzyme kinetics and  on the  production 
o f anti-enzym es by  immunological m ethods.

Dr. W . M. Stanley
H ale of th e  Nobel Prize fo r Chem istry for 1946 

has been aw arded to  D r. W. M. S tanley  and  Dr. 
J .  H . N orthrop of th e  Rockefeller In s titu te  for 
Medical Research, P rinceton, New Jersey, and it  is 
appropriate  enough th a t  these two w orkers should 
be honoured together since an  im portan t p a r t  o f 
S tanley’s w ork was carried out by  m eans of N orth rop’s 
technique. I t  was in  1935 th a t  Stanley announced 
(Science, 81, 644) th e  isolation of the  v irus of tobacco

m osaic in  crystalline form, and  thereby  opened the  
w ay to  the  intensive studies o f p lan t viruses which in 
th e  la st decade have revolutionized th e  whole subject. 
A lthough Stanley was n o t the  first to  conceive o f a 
v irus as a  chemical substance ra th e r th an  an  organism 
—Vinson and  P etre  m ay be m entioned as pioneers in 
th is  direction—he was th e  first to  isolate a crystalline 
or paracrystalline v irus protein, and thus enabled 
workers to  visualize a v irus as a tangible en tity  
ra th e r  th a n  a  m ysterious agent the  existence of 
which could only be deduced from  its  effects on its 
host. This discovery was soon confirmed by workers 
in  B rita in  and elsewhere. There was a t  first a  good 
deal o f scepticism as to  w hether the  protein  really 
was th e  v irus itself. The biologist was lo th  to  ex 
change his conception of a  very small organism  for 
th a t  of a  crystalline protein w ith  th e  power to  m u lti
p ly , and  th e  chem ist was equally unwilling to  con
tem plate th e  possibility o f a  m u ta ting  molecule. 
S tanley, however, showed th a t  the  v irus p rotein  could 
be obtained from  p lan ts botanically unrelated  such 
as the  tobacco and  the  phlox, b u t only if  these p lan ts 
were infected w ith  tobacco mosaic virus. H e also 
showed th a t  a  closely related  strain  of th e  tobacco 
mosaic virus could be isolated, and  th a t  i t  was sim ilar 
to  th e  first b u t ye t possessed properties which were 
distinctive and characteristic. Nowadays, no p lan t 
v irus worker doubts th a t  th e  v irus and crystalline 
pro tein  are one and  th e  same ; several more viruses 
have been isolated in  crystalline form , four o f them  
as three-dim ensional crystals, and all have been 
shown to  be nucleoproteins.

Dr. John H. Northrop
T he  n atu re  of the  enzymes was a m a tte r  for con

siderable speculation so recently  as tw enty  years ago, 
and  th e  isolation of th e  gastric proteolytic enzyme 
pepsin by  D r. Jo h n  H . N orthrop in  1930 as beautifu l 
hexagonal crystals having the  com position of a 
p rotein  did m uch to  confirm th e ir  pro tein  nature . 
Various tests  applied to  the  pure preparations showed 
beyond reasonable doubt th a t  th e  enzym atic ac tiv ity  
was in tim ately  related  to  the  protein, and subsequent 
w ork by  N orthrop and o ther workers has am ply con
firmed th e  pro tein  n a tu re  o f th e  soluble enzymes. 
In  1932, in  collaboration w ith  Dr. M. K unitz , also 
o f th e  Rockefeller In s titu te , he was responsible for 
th e  isolation and  crystallization of trypsin , and  a f te r
w ards of several o ther proteolytic enzymes from 
pancreas. In  th e  course of these studies, several 
inactive precursors of these enzymes were also 
isolated in a  pure form , and  it  was found th a t  trypsin  
and  pepsin are capable of synthesizing themselves 
from  th e ir  precursors. This au tocataly tic  synthesis 
has been com pared w ith  the  m ultiplication of the 
viruses, b u t i t  has n o t th e  same specificity, as, for 
example, chicken pepsin is form ed from  chicken 
pepsinogen w hether the  reaction is catalysed by 
swine pepsin or chicken pepsin. I t  is interesting, 
however, th a t  a  possible inactive precursor o f the 
tobacco mosaic v irus has been reported  recently. 
Besides his w ork on the  isolation of th e  proteolytic 
enzymes and  the ir precursors, Dr. N orthrop  has been 
responsible for studies on enzyme kinetics, on the 
estim ation and purification of bacteriophage and  on 
a  large num ber of physico-chemical studies o f which 
probably  th e  best known are on th e  diffusion of 
solutes th rough porous mem branes, on m icro- 
cataphoresis and on the  application of G ibbs’s phase 
rule to  th e  solubility of p rotein  solutions as a te s t 
o f then- homogeneity.
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Prof. W . T. Astbury, F.R.S.
A t the  recent celebrations of the  liberation of the 

city  of S trasbourg in  1918 and  1944, the  solemn 
‘re-en try ’ of th e  U niversity  was m arked, on N ovem 
ber 22, by  its first honorary degree ceremony since 
th e  end of the  W ar. Among o ther recipients, the  
degree of Docteur honoris causa was conferred on 
Prof. W . T. A stbury , of th e  D epartm ent of Bio- 
molecular S truc tu re and  Textile Physics Laboratory  
of the  U niversity  of Leeds. Prof. A stbury  was also 
recently elected a  m em ber of the  R oyal Society of 
Sciences of U ppsala.

L.M.S. Railway : Scientific Research
Mb . F . C. Joh an sen  has been appointed deputy  

scientific research m anager of the L.M.S. Railway. 
Mr. Johansen  graduated  w ith  first-class honours 
from  K ing’s College, U niversity  of London, gaining 
the  degree of B.Sc.(Eng.), and  afterw ards obtaining 
his M.Sc. On leaving the  university , he took up an 
appointm ent w ith  the  Yorkshire E lectric Power C o .; 
la ter he joined th e  N ational Physical L aboratory, 
where he d id  research into certain  aspects of fluid 
motion, and  carried ou t a  comprehensive investiga
tion into air resistance of trains. In  1932 he joined 
the Scientific Research D epartm ent of the  L.M.S. 
Railway as engineering research officer.

University of Glasgow
D b . E ric Clar  has arrived from Czechoslovakia 

to  w ork in th e  Chem istry D epartm ent as an I.C .I. 
Fellow. A fter g raduating  a t  Dresden and working 
for a tim e a t  Cambridge, D r. Clar became head of 
the Chem istry D epartm ent of th e  Is titu to  Ronzoni 
a t  Milan in  1930. Since 1933 he has been working 
m ainly in his own laboratory  a t  H errnskretschen, 
bu t has also been part-tim e lecturer in the  U niversity 
of Prague and has had  connexions w ith  R utgers A.G. 
a t N iederau. F or m any years he has been especially 
interested in polycyclic hydrocarbons and  th e ir  de
rivatives, and  he is au tho r of th e  monograph, 
“Arom atische Kohlenwasserstoffe” (1941).

Mr. Cyril A. H alstead  has been appointed assistant 
in geography. The following resignations have been 
accepted : D r. G. F . Asprey (botany) to  become 
lecturer in p lan t physiology in  the  U niversity  of 
Aberdeen ; Mr. E . Duffy (bacteriology) to  become 
assistant pathologist to  th e  R oyal Cancer H ospital, 
Glasgow ; D r. J a n e t S. F . N iven (pathology) to  join 
the staff o f th e  N ational In s titu te  of Medical Research, 
London.

The North Ferriby Boats
L ittle  is known abou t th e  efforts o f prim itive m an 

in northern  E urope to  overcome th e  inherent defects 
of the  dugout boat and  to  develop a seaw orthy 
planked vessel. The Scandinavian trad itio n  was to  
use th e  clinker build  ; b u t a p a rt from the  H jortspring 
canoe, really  early  examples of th is  kind are so in 
complete th a t  i t  is impossible to  gather any  clear 
idea of th e ir  shape or size. In  all of them , however, 
the  planks are secured by  stitching. The remains 
of two large boats as prim itive as any  planked vessel 
from N orthern  Europe and, in one case, sufficiently 
complete to  allow reconstruction of the  original form  
Jo be m ade w ith  fair certain ty , have been found by 
Mr. E . V. W right and  his bro ther, the  first in 1937, 
th e  second in  1941. They were between high and  
low w ater, buried in th e  old river clays on the  no rth  
bank of th e  R iver H um ber a t  N orth  F erriby  in  east

Y orkshire. Much of the  first boat was lost during 
th e  W ar by erosion ; b u t records survive of w hat has 
disappeared. The end of th e  W ar m ade it  possible 
to  recover w hat was left. The enthusiastic support 
was secured of th e  la te  Sir Geoffrey Callender and 
th e  N ational M aritim e Museum, who organised the  
salvage of th e  boats w ith  th e  help of the  A dm iralty. 
A lthough the  first boa t was n o t ex tracted  in  one 
piece, as was hoped, no inform ation or tim ber was 
lost, and a successful restoration  is certain.

The boats were highly developed examples of a 
technique of sewing planks together to  form  a ‘fab 
rica ted  dugou t’. They had  a flat bo ttom  m ade up 
of th ree com posite planks, th e  centre one being tu rned  
up  like th e  end of a p u n t a t  th e  end th a t  was preserved 
complete, and  probably  a t  th e  other also. The centre 
p lank was tw ice as th ick  as th e  o thers b u t was m ade 
of two lengths joined w ith  an absurdly short scarf 
jo in t in th e  m iddle. The seams were grooved, caulked 
w ith  moss, w ith  a  covering s la t and  sewn up  w ith  
yew withes. The bo ttom  planks were fu rthe r secured 
by groups of cross-battens passing th rough cleats left- 
standing on th e  upper surface of th e  planks. P a r t 
of the  first s trake survived on one side. I t  was cut 
on the  curve from  th e  solid wood. No form  of fram ing 
was discovered, although there were probably  a t 
least some thw arts  to  support the  sides of th e  hull. 
The m eagre archaeological evidence a t  present points 
to  an  E arly  Iro n  Age d a te  for th e  deposits in  which 
th e  boats were found. The bo tanical evidence m ay 
throw  fu rthe r light on th e ir  age. The w ork of record
ing is now very  nearly  com pleted and  th a t  o f preserva
tion  will shortly  begin. All being well, these splendid 
m onum ents of prim itive craftsm anship will in  due 
course be on exhibition a t  the  N ational M aritim e 
Museum a t  Greenwich.

An Automatic Computing Engine for the National 
Physical Laboratory
F o llo w in g  upon Lord M oun tba tten ’s presidential 

address to  th e  In s titu tio n  of R adio Engineers, in 
which he referred to  th e  E .N .I.A .C. (described in  an 
article  in  N ature  o f October 12, p . 500), a sta tem en t 
was issued from  the  D epartm en t o f Scientific and 
In d u stria l Research sta ting  th a t  p lans for a m achine 
to  be called th e  A utom atic Com puting Engine 
(A.C.E.) are being com pleted a t  th e N a tio n a l Physical 
L aboratory . A short s ta tem en t abou t th is  m achine 
was broadcast by  Sir Charles Darwin, d irector o f the  
N ational Physical L aboratory , in  th e  B.B.C. Hom e 
Service on N ovem ber 9. W hile paper plans have m ade 
good progress, th e  technical design is only beginning, 
and i t  will be a  year or two before any  u n its  are 
operating. The com pletion of th e  m achine will take 
several years. The pro ject is under th e  charge of Mr. 
J .  R . W omersley, superin tendent of th e  M athem atics 
Division, an d  th e  m achine will form  p a r t of th e  
D ivision’s equipm ent. The team  of m athem aticians 
who are p lanning th e  m achine is led by  D r. A. M. 
Turing, form erly a  fellow of K ing ’s College, Cam 
bridge, in whose paper “ On Com putable Num bers, 
w ith  an  A pplication to  th e  Entseheidungsproblem ” 
(Proc. Lond. M ath. Soc., 1937), the  possibility  o f such 
machines is foreseen, and  m ethods of organising work 
on them  are discussed.

Council for the Preservation of Rural England
I n  th e  repo rt o f th e  Council for the  Preservation  

of R ura l E ngland, th e  first a fte r  th e  w ar years, th e  
aim s, objects and  policy of the  Council are re-stated . 
Briefly, these rela te  to  the  pro tec tion  of ru ra l scenery,
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th e  preservation of am enities in  country  and tow n 
and  th e  education of public opinion on these m atters. 
This comprehensive report gives a clear im pression 
of the  m any activities which engage th e  a tten tio n  of 
the  Council. The policy of th e  Council, which is 
discussed a t  some length, is based on the  view th a t 
th e  developm ent o f agricultural resources, and the 
im provem ent o f the  social environm ent of the  ru ra l 
population, provide the  best means of realizing the  
aim s of the  Council. N ational and  regional planning 
of th e  land  in the  in terest of th e  com m unity is su p 
ported  ; genuine rural industries are to  be encouraged, 
while ru ra l housing and services should be improved. 
O ther sections are devoted to  the  location of industry  
and the  provision of new towns, road construction, 
the provision of N ational P arks and open spaces, 
afforestation, prohibition of outdoor advertisem ents 
in  certain  localities, and  th e  release of areas from  
m ilitary  occupation. In  m any of these and other 
m atters, th e  Council for the Preservation of R ural 
England works in  close co-operation w ith  other 
bodies, for example, the  N ational T rust.

Training Grants for Engineers
T he  M inistry of Labour and  N ational Service is 

now awarding grants under the  F u rth e r Education  
and  Training Scheme to  assist young engineers who 
have been on m ilitary  service to  com plete the ir 
practical train ing in  industry . U niversity graduates 
in  engineering and  others who have qualified as 
graduates o f the  Institu tions of Civil, Mechanical or 
E lectrical Engineers are entitled to  apply  for grants. 
The awards are intended to  supplem ent the  paym ents 
which employers norm ally m ake to  engineering 
graduates. A p lan  of train ing m ust be drawn up  by 
the  em ployer and approved by  th e  M inistry before 
a gran t will be made. Three types of course are 
contem plated, lasting tw enty-four, twelve and six 
m onths respectively. The longest course is intended 
for those who have had no previous industrial 
experience and only lim ited technical experience in 
the  Services. The In stitu tio n  of E lectrical Engineers 
announces th a t  young electrical engineers will be 
advised to  take a  twelve-months course if  they  have 
had  little  or no industrial training, b u t have served 
eighteen m onths or m ore on suitable workshop 
duties in technical units, or have had  12-18 m onths 
previous industrial train ing and only lim ited tech 
nical experience on m ilitary  service. Those w ith 
more th an  nine m onths previous industria l train ing 
and more th an  eighteen m onths technical experience 
in  the  Services will generally be regarded as having 
com pleted the ir train ing, b u t some m ay be advised 
to  take th e  six-m onths course. F u rth e r particulars 
m ay be obtained from  th e  Regional A ppointm ents 
Officers o f the  M inistry of L abour and  N ational 
Service.
Catalogue of Scientific Films in Britain

A catalogue  compiled by  th e  Scientific F ilm  
Association lists alphabetically  595 films of general 
scientific in terest a t  p resent available in  G reat 
B rita in , ranging from  films of technique and  process 
to  films rela ting  science to  society (London : Asso
ciation of Special L ibraries and  Inform ation Bureaux. 
5s.) Most films entirely  of use for juvenile teaching 
have been excluded, b u t some films on cooking and 
rela ted  topics, and  selected films on in ternational 
relations, national cultures, ways of life and  trad ition  
have been included to  give th a t  social background 
against which all hum an activ ities m ust be assessed

and  studied. Of th e  films listed, 266 have been 
appraised and  graded by  special com m ittees, an d  it 
is the  in tention  of the Association to  supply synopses, 
appraisals and  gradings for every film and  to  keep 
th e  lists up  to  d a te  in  th is  respect. The graded films 
are m arked recommended, suitable or unsuitable in 
th ree categories : for general audiences and audiences 
of m ixed scientific workers ; for more specialized 
audiences w ith  a  knowledge of the  sub ject-m atter of 
the film ; and  for adu lt teaching or tra in ing  purposes. 
Silent films are indicated  by  prin ting  the  tit le  in 
ita lic capitals, and  sound films w ith silent versions 
by an  asterisk. F ilm s of which th e  d istribu tion  is 
restric ted  for any reason are also m arked, and  sponsor 
and  production agency, where traced, are indicated. 
The nam e of th e  d istribu to r is usually abbreviated  
and  followed by  a  catalogue reference for use in  
ordering. A list of film d istributors w ith  these 
abbreviations is included, and  there is a classified 
subject index.

Association of Scientific Workers : Social Sciences 
Committee
A m eetin g  to  inaugurate a  N ational Social Sciences 

Com mittee of the  Association of Scientific W orkers 
will be held in  Gas Industries House, I Grosvenor 
Place, London, S .W .l, on December 14. The m eeting 
will be held under the  chairm anship of Mr. J .  R . M. 
Brumwell. Prof. S. Zuckerm an will speak on th e  o u t
look for the social sciences, D r. G. W agner will report 
on the  w ork of the Social Sciences Committee, Mr. D. 
Chapman will discuss fu ture work for social scientists 
in the  Association of Scientific W orkers, and  Mr. R . 
Lines will discuss the constitution of a N ational Com
m ittee  for Social Scientists. F u rth e r inform ation can 
be obtained from  th e  H onorary Secretary, Social 
Sciences Committee, Association of Scientific W orkers, 
15 H alf Moon Street, Piccadilly, London, W .l.

Announcements
Sir Alexander Flem ing and Sir H ow ard F lorey have 

been aw arded the  Gold Medals in Therapeutics of the  
Society of Apothecaries of London, in  recognition 
of the ir discovery and work on penicillin.

T he  title  of professor em eritus in  the  U niversity 
o f D urham  h as been conferred upon Prof. J .  W. 
Heslop H arrison, form erly professor of bo iany, and 
Commander C. J .  Hawkes, form erly professor of 
engineering, both  a t  K ing’s College, Newcastle-upon- 
Tyne.

R ecent  appointm ents to  the  staff of the  U niversity 
of Leeds include th e  following : Dr. H . J .  Rogers, 
to  be Nuffield Research Fellow in oral biology ; Dr. 
A. B. Moggy, to  be B rotherton Research L ecturer in 
physical chem istry in the  D epartm ent of Textile 
Industries ; D r. R. N. T attersall, to  be lecturer (full
tim e) in medicine.

D r . E . C. B ar t o n -W right  has been appointed 
microbiologist to  W hitbread and Co., L td ., and has 
taken  up his duties in the  laboratories a t  Chiswell 
S treet, London, E .C .l.

R efer r in g  to  the notes under th e  title  “Abnorm al 
Solar R adiation  on 75 Megacycles” in N ature  of 
October 12, p. 511, D r. S. E . W illiams sta tes th a t  the 
phrase (par. 2, line 3) “visual changes on the  sun ’s 
disk as recorded on spectrohelioscope observations 
. . .” should read, “visual changes on the  sun, 
nam ely, the  appearance of an  eruptive prominence 
recorded in th e  spectrohelioscope observations . . .”
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Ready Shortly

Principles of RADAR
BY MEMBERS OF T H E  STAFF OF TH E  

RADAR S C H O O L
M ASSACHUSETTS IN STITU TE of T EC H N O LO G Y

Second Edition

960 pages, 9 x 6 ,  fully illustrated, 25/-

THIS is the first published textbook of its kind. It was 
originally prepared for use in the basic portions of the 

war training courses in principles and applications of radar 
which were given for members of the Armed Forces at the 
Radar School of the Massachusetts Institute of Technology. 
Members of the staff of the Radar School have now revised 
the book to bring the subject-matter up to date and to 
improve some of the presentations in the light of teaching 
experience.

The revised edition begins with a brief description of the 
components and functions of radar systems and continues 
with detailed discussion of typical system components. 
Expositions of circuits and devices provide an unusual 
combination of technically thorough and accurate treatments 
with minimum dependence upon mathematics. Emphasis 
in the treatment of circuits is upon quantitative analysis 
directly from tube characteristics and physical principles.

McGraw-Hill Publishing Co. Ltd.
5 S S S S  Aldwych House, London, W.C.2 S S S S S

<Xbe jfarabav Society
A  G E N E R A L  D IS C U S S IO N

on

Electrode Processes
will be held at the University, Manchester 

(by kind permission of the Vice-Chancellor) 
on Wednesday, 9th of April, and Thursday,
10th of April, 1947.

It will comprise a theoretical section (in
cluding wave-mechanical, thermodynamical 
and kinetic treatments) and an experi
mental section dealing with

(a) the deposition and dissolution of 
metals, and

(b) anodic, and other electrode pro
cesses.

Those who wish to submit contributions are invited to send 
titles of their papers (together with a brief summary in 
duplicate) to the Editor not later than December 31st, 1946

G. S. W . MARLOW,
Hon. Secretary and Editor, 
Faraday Society,
6, Gray’s Inn Square, 
London, W .C . I

" M E T H U E N "
New Impressions

The Unstable Earth
Some recent views in Geomorphology 

J. A. STEERS
Cr. 8vo. 17s. 6d. net

The Meaning of Relativity
ALBERT EINSTEIN

Cr. 8vo. 6s. net

Alternating Current 
Measurements

DAVID O W EN
F’cap 8vo, with 80 diagrams 5s. net 

(Monographs on Physical Subjects)

Also Available

Map Projections
G. P. KELLAW AY

A well-illustrated and not too mathe
matical treatment of the main map 
projections, for geography and other 
students.
Demy 8vo, with 75 diagrams I Os. 6d. net

An Introduction to 
Vector Analysis

B. HAGUE
F’cap 8vo. 4s. 6d. net

The General Principles of 
the Quantum Theory

G. TEMPLE
F’cap 8vo. 4s. 6d. net

The Metabolism of Fat
I. SMEDLEY-MACLEAN 

F’cap 8vo. 5s. net

Ready in January

High Resolution 
Spectroscopy

S. TOLANSKY
Demy 8vo. 21s. net

====36 E S S E X  ST ., W . C .2= = =
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UNIVERSITY OF LONDON
Applications are invited for Research Fellow

ships founded by Imperial Chemical Industries, 
Ltd., and tenable in the University of London and 
normally of the value of £600 per annum. The 
Fellowships will be awarded for original research 
in chemistry, physics, and allied subjects such as 
biochemistry, colloid science, chemotherapy, 
engineering, metallurgy, and pharmacology, or in 
any other subject of study which is deemed by 
the Senate to be related to the study of chemistry 
or physics. A Fellow will be required to take a 
limited part in the teaching in the department in 
which he works. Fellowships will be tenable from 
October, 1947, but applications from candidates 
now on national service who cannot take up 
appointment to the Fellowship until later will also 
be considered. Detailed regulations and applica
tion forms can be obtained from the Academic 
Registrar, University of London, a t the Senate 
House, London, W .C .l, and applications must 
be received at that address not later than April 
30, 1947.___________________________ _

UNIVERSITY OF LONDON
Applications are invited for Research Fellow

ships founded by Turner and Newall, Ltd., and 
tenable in the University of London and normally 
of the value of £600 per annum. The Fellowships 
will be awarded for original research in inorganic 
chemistry, engineering, physics, and allied sub
jects. A Fellow will be required to take a limited 
part in the teaching in the department in which he 
works. Fellowships will be tenable from October, 
1947, but applications from candidates now on 
national service who cannot take up appointment 
to the Fellowship until later will also be con
sidered. Detailed regulations and application forms 
can be obtained from the Academic Registrar, 
University of London, at the Senate House, Lon
don, W .C .l, and applications must be received at 
that address not later than April 30, 1947.

MINISTRY OF HEALTH
Blood Transfusion Service 

APPOINTMENT OF TEMPORARY SCIEN
TIFICALLY QUALIFIED OFFICER IN 

THE NORTH-WEST REGION 
The Minister of Health invites applications for 

the undermentioned appointment in the Blood 
Transfusion Service in the North-west Region, with 
headquarters a t the Royal Infirmary, Manchester. 
Candidates are required to hold a scientific degree, 
e.g., B.Sc. or Ph.D., and to have a t least three 
years’ postgraduate experience:

Scientifically Qualified Officer a t a salary of £540 
per annum, plus a consolidated addition of £90 
per annum (men), and £522 per annum plus a 
consolidated addition of £72 per annum (women).

Applications, stating age, qualifications with 
dates, present appointment, if any, and previous 
experience, together with copies of not more than 
three testimonials, should 'be addressed to the 
Regional Establishment Officer, Ministry of Health 
Regional Offices, Sunlight House, Quay Street, 
Manchester, 3, not later than December 21, 1946.

IMPERIAL COLLEGE 
OF TROPICAL AGRICULTURE

Trinidad, British West Indies 
has vacancies for a Senior Lecturer and a Junior 
Lecturer in Animal Husbandry. Applicants should 
possess a degree in science or agriculture or a 
postgraduate agricultural diploma. Postgraduate 
experience in animal husbandry, practical experi
ence in the care of livestock desirable. Duties 
comprise research and lecturing.

Senior Lecturer’s starting salary according to 
qualifications, but in grade £600 by £25 to £650 by 
£50 to £800 (with efficiency bar after £650). Tem
porary cost-of-living bonus £127, superannuation 
under F.S.S.U., house or house allowance, passage 
out and home, and four months’ leave with passage 
every other year. Junior Lecturer’s starting salary 
according to qualifications, but in grade £450 by 
£25 to £575 (efficiency 'bar after £500). Temporary 
cost-of-living bonus approximately £105, house or 
house allowance on reaching salary of £525, pass
ages and leave as for Senior Lecturer above.

Applications to be made by January 20 on form 
obtainable from Secretary, Imperial College of 
Tropical Agriculture, Grand Buildings, Trafalgar 
Square, London, W.C.2. Candidates from over
seas should apply by air-letter giving full particu
lars and naming three referees.

UNIVERSITY COLLEGE OF 
SWANSEA

The Council of the College invites applications 
for the post of Lecturer in Mathematics. Com
mencing salary £575. increasing to £800. per 
annum. Further particulars may be obtained from 
the Registrar. University College, Singleton Park. 
Swansea, by whom applications must be received 
on or before Thursday, December 12, 1946.

SWANSEA EDUCATION 
COMMITTEE

LECTURER IN BIOLOGY
Applications are invited from suitably qualified 

men or women for the post of full-time Lecturer 
in Biology. The duties of the successful applicant 
will be divided between the Swansea Technical 
College and the Swansea Grammar School (boys), 
and he/she will be required to lecture to first-year 
pharmacy and medical students and to teach 
biology at the higher school certificate stage.

Applicants should possess a good honours degree 
in biology with, if possible, subsidiary zoology and 
'botany. Salary, Burnham scale. Further particu
lars and application forms may be obtained from 
me on receipt of a stamped addressed foolscap 
envelope and should be returned not later than 
December 19, 1946.

L. J. DREW,
Education Department, Director of Education.

The Guildhall, Swansea.___________________

BRITISH BROADCASTING 
CORPORATION

Applications are invited from men (British) for 
two senior posts in the Television Section of Re
search Department, based near Oxford in first 
instance. Applicants must be qualified engineers 
or physicists and must have specialized in tele
communications during their university training. 
Experience in practical television problems, to
gether with a sound theoretical knowledge of the 
principles involved, is essential. Preference will be 
given to those who have themselves contributed 
in the field of television research or development. 
Commencing salary will be dependent on qualifi
cations and experience and, subject to favourable 
report, will rise by annual increments, in one case 
to £1,360 per annum and in the other to £1,100 
per annum.

Applications, stating age, qualifications, and ex
perience. should reach the Engineering Establish
ment Officer, Broadcasting House, London, W .l, 
not later than January 8, 1947.
EDUCATION COMMITTEE FOR 

THE COUNTY BOROUGH OF 
BRIGHTON

Brighton Technical College 
Principal:

G. E. Watts, M.A.^ Ph.D., B.Sc., F.R.I.C.
Applications are invited from honours graduates 

in chemistry for the appointment of Lecturer in 
Organic Chemistry. The duties of the post will 
include the teaching of organic chemistry up to 
honours degree standard. The salary will be in 
accordance with the Burnham (technical) award, 
with full allowances for approved research, indus
trial, and teaching experience.

Forms of application, which may be obtained 
from the undersigned, should be returned to the 
Principal, Brighton Technical College, Brighton, 
7, not later than Saturday, December 28, 1946.

F. HERBERT TOYNE,
Education Office, Education Officer.

54, Old Steine, Brighton, 1.________________

CITY OF LEEDS
APPOINTMENT OF CURATOR OF THE 

CITY MUSEUMS
The Corporation invite applications for the 

position of Curator of the City Museums. Candi
dates must have had experience in general museum 
work. The salary scale is £700-£800 per annum, 
plus cost-of-living bonus, which is at present £59 
16s. per annum. The appointment will be subject 
to the provisions of the Local Government Super
annuation Act, 1937, and the passing of a medical 
examination. Canvassing in any form, either 
directly or indirectly, will be a disqualification.

Applications, stating age, education, experience, 
and qualifications, accompanied by copies of two 
recent testimonials, and endorsed “  Curator of 
the City Museums,” must be delivered at my office, 
Room 57, Civic Hall, Leeds, 1, hot later than 
Tuesday, December 31, 1946.

O. A. RADLEY,
Town Clerk.

IMPERIAL AGRICULTURAL 
BUREAUX

SCIENTIFIC ASSISTANT 
Vacancy for science graduate (zoology) for 

bureau literary work. £354 by £18 to £570 inclu
sive. Good knowledge of German desirable. Staff 
are required to join the Federated Superannuation 
System for Universities, under which 5% is de
ducted from salary and 1 0 % added by the bureau, 
the whole 15% being applied to a policy chosen 
'by the employee. All appointments are subject to 
one month’s notice on either side.

Latest date for receiving applications December 
25. Apply Director, Imperial Bureau of Animal 
Health, Veterinary Laboratory, New Haw, Wey- 
bridge, Surrey.

BRADFORD EDUCATION 
COMMITTEE

Technical College, Bradford
Applications are invited for the appointment of 

Assistant Lecturer in Engineering in the College.
Basic salary according to the Burnham scale, 

which is from £300 to £525 per annum. Com
mencing salary according to qualifications and ex
perience. The commencing salary may, subject to 
approval, be increased up to a maximum of ten 
increments of £15 per annum in respect of 
approved service in industry.

Further particulars of the appointment and forms 
of application may be obtained from the Director 
of Education, Town Hall, Bradford, and com
pleted forms should be returned to the Principal 
of the College within two weeks from the date of 
publication of this advertisement.

THOS. BOYCE.
Director of Education.

UNIVERSITY OF BRISTOL
Department of Agriculture and Horticulture, 

Long Ashton, Bristol
Applications are invited for the post of Organic 

Chemist now vacant at Long Ashton Research 
Station. The appointment is in connexion with 
investigations on mineral deficiencies of plants, 
financed by special grants made by the Agricultural 
Research Council.

Commencing salary will vary according to age 
and experience 'between £255 and £470 per annum 
for men, plus consolidated bonus of £78 to £90, 
and for women between £255 and £400, plus con
solidated bonus of £63 to £72, and superannuation 
under the F.S.S.U. Candidates should possess a 
university degree with honours (or equivalent) and 
should have had research experience in organic 
chemistry.

Further particulars may be obtained from the 
undersigned, to whom applications, with copies 
of three recent testimonials, should be addressed 
not later than December 28, 1946.

W INIFRED SHAPLAND,
The University, Secretary and Registrar.

Bristol, 8.

NATAL UNIVERSITY COLLEGE
Applications are invited for the post of Lecturer 

in Chemistry. The appointment will be in the first 
place for a probationary period of one year. Salary 
scale: men, £450 by £25 to £600 ; women, £350 
by £25 to £500. There is a possibility from January 
1, 1947, that this salary will be increased to : men, 
£550 by £25 to £700 ; women, £450 by £25 to £600. 
Current cost-of-living allowance is paid in addition. 
The initial salary will depend on qualifications 
and experience. Membership of the University 
Teachers’ Provident Fund is compulsory. The 
successful applicant will be expected to assume 
duty on March 1, 1947, or as soon thereafter as 
possible.

Further particulars may be obtained from the 
Secretary, Universities Bureau of the British 
Empire, 24, Gordon Square, London, W .C .l.

THE POLYTECHNIC
309, Regent Street, W .l 

Department of Chemistry and Biology
Required as soon as possible, a full-time Teacher 

of Biology to take Botany and Zoology up to 
degree standard. Salary in accordance with the 
Burnham (technical) scale for London, subject to 
the usual deduction o_f 5 per cent for super
annuation.

Further particulars and form of application, 
which must be returned by December 16, may be 
obtained by sending a stamped addressed foolscap 
envelope to the undersigned.

J. C. JONES, 
Director of Education.

THE BRITISH COUNCIL INVITES APPLI- 
cations for the post of Assistant Librarian in the 
Medical Department. Applicants must not exceed 
thirty years of age and should be Fellows or 
Associates of the Library Association or hold the 
Diploma of the School of Librarianship. Previous 
experience in a university or special library pre
ferred. Some knowledge of Spanish and German 
required. Salary within the scale £450-£600, accord
ing to qualifications.

Application forms may be obtained from the 
Director, Appointments Department, the British 
Council, 3, Hanover Street, W .l, and should be 
returned completed within three weeks of the 
appearance of this advertisement.

CHEMIST. AGE 25-35, DEGREE OR EQUIVA- 
lent, required by a London firm of Electrical Com
ponent Manufacturers. Industrial experience, pre
ferably in the electrical industry, essential. Salary 
£400-£500 per annum, according to qualifications. 
Box 776. T. G. Scott & Son, Ltd., 9, Arundel 
Street, London, W.C.2.
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UNIVERSITY OF ABERDEEN
LECTURESHIP IN  STATISTICS

Applications are invited for a Lecturer in Statis
tics. who will take up duty on April 1, 1947, or as 
soon thereafter as may be arranged.

Salary £500-£750, according to qualifications and 
experience. In addition a children’s allowance of 
£50 per annum for the. first child and £40 per 
annum for each subsequent child under 16. or 
while the child is undergoing full-time education, 
is payable.

Applications should reach the Secretary to the 
University (from whom forms of application and 
conditions of appointment may be obtained) not 
later than January 15, 1947.

H. J. BUTCHART,
The University, Secretary.

Aberdeen.________________________________
SIR JOHN CASS TECHNICAL 

INSTITUTE
Jewry Street, London, E.C.3

The Governors invite applications for the post 
of Senior Lecturer in Physics. The work is of 
university standard, and candidates should have 
research qualifications and experience which will 
secure recognition as a Teacher of the University 
of London. Salary in accordance with the Burn
ham (technical) scale for London. The post is 
one for which, a responsibility allowance has been 
recommended. Details and form from the Princi
pal. to whom applications should be sent as soon as 
possible.

CHELSEA POLYTECHNIC
Manresa Road. S.W.3 

Department of Chemistry
The following Courses will be given during the 

Lent Term, 1947:
1. Some Modern Aspects of the Chemistry of 

Oils and Fats, by J. H. Skellon, Ph.D., F.R.I.C. 
Course of six lectures. Fridays, 7.30 p.m., com
mencing January 10, 1947.

2. Waxes. Modern Views on the Chemistry 
and Technology of Waxes, by L. Ivanovzsky. 
Course of five lectures. Fridays, 7.30 p.m., com
mencing February 28, 1947.

Fee for both courses, 20s. Each separate 
course. 10s. Full particulars on application to 
the Principal.___________ . _________________

UNIVERSITY OF MELBOURNE
SENIOR LECTURESHIPS IN CHEMISTRY
Applications are invited for the following 

appointments on the full-time staff:
Senior Lecturer in Organic Chemistry.
Senior Lecturer in Physical Chemistry.
Salary £650-£850 (Australian), plus cost-of- 

living adjustment (at present £48 per annum), sub
ject to provident fund contributions, commencing 
rate according to qualifications and experience. 
Further particulars may be obtained from the 
Secretary, Universities Bureau of the British 
Empire, 24, Gordon Square, London, W .C .l. 
Applications with the required particulars must be 
lodged with the Registrar, University of Melbourne, 
Australia, not later than January 15, 1947.

UNIVERSITY OF MELBOURNE
Applications are iavited for the following 

appointment on the full-time staff:
Senior Lecturer in Zoology.
Salary £650-£850 (Australian), plus cost-of-living 

adjustment (at present £48 per annum), subject to 
provident fund contributions, commencing rate 
according to qualifications and experience. Further 
particulars may be obtained from the Secretary, 
Universities Bureau of the British Empire, 24, 
Gordon Square, London. W .C .l. Applications 
with the required particulars must be lodged with 
the Registrar, University of Melbourne, Australia, 
not later than January 15, 1947.

SUDAN GOVERNMENT
The Sudan Veterinary Service has a vacancy for 

an Entomologist to carry out a survey of the tsetse 
areas of the Southern Sudan and undertake re
search work. Appointment will be on short term 
or provident fund contract for seven years. Salary 
according to qualifications and experience. Further 
particulars and forms of application may be 
obtained from the Sudan Agent in London, Well
ington House, Buckingham Gate, London, S.W .l. 
Mark envelopes “  Veterinary Entomologist.”

SUDAN GOVERNMENT
The Sudan Veterinary Service has a vacancy 

for a Botanist to carry out a survey of the grazing 
areas of the Sudan. Appointment will be on a 
short-term contract for four years with a possi
bility of extension to undertake research work on 
pastures. Salary according to qualifications and 
experience. Further particulars and forms of appli
cation may be obtained from the Sudan Agent in 
London, Wellington House, Buckingham Gate, 
London, S .W .l. Mark envelopes “  Pasture.”

UNIVERSITY COLLEGE OF 
SWANSEA

The Council of the College invites applications 
for the posts of Assistant Lecturer in Mathematics, 
Assistant Lecturer in Physics, and Assistant Lec
turer in Chemistry. Present salary in each case £400 
per annum.

Further particulars concerning the posts may be 
obtained from the Registrar, University College, 
Singleton Park, Swansea, by whom applications 
must be received on or before December 27, 1946.

UNIVERSITY COLLEGE OF 
NORTH WALES

Bangor
Trained Gardener, either sex, required as soon 

as possible for care of Grounds and assistance to 
the Department of Botany. Experience in a botani
cal garden will be an advantage. Salary according 
to experience and qualifications.

F. P. G. HUNTER, 
Bursar.

UNIVERSITY COLLEGE, EXETER
Applications are invited for the post of Lecturer 

or Assistant Lecturer in Mathematics. Candidates 
should have special qualifications in applied mathe
matics or mathematical physics.

Applications must be lodged as soon as possible 
with the Registrar, from whom further particulars 
should be obtained.

UNIVERSITY OF READING
Faculty of Science

Applications are invited for the post of Demon
strator in Physics at a salary of £300 per annum. 
Applications should be received by the Registrar 
not later than December 16, 1946, from whom 
further particulars may be obtained.

APPLICATIONS ARE INVITED FOR POSTS 
in the research laboratory of Messrs. Pilkington 
Brothers, Limited. The laboratory is situated at 
St. Helens, Lancashire, and is concerned with the 
problems of manufacture and use of glass in 
many forms ; there is close association between 
the laboratory and the firm’s works both at St. 
Helens and elsewhere. The research staff deal 
with a wide range of problems involving both 
applied and basic research.

Candidates should have a good honours degree 
or an equivalent qualification in science, mathe
matics, or engineering. There are vacancies as 
follows:

1. Physicists. Candidates should preferably 
have had research experience in one or more of 
the following fields: (a) X-ray crystallography, Ob) 
physical optics, (c) infra-red technique, (d) heat 
transfer, (e) use of scale models, (f) fluid flow. It 
is proposed that one of the successful candidates 
should be primarily a theoretical physicist.

2. Chemists. Experience in one or more of the 
following fields is desirable: (a) spectroscopy, (b) 
physical methods for chemical analysis, (c) chemi
cal thermodynamics, (d) flame and combustion 
problems, (e) clays and refractories.

3. Mathematician. A mathematician is re
quired to apply statistical methods to problems 
in the laboratory and on larger scales, and to 
assist in the framing of experiments. An aptitude 
for applied mathematics would be an additional 
qualification.

4. Research Engineers. Graduates in engineer
ing are required to undertake experimental work 
on mechanical problems and to assist in the de
velopment of experimental equipment.

Applicants should preferably be between the 
ages of 24 and 32, but suitable candidates outside 
these limits will be considered, due allowance 
'being made for war service. Initial salary will 
be in accordance with age, experience, and qualifi
cations. The posts carry superannuation benefits 
under the firm’s scheme.

Applications should be addressed to the Chief 
Personnel Officer, Messrs. Pilkington Brothers, 
Limited, St. Helens, Lancashire.

CHEMISTS REQUIRED FOR LARGE OIL 
refinery in South of England:

(a) Assistant Chief Chemist possessing first- or 
second-class honours degree in chemistry or oil 
engineering. Experience in industry or research an 
advantage, but not essential. Not over forty. Mini
mum starting salary £700 per annum. Reference 
F.1281A.

(b) Chemist possessing honours degree in chemis
try. and preferably with experience of petroleum 
industry, otherwise experience in the coal tar or 
allied industry. Minimum starting salary £550 per 
annum. Reference F.1282A.

Write, quoting appropriate reference, to Ministry 
of Labour and National Service, Technical and 
Scientific Register, Room 572, York House, Kings- 
way, London, W.C.2, for application form, which 
must be returned completed by January 4, 1947.

THE GOVERNMENT OF IRAQ INVITE 
applications from qualified candidates for the 
undermentioned posts. Appointment is for three 
years in the first instance. A high cost-of-living 
allowance of Iraq dinars 288 a year is payable in 
addition to the salaries indicated (I.D .1=£1). Free 
first-class passages. The posts are not pensionable, 
but there is a provident fund.

Associate Professor of Chemistry and Physics, 
Royal College of Medicine, Baghdad. Salary 
I.D . 1,440 a year. Candidates must hold an honours 
degree in chemistry with adequate qualifications in 
physics, and have had teaching experience in a 
medical or pharmacy school. I t is desirable that 
they should be Fellows or Associates of the Royal 
Institute of Chemistry.

Expert in Entomology. Salary I.D . 1,800 a year. 
Candidates must be Ph.D. and have liberal know
ledge of general entomology with wide practical 
experience of economic insect problems, particu
larly biological control. Previous service in a sub
tropical country is desirable.

Entomologist. Salary I.D .1,200 a year. Candi
dates must be Ph.D. or M.Sc. and should be 
capable of undertaking the study and identifica
tion of insects in Northern Iraq and of advising 
regarding means of combating them.

Soil Technologist. Salary I.D. 1,200 a year. 
Candidates must hold a university degree in science 
or an equivalent qualification and have good 
scientific knowledge and practical experience of 
problems of soil fertility, use of fertilisers, and soil 
analyses, especially analyses relating to salts. 
Apply at once 'by letter, stating age, whether 
married or single, and full particulars of qualifi
cations and experience and mentioning this pap«;i;, 
to the Crown Agents for the Colonies, 4, Mill- 
bank, London, S.W .l, quoting M /N /13724 on 
both letter and envelope.______________________

APPLICATIONS ARE INVITED FOR THE 
following temporary appointments in the Ministry 
of Supply a t the Guided Projectiles Establishment, 
Westcott, Berks. Candidates should be between 
the age of 19 and 45 years on December 1, 1946.

(i) Experimental Officers for abstracting and 
indexing of scientific and technical papers and 
reports. Candidates should have qualifications in 
(a) mechanical engineering, (b) electrical engineer
ing. including radio, or (c) mathematics, including 
preferably aerodynamics. A knowledge of German 
is desirable.

(ii) Assistant Experimental Officer to assist in 
a technical library. Candidates should have techni
cal qualifications, preferably in engineering or 
physics. Some experience of technical library work 
is desirable, whilst a knowledge of German and/ 
or French would be an advantage.

Salary will be according to age and experience, 
within the following inclusive ranges: Experi
mental Officers, £452-£610 (men) and £354-£492 
(women) ; Assistant Experimental Officer, £195- 
£398 (men), £195-£323 (women).

Forms of application may be obtained from 
the Director of Scientific and Technical Adminis
tration (D), Room 27, Ivybridge House, Adam 
Street, Strand, London, W.C.2, to whom com
pleted forms must be returned within twenty-one 
days from the date of this advertisement, quoting 
vacancy No. D .l/46 .__________________________

APPLICATIONS ARE INVITED FOR THE 
post of Assistant in Anatomy (with medical quali
fications) for Cape Town University. Some ex
perience of teaching and working at anatomy and 
an interest in the scientific side of anatomy are 
essential, one who wishes to become an anatomist 
with a reasonable tenure of office. Salary scale £500 
by £50 to £650 per annum, plus a temporary cost- 
of-living allowance, at present for a married man 
£75 per annum (and £12 per annum for each 
child under 18 years), for an unmarried officer 
£44 per annum.

Written applications (in duplicate, with copies 
of testimonials), giving date of birth, full details 
of qualifications and experience, and of posts held 
including dates, should be addressed to the 
Appointments Officer, Ministry of Labour and 
National Service, quoting reference No. F.A. 1083 
(from whom a memorandum giving the conditions 
of appointment is obtainable), by December 23. 
Only candidates selected for interview will be 
advised.

FIRM  IN N.W . LONDON SPECIALIZING 
in the manufacture of industrial instruments and 
controls requires Assistants for its engineering and 
hydraulic laboratories. Candidates for either 
laboratory should have a degree in physics or 
engineering or equivalent qualification, and appli
cants for a position in the hydraulic laboratory 
should have sound knowledge of hydraulics and 
flow measurement. Applications, stating age, ex
perience, and salary required, should be addressed 
to Box 775, T. G. Scott & Son, Ltd., 9, Arundel 
Street, London, W.C.2.

(Continued on page ccviii)
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Announcing a NEW  RANGE of

E M B O D Y I N G
ELECTRONIC
P R I N C I  P L E S

with 12-inch circular or 8-inch wide continuous strip chart

SINGLE or MULTIPOINT RECORDING, INDICATING, or COMBINED INDICATING and RECORDING 
For TEMPERATURE, pH, SPECTROMETRY, and any application involving measurement of small e.m.f.

In these new potentiometrically balanced recorders the usual 
galvanometer system is replaced by a compact electronic detecting 

and balancing unit, rendering them exceptionally

SENSITIVE ACCURATE ROBUST
RAPID in OPERATION

O UR LIST 274-N deals with instruments working on this principle

CAMBRIDGE INSTRUMENT COMPANY LIMITED,
15 GRO SVEN O R PLACE LO N D O N  S W . I

WORKS : LONDON AND CAMBRIDGE

RECENT PUBLICATIONS

Carnegie Institution of Washington
W ASHINGTON 5, D.C.

Pub . No.

557 Contributions to Embryology, Vol. X X X I, 
Nos. 198 to 206. Quarto, xi +  175 pages, 45 
plates, 28 figures. (1945.) Paper, §4.50; 
cloth, $5.00.

563 M c K e e , E d w in  D., and Ch a r l e s  E. R e s s e r . 
Cambrian History’ o£ the Grand Canyon 
Region. Part I. Stratigraphy and Ecology of 
the Grand Canyon Cambrian. Part II. 
Cambrian Fossils of the Grand Canyon. 
Octavo, v iii+ 232  pages, 27 plates, 12 figures. 
(1945.) Paper, $2.50 ; cloth, $3.00.

567 O ’N e a l e , L il a  M., with drawings by 
L u c r e t ia  N e l s o n . Textiles of Highland 
Guatemala. Quarto, 320 pages of text, 130 
pages of illustrations. (1946.) Paper, $5.00 ; 
cloth, $5.50.

568 T o r r e s o n , O. W ., O. H. G is h , W. C. P a r k in 
so n , G. R. W a it . Ocean Atmospheric-Electric
Results. Oceanography—III. Scientific Re
sults of Cruise V II of the CARN EGIE during 
1928-1929 under Command of Captain J .  P. 
Ault. Quarto, vii +  178 pages, 17  figures. 
(1946.) Paper, $2.25; cloth,$2.75.

The Carnegie Institution of Washington, Washington 5 , D.C., 
has published some 850 volumes covering the wide range of its 
researches. Orders may be placed direct or through regular dealers. 
Advise subjects in which you are interested, and catalogue will be 
sent upon request.

LENDING LIBRARY
S C IE N T IF IC , T E C H N IC A L , M E D IC A L

Annual Subscription from O N E G U IN EA
PROSPECTUS POST FREE ON REQUEST

THE LIBRARY CATALOGUE containing classified index 
of Authors and Subjects. Revised to December, 1943. To sub
scribers 12s. 6d. net. To non-subscribers 25s. net., postage 8d.

H. K. LEW IS & Co. Lid.
136 G O W ER STREET, LONDON, W .C .I

Telephone : EUSton 4282 (5 lines)

T H E  Q U A R T E R L Y  J O U R N A L  

O F  M IC R O S C O P IC A L  S C IE N C E

Dr C. F. A. Pantin, F.R.S., and Dr John R. Baker 
have been appointed Editors in succession to the late 
Professor E. S. Goodrich, F.R.S. Contributions on 
micro-anatomy and on cellular biology—especially 
histochemistry and cytochemistry — should be 
addressed to the Editors, Q. J.M.S., and directed to

Dr C. F. A. PANTIN
Zoological Laboratory, The University, Cambridge.

PRINTED IN  GREAT BRITAIN BY FISHER, KNIGHT AND CO., LTD., ST. ALBANS



829No. 4023 December 7, 1946 N A T U R E

LETTERS TO THE EDITORS
The Editors do not hold themselves responsible
for opinions expressed by their correspondents.
N o notice is taken of anonymous communications

G. B. Airy and the Discovery of Neptune
T he  account by  Prof. W . M. Sm art o f the discovery 

of N eptune, of which a sum m ary was published in 
Nature for Novem ber 9, depicts the  p a r t  played by 
G. B. A iry, the  Astronom er Royal, in  a  m ost un favour
able light. He describes the  trea tm en t of Adams by 
Airy as “unbecoming to  the  leading astronom er of his 
generation” . Prof. S m art’s verdict is not, in  m y 
opinion, justified, and I  feel th a t, for the sake of 
historical accuracy, a  reply is needed.

In  judging A iry’s actions, i t  is necessary to  
remember the  trem endous load of w ork which he 
carried. Besides attending  to  all the details o f the 
work of th e  Royal O bservatory, he m aintained an 
extensive correspondence w ith  astronom ers in  all 
parts  of the  world and was consulted on a great 
variety  of general scientific questions outside the 
range of his s tr ic t official duties. No m an could have 
been more meticulous in replying prom ptly  to  all 
letters and  inquiries. An exam ination of A iry’s day 
book shows th a t  in th e  period covered by the investi
gations of Adams, A iry visited  France for the purpose 
of examining and reporting upon the  design and 
construction of the  breakw ater a t  Cherbourg ; he 
went to  Y ork to  see experiments on the running of 
engines ; he visited Portsm outh  to  inquire into and 
report upon th e  defects of the  engines of H.M.S. 
Janus ; he was occupied w ith th e  T idal H arbour 
Commission and he was frequently called to  London 
for m eetings of the Railw ay Gauge Commission, the 
d raft report o f which he prepared.

Airy first learnt th a t  Adams was working on the 
theory of U ranus from  Prof. Challis, who w rote to  
Airy in  February  1844 asking for the  errors of 
longitude of U ranus, as indicated by the  Greenwich 
observations, for th e  years 1818-26. A iry by  re tu rn  
of post sent th e  Greenwich d a ta  no t merely for those 
years, b u t also for the  whole period 1754-1830, 
data  invaluable for the  purpose of the  investigation.

Adams twice called a t  Greenwich in  th e  course of 
his investigations in  the  hope of seeing the Astronom er 
Royal and discussing the  results he had  obtained. I t  
would have been a  m a tte r o f ordinary courtesy for a 
young m an like Adams, personally unknown to  the 
Astronomer Royal, to  have w ritten  and asked for an 
.appointm ent, b u t Adams on each occasion called 
w ithout any previous notice. On the  first occasion, 
towards the  end of September 1845, Adams called a t  
Greenwich and  le ft a  le tte r  o f introduction from 
Challis ; A iiy  was then  in France on th e  Cherbourg 
breakwater investigation. Im m ediately on his return , 
he w rote to  Challis and said : “would you m ention 
to Mr. Adams th a t I  am  very m uch interested w ith 
the subject of his investigations, and th a t  I  shall be 
delighted to  hear o f them  by le tte r  from  h im ” . This 
le tte r should surely have encouraged Adams to  write. 
On the  second occasion, on October 21, 1845, A iry 
was in  London attending  a  m eeting of th e  Railw ay 
Gauge Commission. Adams left his card and said 
th a t he would call la ter. The card was taken  to  Mrs. 
Airy, b u t the  message was no t given to  her. W hen 
Adams m ade his second call, he was informed th a t 
the A stronom er Royal was a t  dinner ; there was no 
message for him  and he w ent aw ay feeling mortified.

This v isit is n o t m entioned in  A iry’s day-book, and 
it  is clear from  A iry’s p rivate correspondence th a t  he 
was not to ld  either of A dam s’ in ten tion  to  call again 
or of his second call. I t  m ay also be m entioned th a t  
th is v isit o f Adams was m ade a few days before Mrs. 
A iry gave b irth  to  a son, Osmund.

Adams left a t  the  O bservatory a paper w ith  a 
sum m ary o f his results, and a com parison between the 
observed longitudes of U ranus and those com puted 
from  his theory. On Novem ber 5, A iry w rote to 
Adams pu ttin g  his famous query abou t the  errors of 
the radius vector of Uranus. Adams never replied 
to  th is  le tter. In  a la te r le tte r  to  A iry of Novem ber 18, 
1846, he sta ted  how deeply he regretted  his neglect 
and  m entioned th a t  he had  always experienced a 
strange difficulty in  w riting le tters. B u t to  a m an so 
m ethodical and precise as Airy, i t  was a  barrier to  
any  fu rther com m unication. As A iry afterw ards 
w rote to  Challis, “I t  was clearly impossible for m e to  
w rite to  him  again” . This is why A dam s’ sta tem en t 
remained, in Prof. S m art’s words, “in  A iry’s pocket 
for eight m onths” .

Prof. Sm art seems to  regard A iry’s query as triv ial. 
A iry was, of course, th inking of the  possibility th a t  
pertu rbation  by an unknown p lanet m ight no t be the 
only possible cause of the  irregularities in  the  m otion 
of U ranus. H is views were clearly expressed in  a 
le tte r  to  Challis (December 21, 1846). “There were 
two things to  be explained, which m ight have 
existed each independently of the  other, and of which 
one could be ascertained independently of the  o ther : 
viz. error o f longitude and  error of radius vector. 
A nd there is no a priori reason for th ink ing  th a t  a 
hypothesis which will explain the  error of longitude 
will also explain the  error o f radius vector. If, afte r 
Adams had  satisfactorily  explained th e  error o f 
longitude he had  (with the  num erical values of the 
elements of th e  two p lanets so found) converted his 
form ula for pertu rbation  of radius vector into 
num bers, and  if these num bers had  been discordant 
w ith  th e  observed num bers of discordances of radius 
vector, then  th e  theory  would have been false, not 
from  any  error of A dam s’ b u t from  a failure in the 
law of grav itation . On th is  question therefore tu rned  
the  continuance or fall o f the  law of g rav ita tion .”

Prof. S m art m entions th a t  even so la te  as 1844 
A iry regarded as possible th a t  g rav itation  m ight not 
be exactly  according to  th e  inverse square of the 
distance. I t  is perhaps well to  recall th a t, fifty  years 
la ter, the  same suggestion was seriously exam ined by 
Simon Newcomb and  other em inent astronom ers in 
the  endeavour to  explain the  anom aly in the  m otion 
of th e  perihelion of Mercury.

I t  is also sta ted  th a t  tow ards the  end of June  1846 
Le Verrier applied to  A iry for assistance in  the  search 
for the  planet, and th a t  th is  request for p ractical aid  
passed unheeded. W hat were the  facts ? A iry had 
w ritten  to  Le Verrier p u ttin g  to  him  the  query abou t 
the errors of radius vector which he had  previously 
p u t to  Adams, and had  a t  once received a 
satisfactory  reply. The assurance th a t the hypo
thesis of an  unknown p lanet accounted for the  
errors of bo th  longitude and radius vector 
of U ranus had  convinced him  of the  reality  
o f the  p lan e t’s existence. H e considered th a t  the 
telescopes a t  Greenwich were probably  of insufficient 
size to  detect the p lanet and th a t  th e  N orthum berland 
telescope a t  the  Cambridge O bservatory was the  m ost 
suitable for th e  purpose of th e  search. H e therefore 
w rote to  Challis on Ju ly  9, 1846, inquiring w hether he 
could undertake the  search and, if  no t, w hether he
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would superintend the  exam ination if  A iry supplied 
him  w ith  an  assistan t from  Greenwich for the  purpose. 
H e concluded by  saying, “The tim e for the  said 
exam ination is approaching n ea r” .

W hen Challis inform ed A iry th a t  he would under
take the search, A iry drew up as a guidance for Challis 
his “Suggestions for the exam ination of a portion  of 
th e  Heavens in  search of the  external p lanet which is 
presum ed to  exist and to  produce disturbances in the  
m otion of U ranus” (dated Ju ly  12, 1846). In  sending 
th is  paper to  Challis he wrote, “ I  only add a t  present 
th a t, in  m y opinion, the  im portance of th is inquiry 
exceeds th a t of any  current work, which is o f such a 
natu re  as n o t to  be to ta lly  lost by  delay” . A iry 
could n o t have done more to  fu rthe r the  search and 
to  impress upon Challis its urgency. There is 
little  doub t th a t  if  the  search had  been carried 
ou t by  an  assistan t from  Greenwich, the  p lanet 
would have been found, for i t  was an  essential p a r t 
o f A iry’s system  th a t  reduction of observations 
proceeded pari passu  w ith  the  observations them 
selves.

As regards the  ac tua l researches of Adams and 
Le Verrier, full abstracts  of Le V errier’s investigations 
had  been published in  the  Gomptes rendus, b u t neither 
A iry  no r Challis had  received anyth ing  from  Adams 
beyond the  bare sum m ary of his results ; they  knew 
nothing of the m ethods he had  employed.

A fter the  discovery of the  p lanet by  Galle a t  Berlin, 
A iry w rote to  Le Verrier and  inform ed h im  th a t 
collateral researches, which had  led to  the  same result 
as his own, had  been m ade in  England, and th a t  they  
had  been known to  him  earlier th a n  those of Le 
Verrier. H is “Account of some circumstances 
historically connected w ith  the  discovery of the 
p lanet exterior to  U ranus” presented to  th e  Royal 
A stronom ical Society on Novem ber 13, 1846, le ft no 
doubt about th e  p rio rity  o f the  researches of Adams. 
In  a  le tte r  o f la te r date  to  B iot, A iry wrote, “I  believe 
I  have done more th a n  any  other person to  place 
Adams in  his proper position” .

Prof. Sm art agrees th a t the  contem porary criticism 
of A iry, m ade in  ignorance of m any of the  facts, was 
on some points unfair and  unjustifiable. In  m y 
opinion, his verdict th a t  A iry’s trea tm en t of Adams 
was unbecoming is equally unjustifiable.

H . Spen ces  Jones
R oyal Observatory,

Greenwich,
London, S.E.10.

T he  A stronom er R oyal does n o t see eye to  eye 
w ith  me in  m y judgm ent o f A iry, in connexion w ith  
th e  N eptune controversy, as expressed in  m y article 
in Nature  for Novem ber 9. This article, which was 
w ritten  in  response to  an  ed ito rial request, was a 
sum m ary of the  two addresses— dealing w ith  different 
aspects o f th e  discovery o f N eptune—which I  gave a t  
th e  centenary com m em oration on O ctober 8 ; these 
addresses were them selves a sum m ary of a fairly  long 
‘essay’ (if I  m ay  call i t  so) w ritten  a t  the  inv ita tion  of 
th e  Council o f th e  R oyal A stronom ical Society and 
accepted, as I  understand , by  the  Council for eventual 
d istribu tion  to  th e  fellows in one of the  Society’s 
publications. The ‘essay’ is a  h istorical s tudy  of 
events o f a cen tury  ago, and  I  was very  conscious 
th roughout its  p repara tion  th a t  I  m ust follow the  
m ethods of the  h isto rian  as efficiently as I  knew how. 
The job of the  h isto rian , as I  see i t ,  is to  elicit facts, 
to  present these in proper form , an d  to  p a in t as

accurate an d  com plete a p ic ture as possible. The 
‘essay’ was accordingly bu ilt up  on a very  large 
am ount of historical docum ents—I  explain in the  
‘essay’ how m any of these became available, for the 
first tim e, for a s tudy  of the  N eptune controversy, 
in  which Sir H aro ld ’s g rea t predecessor was in m any 
ways the  dom inant figure.

All th is , i t  seems to  me, m ust be said before one 
tu rn s  to  th e  criticism  of the  A stronom er Royal. Sir 
H aro ld ’s argum ents, when docum entary evidence is 
invoked, are based on A iry ’s le tte rs alone. Most of 
his quotations will also be found in m y ‘essay’, if—in 
one or two instances—n o t as d irect quotations then  
as transcrip tions of them . There is no suggestion 
in  m y article  or ‘essay’ th a t  A iry was to  blam e for 
A dam s’s failure to  see the  form er on th e  occasion of 
his abortive v isit to  the  R oyal O bservatory in  October 
1945—it was far otherwise— and  as to  th e  fam ous 
query abou t th e  ‘radius v ec to r’, Adams never failed 
to  reproach him self for n o t replying to  Airy, although 
he was convinced th a t  the  m a tte r  was ‘tr iv ia l’, an 
opinion shared a t  th e  tim e by  Challis.

The m ain questions are : W hy did A iry claim  to  
know th e  whole h isto ry  o f th e  business ? W hy did 
he declare unam biguously th a t  Le Verrier m ust be 
regarded as th e  real ‘p red ic ter’ of th e  p lanet ? W hy 
did he affirm th a t  there was no one (in England) in 
com petition, as regards scientific insight, w ith  Le 
Verrier, etc. ?

I t  is to  be rem arked th a t  A iry ’s correspondence 
w ith  Le Verrier was understood by him  to  be ‘p riv a te ’, 
and he was exceedingly indignant—and  ju s tly  so— 
when his le tte rs  were published in  th e  F rench  press 
w ithout his sanction being even asked. L ater, Airy 
described Adams as his ‘oracle’ in  all m a tte rs  relating 
to  lunar and  p lan e ta ry  theory  ; b u t th is  has nothing 
to  do w ith th e  N eptune controversy as a historical 
episode. A iry was un ju stly  criticized on m any points, 
as the  Sedgwick correspondence, m akes abundantly  
clear, and  as I  hope m y article and  ‘essay’ dem onstrate.

A ny judgm ent on A iry ’s actions m ust be based, 
no t on his le tte rs alone, b u t on th e  whole corpus of 
contem porary docum ents. I  do n o t claim  th a t  m y 
‘essay’ is th e  last w ord on th e  subject, b u t I  do claim 
th a t,  w hatever its  fau lts m ay be, i t  was w ritten  as a 
purely historical s tu d y  w ith  all the  im plications th a t  
th is  description suggests.

W . M. Smaht
U niversity  O bservatory,

Glasgow.

Elastic Constants of Ice
E xper im en ts  on th e  therm al scattering  of X -rays 

by  ice crystals, m ade by  Dr. K . Lonsdale, have 
revealed an  interesting p a tte rn  consisting of strong 
diffuse bands which ex tend  along th e  boundary  of 
the second and th ird  B rillouin zone, and to  a lesser 
degree between th e  fo u rth  and  fifth  zone. An ex
planation of th is  behaviour in  term s of atom ic 
v ibrations seems scarcely possible. A nother feature 
of ice difficult to  explain w ith th e  help of vibrations 
is the R am an effect. A figure representing the  Ram an 
scattering of ice according to  Cross, B urnham  and 
Leighton1 is reproduced herewith. O ther experiments 
m ade by  H ibben2 agree w ith  these in  all essential 
features. One sees th a t  there are two small peaks 
a t  about 200 and  600 cm.-1, and an  enormous hum p 
between 3,000 and 3,600 cm.-1. Cross, B urnham  and 
Leighton try  to  explain th is  hum p as a superposition
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B am an effect of ice a t  0° C., produced by  the  Hg line 2536'52 A.,
according to Cross, B urnham  and  Leighton. There is no B anian
line in  the gap between 800 and  2900 cm .- 1  which separates the 

two diagrams

of a  g reat num ber of frequencies due to  different 
‘states o f  co-ordination’ of hydrogen bonds ; b u t 
this assum ption seems to  be com pletely a rb itra ry , 
and I  doubt w hether even th e  order of m agnitude 
of the range of frequencies can be explained in  th is 
way.

In  order to  clear up  these two rem arkable observa
tions, I  have asked m y collaborator, Miss A. H . A. 
Penny, to  m ake a system atic investigation of the 
vibrations of th e  ice la ttice. The position of the 
oxygen nuclei is well known and  corresponds to  a 
tridym ite la ttice. The hydrogens are situated  some
where between the  oxygens, b u t in  such a  w ay th a t  
two of them  are always near one oxygen atom , form 
ing w ith th is  oxygen a w ater molecule. In  order to  
correlate the  frequencies w ith  the elastic properties of 
ice, we first m ade the  simplifying assum ption th a t 
the hydrogen atom s are in  the  centre of the  line 
connecting two oxygens. I f  the forces are considered 
effective only between nex t neighbours, one can 
show by  group theoretical considerations th a t  there 
are six independent atom ic constants. We have 
further simplified the  elastic theory by  the  assum ption 
th a t the  hydrogen atom s surrounding an  oxygen atom  
form a regular tetrahedron. Then one can show 
either by  group theoretical considerations or by 
using an  explicit force law between nex t neighbours 
th a t there are two atom ic constants left. The num ber 
of elastic constants for a hexagonal crystal is five. 
Therefore there m ust be three relations between 
them . They are too com plicated to  be reproduced 
here. W e have tried  to  determ ine the  elastic con
stants num erically, using th e  scarce and doubtful 
measurem ents on polycrystal ice available3. The 
Poisson ratio  seems to  be the  best known. We took 
[x =  0-37 ±  0-01. The m odulus of rig id ity  can be 
taken w ith  some confidence to  be N  =  1 - 0 (±  0-1) X 
1010 dynes/cm .2 radian . Strangely enough, the 
measurements o f the  com pressibility are con tra
dictory. A t 0° C., i t  seems to  be in the  neighbourhood 
of 3-0 x 10- 1 1  cm .2/dynes.

We have used th e  formulas given by V oigt4 for th e  
average values of an  isotropic m ix ture of hexagonal

crystals. In  th is  way we could calculate our two 
atom ic constants from  two of the measured quantities 
m entioned above, and we found the  th ird  in  reason
able agreement. W ith  these constants we found the 
following values of the  tru e  elastic constant's o f the 
single crystal : C n  =  4-92, C 12 =  2-95, C =  2-67, 
O33 =  5'20, Oti  =  0-88. Bach constant is m u lti
plied by  10l° and m easured in  dynes/cm .2. We 
suggest th a t  accurate m easurem ents w ith  supersonics 
ought to  be m ade on ice m onocrystals using a  m ethod 
like th a t o f B hagavantam  and  his pupils5 in  order 
to  check these values.

Accepting the  two atom ic constants, W e can now 
calculate the  first-order R am an effect. W e find two 
frequencies vx =  172, v2 =  718 cm .- 1  which agree 
fairly  well w ith  the  two sm all peaks visible in  the 
diagram . I t  seems, therefore, th a t  these correspond 
to  the  elastic reaction of the  la ttice  calculated by 
replacing the  real positions of the  hydrogen atom s 
by Active m ean positions.

I  do n o t th ink  th a t  a  broad hum p like th a t  revealed 
by the  experim ents can be explained by  small v ib ra
tions a t  all, and  I  suggest the  following explanation. 
The hydrogen atom s exchange the ir positions by 
finite jum ps from  the  neighbourhood of one oxygen 
atom  to  th a t  o f another, in  such a  w ay th a t  there 
are always two hydrogen atom s near an  oxygen 
atom . One can express th e  same assum ption also 
by  saying th a t  the  w ater molecules jum p from  one of 
th e  six orientations available in  each la ttice point 
to  another. I  have succeeded in  showing th a t  finite 
transitions o f th is kind produce a continuous X -ray 
p a tte rn  depending on tem perature. I t  is essentially 
determ ined by  th e  correlation coefficient o f the 
orientation of two neighbouring w ater molecules. I t  
is probable th a t  th is  explanation will also account 
for the  broad R am an band. Investigations on th is 
question are in  progress.

M a x  B orn

D epartm ent o f M athem atical Physics,
U niversity of Edinburgh.

Nov. 4.
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Use of the Electrolytic Tank for 
Magnetic Problems

I t  is well known th a t  a  convenient m ethod for 
obtaining the  solution of problems of potential theory 
is to  m ake a  model in a w ater ta n k  in  which the  
equipotentials of the  real problem  are represented by 
equipotentials, conductors by  conductors and field 
in tensity  by current density. Charges, th a t  is sources 
in  the  real field, are represented in  the  model by  
sources of current, nam ely, electrodes. This model is 
satisfactory  for any problems involving a vortex-free, 
b u t n o t necessarily source-free, field.

I f  th e  problem  is th a t  o f th e  m agnetic field p ro 
duced by conductors carrying currents, we have a 
source-free, b u t n o t vortex-free, field. In  th is  case 
lines o f force will in  general be closed circuits, and 
th e  direct representation  of th is  in  the  model, as 
sta ted , is evidently  impossible.
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I t  does n o t seem to  be generally known th a t, for 
two-dimensional problems, a  convenient procedure 
is to  use th e  conjugate problem , in  which th e  roles of 
lines o f force and  equipotentials are interchanged. This 
leads to  a model in  which the  lines o f force of the 
real problem are represented by equipotentials, iron 
(if idealized to  have infinite perm eability) by  an 
insulating substance and  conductors carrying a cu r
ren t a t  righ t angles to  th e  plane of the  problem , by 
electrodes. I f  the n e t current in th e  real problem  
is n o t zero, the  n e t curren t from  all electrodes in  the 
model is unequal to  zero, and the excess should flow 
to  or from  infinity. In  practice, i t  is sufficient to  
m ake th e  sides of the  tan k  conducting, and  use them  
as an  ex tra  electrode if  the  ta n k  is o f generous 
dimensions.

I f  the  conductors in the  real problem  are of finite 
cross-section, w ith a continuous current d istribution , 
an  approxim ation is necessary, using in  the model a 
num ber of fine wires as electrodes, ad justing  either 
the  d istribu tion  of th e  wires or the current supplied 
to  each of them . The spacing of th e  wires should be 
small enough to  ensure th a t  th e  error introduced by 
the discontinuous d istribu tion  is no t excessive. This 
error can be estim ated by  calculation, or by  rep ea t
ing the  model experim ent w ith  a  larger spacing, say, 
leaving ou t every second wire.

The d iam eter o f the  wires m ust be reasonably 
small, so th a t  the d isto rtion  o f the  field by  the 
images formed in  them  becomes negligible.

This note arises from  an  interesting discussion w ith 
Mr. K . J .  R . W ilkinson, o f the B ritish  Thomson- 
H ouston Co., L td ., and  Mr. J .  S. Gooden.

R . E . P e i e r l s

D epartm ent of M athem atical Physics,
U niversity, Birm ingham .

Nov. 6.

Disintegration of Magnesium and 
Aluminium by Deuterons

T h e  nuclear masses of th e  elements between neon 
and silicon in th e  Periodic Table are known w ith  
m uch less accuracy th a n  those of lighter elements. 
In  order to  check th e  values given in th e  m ost 
recen tly  published tab les1, we have studied  the 
emission of protons from  m agnesium and  alum inium  
under deuteron bom bardm ent a t  900 kV. The p ro 
tons were observed a t  r igh t angles to  the  deuteron 
beam  : th e  experim ental technique employed has 
already been described2.

The pro ton  groups obtained from  magnesium 
ta rge ts are shown in Fig. 1. No search was m ade for 
groups of range less th a n  16 cm. because of the  pres
ence of strong contam ination groups. W e a ttr ib u te  
Groups I, I I  and  V I of Fig. 1 (mean ranges 15-8, 
21-5 and approxim ately 52 cm.) to  deuterium , 
nitrogen and  carbon contam ination respectively, 
since they  appeared w ith  blank ta rge ts and  have 
the  ranges to  be expected from  th e  reactions 
2D(d,p)2H , 14N(d,p)16N and  13C(d,p)14C. Groups I I I ,  
IV  and  V, o f m ean ranges 30-85, 35-4 and  42-2 cm., 
appear to  come from  magnesium, and  m ight arise 
from  any  of the  th ree  isotopes. The ranges to  
be expected from  th e  published mass values are : 
a4Mg(d,p)25Mg, 37 cm. ; 25Mg(d,p)26Mg, 121 cm. ;
20Mg(d,p)27Mg, 29 cm. I t  therefore appears plausible 
to  assign Group IV  to  th e  reaction  24Mg(d,p)25Mg, 
and  Group I I I  to  26Mg(d,p)27Mg. W e have checked 
th a t  magnesium  ta rge ts a fte r bom bardm ent show

— i--------- 1---------- 1----------1----------1____
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Range (cm.)
F i g .  1. P r o t o n s  p r o m  m a g n e s i u m  (900 kV.)

Fig. 2. P rotons prom a l u m i n i u m  (900 kV.)

the  10-minute fk-activity  characteristic of 27M g 4, 
and th a t  the  am ount of ac tiv ity  is in rough agree
m ent w ith  th a t to  be expected from  th e  num ber of 
protons in Group I I I .  On these assum ptions, Group V 
cannot arise from  either 24Mg or 26Mg. W e have made 
an  unsuccessful search ou t to  130 cm. for any  other 
p ro ton  group which m ight be allocated to  th e  reaction 
26Mg(d,p)26Mg, and  therefore m ake th e  ten ta tive  
assum ption th a t  Group V arises from  th is  reaction, 
b u t th a t  the  26Mg nucleus is form ed in  an  excited 
s ta te , w ith  energy some 5 MeV. above th e  ground- 
s ta te . Groups corresponding to  excited sta tes a t 
1-85 and  3-00 MeV., as reported  by  P ollard5, were 
n o t detected.

Our results on the  d isintegration of magnesium by 
deuterons m ay be sum m arized as follows :

Mean range of protons (cm.)
(deuteron energy 900 kV.) Q-Value 

(MeV.)
24Mg(<Z,3?)25Mg 35-4 ±  0-4 4-49 ±  0-05
25Mg(d,39)26Mg* 42-2 ±  0-4 5-05 ±  0-05
26Mg(rf,p)27Mg 30-85 ±  0-4 4-08 ±  0-05

Fig. 2 shows th e  p ro ton  groups obtained from 
alum inium  under deuteron bom bardm ent. H ere only 
one isotope is involved, an d  th e  groups presum ably 
all arise in  th e  reaction  27Al(d,p)28Al. The mean 
ranges (for deuteron energy 900 kV.) and  Q-values
are :

23-4 ± 0 - 4  cm. 
35-7 ± 0 - 4  cm. 
48-0 ± 0 - 5  cm.

— 3-34 i  0-05 M eV .\ u  i states 
=  4-49 ±  0-05 M e V ./cxclteclstates 
=  5 -49 ±  0 -06 MeV. ground-state

These values are in rough agreem ent w ith  those found 
by  o ther w orkers6’7.

W e have a ttem p ted  to  use our results to  build  up 
a set of m ass values for the  elements between neon 
an d  silicon, by  th e  procedure of Livingston and 
B ethe3. The m ethod is based on th e  following 
sequence of reactions :
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(a) “3Na(d,a)31Ne Q =  6-75 ±  0-1 MeV.8

(b) !sNa(d!,j))3*Na Q =  4-76 ±  0-1 MeV.8

(c) 3,N a^+ y3,Mg Q =  5-53 ±  0-22 MeV.9

W !*Mg(a,j))37Al Q =  -  1 -8 MeV.3-1

(«) >7Al(d,j>)“ Al Q =  5*50 ±  0-06 MeV.

(f) 2»Ai^+r»»si Q =  5*03 ±" 0-23 MeV.11

From  the  m ost recent Q-values, given above, the  
change in m ass defect between 21Ne and  28Si is found 
to be (15-1 ±  0-5) X 10-3 m ass un its , w hereas th e  
mass spectrograph values quoted by A ston 12 give 
(13-1 ±  0-7) x 10~3 m ass un its . The difference m ay 
be due to  errors d istribu ted  among the  Q-values of 
all the above reactions, although those m ost open to  
doubt appear to  be (d ) and  (/).

H .  R .  A l l a n  
C . A .  C l a v i e r

Cavendish L aboratory,
Cambridge.

Nov. 11.
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Rate of Spread of Discharge Along the 
W ire of a Geiger Counter

I n  1939, one of u s 1 m ade a  determ ination of the 
half-life of thorium  C' as 2 X 10-7 sec., using a 
coincidence technique w ith variable resolving tim e. 
I t  was found, however, th a t  delays were occurring 
in the  system  of the  same order o f m agnitude, and 
these could only be a ttr ib u ted  to  the  Geiger counters. 
The outbreak of w ar prevented any fu rthe r w ork 
un til now ; b u t in  the  m eantim e there have been 
published several im portan t papers on the  subject 
of Geiger counters2’3-4. In  particu lar, S tever5 observed 
th a t a small bead on th e  wire of a self-quenching 
counter prevented  the  discharge spreading down the 
wire, and reported  th a t  Brode had  shown th a t  the 
discharge did n o t trave l instantaneously.

I t  was decided to  redeterm ine the  period of thorium  
C' and a t  the  same tim e m ake an investigation of 
the delays in  self-quenching counters. R andom  
delays in  counters have usually been a ttr ib u ted  either 
to the  tim e of build-up on the  Townsend avalanche 
or to  the  tim e taken  for the electron produced by  the 
initial ionization to  travel to  the intense field around 
the counter wire. If, however, the  tim e taken  for 
the discharge to  travel down th e  wire is considerable 
compared to  th e  tim e intervals under consideration, 
we would expect th e  ra te  of build-up of charge on 
the counter wire to  depend upon w hether th e  d is
charge spreads from  one end of the  counter, or spreads

in bo th  directions from  some place in the  middle of 
the  wire.

Three sets o f experim ents were m ade by a com 
bination  of delay line and  coincidence techniques, 
thereby avoiding the  use of extrem ely narrow  pulses 
and separating the  effects o f random  delays from  
those of fixed delays occurring in  one arm  w ith respect 
to  the  other. F irs t, observations were m ade on J3-y 
coincidences from  a source where there was no reason 
to  expect a  Y-ray  life-tim e approaching 10 -7 sec. 
Delays were observed of the order of 10~7 sec. ; 
and  these decreased w ith increasing over-voltage. 
Secondly, a  tw in  counter was bu ilt in  which a narrow  
open slit was left joining th e  two counters, the  slit 
being in th e  plane of the  two wires, (3-particles were 
fired th rough a window in one of the  counters and 
could ac tua te  bo th  counters only if  they  passed 
close to  each wire. The delays observed were sim ilar 
to  those observed in  the  (3—y coincidence experi
m ent. (There was no tendency for one counter to  
cause actuation  of th e  other, despite direct optical 
and gaseous p a th  between them .) The th ird  experi
m ent to  m easure the  ra te  of spread of discharge 
along th e  w ire of a  counter m ade use o f counters 
consisting of a single wire b u t w ith  the cathodes cut 
in to  several sections (Fig. 1), the  portions of the 
cathode connected to  ea rth  being used as a .c . guard 
rings between th e  two portions connected to  the 
tim ing circuit. The discharge could be in itia ted  by 
means of a  (3-ray source opposite one o f the  windows 
a t  the  ends of th e  counter. M easurements of the  tim e 
intervals between th e  pulses produced on the  two 
cathodes were m ade, first using the  delay line co
incidence circuit w ith  a counter 4 cm. long, and la ter 
by  means of a high-speed triggered oscilloscope on a 
counter 100  cm. long.

Fig. 2 indicates the  varia tion  of propagation 
velocity for different over-voltages and gas fillings in 
a counter having a wire diam eter o f 0-008 in. and a 
cylinder diam eter of f  in., and having 5 mm. pressure 
of alcohol as the  quenching vapour in  each case.

The m echanism  by  which the  discharge spreads 
down th e  wire has n o t ye t been fully  explained ; b u t 
i t  would seem th a t  i t  m ust be due either to  the 
emission of photons causing fu rther ionization before 
they  can be adsorbed by  the  alcohol or possibly the 
positive ions being accelerated in  the  direction of 
propagation of the  discharge by the  d istortion  of the 
field a t  the  edge of the  ion sheath. F rom  the few 
m easurem ents taken  so far, i t  appears th a t the  speed 
of propagation is affected only slightly by  the  alcohol 
concentration, b u t m arkedly by changing the  pressure
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of the argon gas or by  replacing i t  by  helium . This 
would seem to  discount the  possibility o f photons 
tak ing  an  active p a r t in  the  discharge in a self
quenching counter.

J .  M . H ill  
J .  V. D u n w o k ih

Cavendish Laboratory ,
Cambridge.

Nov. 11.
1 Dunworth, Nature , 144, 152 (19S9).
- Ram sey, Phys. Rev., 57, 1022 (1940).
’ Montgomery and  Montgomery, Phys. Rev., 57, 1030 (1940).
4 Korff, “ Electron and  Nuclear Counters”  (Van N ostrand, 1946).
* Stever, Phys. Rev., 61, 38 (1942).

A New Type of Diffusion Cell

Hsemocyanin (Helix 0 -08 M  acetate }>H =  6-2, 0 -2 M  NaCl
pomatia) 0-25% buffer Temp. 20° C.

Time (sec.) Da  . 10 ’ Dm.W 1

142,000 1-16 1-13
179,000 1 -15 1 - 1 2
226,000 1 - 12 1 - 10
257,000 1 - 10 1 - 1 2

Mean : 1-13 1 - 1 2

Nitrocellulose 0 -40% in  acetone solution. Temp. 20° 0.

50,200 2-76 2-53
81,400 2-80 2-97

112 ,0 00 2-61 2-34
129,000 2-68 2-65
168,000 2-78 2-56

Mean 2-73 2-61

T he  well-known m etal diffusion cell w ith  slide 
constructed by  Lam m 1 has been used alm ost ex
clusively during the  last ten  years for accurate 
determ inations of diffusion constants. However, as 
Lam m  points out, i t  is difficult to  tigh ten  th is  cell in 
experim ents w ith  organic solvents ; in  such cases 
cylindrical diffusion tubes of glass are m ostly  used, 
m aking it  difficult to  take full advantage of the  great 
accuracy ob tained w ith  the  Lam m  scale m ethod.

A new type of diffusion cell will be described here 
which can be used bo th  for w ater solutions and 
organic solvents. The cell has the  shape shown in 
Fig. 1. I t  is m ade from  stainless steel p la te  (10 mm.

Fig. 2.
o) Hsemocyanin. (b)

D i f f u s i o n  c u r v e s  i n  n o r m a l  c o - o r d i n a t e s  

Nitrocellulose ; the th in  line is the norm al frequency curve

thickness) which is enclosed between two glass disks 
held in  position by  frames and screws. The piece A  
is moved by the eccentric arrangem ent B  and slides 
between the two windows. I t  is held against the 
bo ttom  plane by the spring S . W hen the  cell is in 
use, th e  denser liquid (the solution) is filled through 
the  hole D ,E  into th e  lower p a r t  o f the  cell proper (G) 
and thereafter the piece A  is m oved to  close O. Then 
th e  cell is filled up  to the level N  w ith  the  lighter 
liquid (the solvent) and  the  hole E  is closed w ith a 
screw stopper. The cell is then  p u t in to  the  the rm osta t 
and the  diffusion sta rted  by moving the  piece A  
back to  the position shown in Fig. 1. Diffusion 
takes place in  the  cell proper (F ,B ), and  no leaking 
can occur as there is the same liquid in  F  as outside at 
H . No grease or other sealing agent is needed on 
the  piece A  as the increase in  density  in  F  during 
the  diffusion process is m uch too sm all to  force the 
solution ou t into H . D uring the  experim ent, the 
glass tube (B ) for the key to  the eccentric arrangem ent 
is closed by  a glass stopper. I t  is seen th a t  the  bound
ary-form ing arrangem ent here is o f the  same type as 
in  Tiselius’ electrophoresis a p p a ra tu s ; extrem ely 
sharp boundaries are obtained in  th is  way. The cell 
is, furtherm ore, simple to  m anufacture and  consists 
of only th ree m etal pieces. I t  is consequently easy to 
clean.

B y m aking more than  one pair of slots in  the  pieces 
A  and  G several experim ents can be perform ed a t  
the  same tim e provided th a t the solvent is the  same. 
A cell w ith  three pairs of slots (instead of only F,G) 
has been used for some tim e a t  th is In stitu te . The 
in terval ( 12  mm.) between the  th ree cells is then  so 

small th a t  one fixed cam era 
can be used, and  th e  only 
altera tion  from  th e  s ta n 
dard  equipm ent is th a t  one 
scale is needed for each cell 
proper.

The cell has worked well 
bo th  for substances w ith 
small and g reat diffusion 
c o n s t a n t s  (h s e m o c y a n in , 
sodium chloride) an d  w ith 
different solvents (water, 
acetone). Only the diffusion 
curves in norm al co-ordin
ates will be given here for 
hsemocyanin (F ig ., 2,a) and 
for nitrocellulose w ith  a  skew 
diffusion curve (Fig. 2,6). 
The curves are com pletely 
satisfactory , and  th e  diffu
sion constants calculated from
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exposures a t  different tim es are given in the  accom 
panying table.

I  wish to  express m y thanks to  Prof. The Svedberg 
for his in terest in  th is work.

Stig  C l a e s s o n

In stitu te  o f Physical Chemistry,
U niversity  o f Uppsala.

Nov. 4.
1 Lamm, 0 ., Nova Acta Reg. Soc. Sci. Upsaliensis, iv, 10, No. 6 (1937).

Computation of Biological Assays
I n  microbiological assays of essential amino-acids, 

and of members o f th e  v itam in  B 2 complex other 
than riboflavin and  nicotinic acid, i t  is usually found 
th a t when the  m ean responses are p lo tted  against 
either the dose or the  logarithm  of the dose, a non 
linear relationship is obtained. I t  has been custom ary 
to com pute the  resu lt in  such cases by the  direct- 
reading m ethod, which from  the sta tistica l point of 
view is unsatisfactory  in m ore than  one respect, while 
further exam ination of the d a ta  is difficult or im 
possible.

On exam ination of the protocols of several assays 
by various workers (to whom acknowledgment will 
be m ade elsewhere), I  find th a t in  m ost cases 
the results are fitted  well by  a stra igh t line, a t  least 
over a reasonable range, when the logarithm  of the 
response is p lo tted  against the logarithm  of the dose. 
As an example, reference m ay be m ade to  a  try p to 
phan assay, th e  standard  curve for which has been 
published by  B arton-W right1. The experim ental d a ta  
plotted in the  m anner ju s t described are linear over a 
dosage range of 2-12 pgm., or 3-75-12-6 ml. in  term s 
of response.

This ‘log-log’ transform ation provides, for those 
assays which conform to it, a  m ethod of com putation 
which is bo th  sound and simple. The formulse are 
precisely th e  same as in  the  case, well known in 
macrobiological assays, in  which the response is 
linearly related  to  th e  logarithm  of the dose, except 
th a t the logarithm  of the  response is used instead 
of the response itself. The te st and standard  lines 
when p lo tted  on the  same graph should theoretically 
be found to  be p a ra lle l; a  significant departure from 
parallelism renders the  valid ity  of the  assay suspect ; 
and the best estim ate of the  potency-ratio of the 
two preparations is obtained from  the  horizontal 
distance between the  two lines.

Fuller details w ith  illustrative examples will be 
published later. I  should be very in terested  to  
receive reports from  workers in  th is  field who m ay 
test the  applicability  of th e  ‘log-log’ relationship to  
their own assays. There are fu rthe r im plications 
which concern the  design of assays of th is type— 
for example, doses should be in  geom etrical ra the r 
than arithm etical progression—b u t th is  cannot be 
discussed here.

May I  take th is opportun ity  of pointing out th a t 
in m y previous com m unication in  Nature2 about 
assays in which th e  response is linearly related  to 
the dose, I  neither claimed nor intended to  claim 
th a t the slope-ratio m ethod of com puting them  was 
original. Bliss and Cattell, in  a  review article3 p u b 
lished in 1943, quote three instances of biological 
assays in which the  dose is linearly  related to  the 
response. They point out th a t  the  slope-ratio m ethod 
should be used, and a d d : “such assays are exceptional 
and their sta tistica l trea tm en t has ye t to  be de
scribed” . The best known of the  assay techniques

they quote is the bradycardia m ethod for aneurin 
as developed by  H arris and  his co-workers, the 
earliest of whose papers is d ated  1934 4. More recently, 
Dr. M. K erly, in  a paper on the  riboflavin content 
of canteen m eals5, calculated some of her results by 
th e  slope-ratio m ethod ; her sta ted  reason for doing 
th is  is th a t  the  line th rough the  te s t observations 
did n o t pass th rough th e  ‘b lank’, although the 
standard  line did—an indication th a t  the  resu lt m ay 
have been sta tistica lly  invalid. I t  is clear, however, 
th a t  the degree of invalid ity  is n o t large, and it  is 
a  point in favour of the  slope-ratio m ethod th a t  the 
results calculated in  th is  w ay were found in the  three 
cases in  which they  were checked by  the  rat-grow th 
m ethod to  be in sa tisfactory  agreem ent therew ith.

B r i o  C . W o o d

Virol L td .,
H anger Lane, Ealing, W.5. 

Nov. 8 .
1 Barton-W right, E. C., A nalyst, 70, 283 (1945).
'W o o d , E . C., Nature , 155, 632 (1945).
3 Bliss, C. I ., an d  Cattell, McK., “ Ann. R ev. Physiol.” , 5, 479 (1943).
4 Birch, T. W ., and  H arris, L. .T., Biochem. J . ,  28, 602 (1934).
5 Kerly, M., Biochem. J .,  38, 423 (1944).

Surface Charge of ‘Electrets*
C e r t a i n  dielectric m aterials, i f  solidified from  the 

m olten s ta te  in  a strong unidirectional electric field, 
are known to  rem ain in  a polarized condition for 
considerable periods of tim e and, under certain  con
ditions, surface charges as high as 5 E .s.u ./cm .2 are 
reta ined  for several years1-4. The m ateria ls generally 
used for the  preparation  of these so-called ‘electrets’ 
are m ixtures o f carnauba wax and  colophony, or 
carnauba wax, colophony and  a small proportion 
of beeswax.

Several interesting effects have been observed by 
following the  variation  w ith  tim e of th e  charge on 
the  cathode and anode layers of electrets, these being 
the  surfaces which were adjacent to  the  negative and 
positive electrodes, respectively, during preparation. 
These effects appear to  have escaped notice p re 
viously, a tten tio n  having generally been confined to  
variations in  th e  charge of th e  cathode layer only.

The preparation  consisted in  allowing different 
types of dielectric m aterials to  solidify in  a field of 
approxim ately 10 ,000  v./cm ., between two parallel 
m etal electrodes, th e  tension being m aintained for 
about two hours. W hen the  dielectric had  cooled to  
room tem perature, the  electrodes were connected to  
ea rth  for some tim e to  remove tem porary  surface 
charges. The samples were then  w ithdraw n, wrapped 
in tin  foil and stored over calcium chloride in a 
desiccator. Measurements of th e  surface charges were 
taken  from  tim e to  tim e using a Lindem ann electro
m eter.

Fig. 1 shows typical curves obtained for electrets 
prepared from  two different qualities of prim e yellow 
carnauba wax. I t  is seen th a t  shortly  afte r the  rapid  
transition  from  a hetero- to  a  homo-charge, the anode 
layer assumes a short-lived high positive charge ; th is 
subsides rapidly  to  the  steady lower charge, which is 
retained for some time.

In  th e  case of colophony, th e  charges on the 
cathode layer were invariably  lower and decayed 
more rapidly  th a n  those on the  anode layer, when 
m etal electrodes were used in the  preparation  (Fig. 
2, A ). I t  is possible th a t  th is is due to  interaction 
between the  dielectric and the electrodes, or between
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F ig .  3 . CHARGE-TIME CURVES. MIXTURE OF COLOPHONY AND 
CARNAUBA WAX

the  electrodes and some surface im purity . B y the 
use of m etal electrodes lined w ith  d ry  ‘Cellophane’, 
a m arked increase in the  charge of the cathode layer 
was obtained (Fig. 2, B).

Fig. 3 shows the  tim e varia tion  of the  charges 
in  an  electret prepared from  a  m ixture of equal 
weights of colophony and carnauba wax, using tin  
electrodes. The resu ltan t negative charges are seen 
to  exceed som ewhat the  positive ones, an  effect due 
to  the  colophony component.

The quality  o f the  m aterials used, especially the 
carnauba wax, was found to  be of some im portance. 
M ixtures containing fa tty  grey carnauba wax, which

is obtained from  older p lants th an  the prim e yellow 
variety , or slightly inferior grades of the prim e yellow 
wax, a tta ined  only com paratively low charges.

A fuller account of th e  w ork will be published later.
J .  R .  P a r t i n g t o n  
G. V. P l a n e r

_  . _  I .  I .  B o s w e l l
Chem istry D epartm ent,

Queen M ary College,
(University o f London).

Addison E lectric Co., L td .,
163 Holland P ark  Avenue,

London, W .ll .
Nov. 6 .

1 Eguchi, Phil. Mag., 49, 178 (1925).
'G em an t, Phil. Mag., 21, 929 (1935).
3 Jaeger, Ann. Phys., 21, 481 (1934).
1 Thiessen, Winkel and Herm an, Phys. Z ., 37, 511 (1936).

Function of Bacterial Polysaccharides 
in the Soil

M o s t  aerobic micro-organisms such as B . subtilis, 
B . megatherium, Leuconostoc species, R hizobia, etc., 
are capable under favourable cultural conditions of 
producing highly viscous polysaccharides either as 
heavy capsular m aterial or as extracellular products. 
A part from  the ir role in th e  defensive mechanism  of 
th e  micro-organism against soil P rotozoa, etc., little  
is known regarding th e  function of m icrobial po ly
saccharides in the  soil.

In  view of the  highly m ucilaginous natu re  and 
high chemical stab ility  o f some of these complex 
carbohydrates, i t  occurred to  us some years ago th a t 
they  m ight play an im portan t p a r t in  conserving the 
m oisture content of soils and clays. Accordingly, 
investigations were begun along th ree lines : (1 ) an 
exam ination of the m oisture, to ta l carbohydrate and 
polysaccharide contents of rich and poor soils and 
clays from  different localities ; (2 ) the  influence on 
the  moisture-conserving capacity  of light soils o f the 
addition  of known bacterial polysaccharides ; (3) the 
determ ination of th e  effect, on soil microflora, of 
known concentrations of sugars and  hexose phos
phates particularly  in  respect o f polysaccharide 
production and of the m oisture-binding capacity  of 
various soils.

P roject (1 ) was carried some distance before the 
work had  to  be suspended for o ther u rgent work. 
B y extracting  soil w ith buffers, followed by  th e  usual 
m ethods for isolating polysaccharides, i t  was shown 
th a t  poor soils w ith a low content o f organic m atte r 
contained traces only of polysaccharide m aterial. On 
the other hand, those soils w ith  a  high content of 
organic m a tte r contained significant am ounts of 
polysaccharide (for example, 1  kgm. of moisture-free 
soil gave O'5-1 -5 gm. polysaccharide) and  in  general 
possessed a  greater m oisture-retaining capacity. 
F rom  various soils there were isolated polysaccharide 
fractions having ro tations varying from  [cc]d +  20° 
f°  [a]d — 80°, from  which in  m ost cases levans 
([«]» — 90°) could be separated. The products 
usually gave viscous solutions in  w ater and had 
nitrogen contents of 0-3-0-5 per cent.

In  regard to  projects (2) and (3), i t  was shown 
th a t  th e  addition of viscous bacterial m ucopoly
saccharide particu larly  of th e  dex tran  type (nitrogen 
contents c. 0-3-0-5 per cent) have an im portan t effect 
on the m oisture-binding capacity  of soils. The nature 
o f the free sugars in the soils is also of high significance. 
This is particu larly  so in regard to  the presence of
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sucrose in  soils, w ithout which levan and dextran  
formation cannot proceed. E xtracellu lar synthesizing 
enzymes under appropriate conditions can function in 
the soil a t  distances rem ote from  th e  m icrobial cell, 
and build up  complex hydrated  polysaccharide 
structures from  sucrose and the  hexose phosphates. 
I t  is hoped to  continue and extend these investiga
tions.

W . N. H aw o r th  
F. W. Pin kar d  
M. St ac ey

Chem istry D epartm ent,
The U niversity, Birm ingham , 15.

Influence of Bacterial Polysaccharides on 
Aggregate Formation in Soils

It has long been assumed that micro-organisms 
play an important part in producing a crumb or 
aggregate structure in soil, and it is known that 
following the addition of sucrose to soil there is a 
marked development o f water-stable aggregates.

A t J e a lo tt’s H ill, we have been studying the effect 
of bacterial polysaccharides of the  levan and dextran 
types on th e  binding of soil particles. W hile this 
investigation was in  progress, we became aware of 
work going on along sim ilar lines a t  the  U niversity 
of Birm ingham  (see preceding letter) and in the 
United S ta tes1.

We have studied th e  aggregation of soil by  the 
wet sieving technique and were able to  show th a t the 
addition of washed bacterial cells, for example, those 
of B. subtilis, had  very  little  aggregating effect.

When B . subtilis was cultured in a sucrose medium 
there was gum  production ; and following dialysis, 
removal o f the  cells, and concentration of the solution, 
etc., alcoholic precip itation  gave a  white product 
which was a  levan (nitrogen content, 0-2-0-3 per 
cent ; 97-98 per cent fructose afte r hydrolysis (cf. 
M artin1) ). B y using different culture m edia and 
methods of extraction , levans having varying n itro 
gen contents could be obtained from  B . subtilis, and 
the significant discovery was m ade th a t  whereas 
those products containing 0-2-0-3 per cent nitrogen 
had a m arked aggregating effect on soil, those w ith 
a nitrogen content o f less th an  0 -1  per cent had bu t 
little action. F u rthe r, i t  was observed th a t bo th  the 
nitrogen content and  the  aggregating effects were 
related to  the  relative viscosity of the levan solution.

The polysaccharides capable of aggregating soil 
appear to  Ido very  sim ilar to, or identical w ith, those 
polysaccharides which show antigenic activ ity . Thus 
it will be recalled th a t  polysaccharides appear to  owe 
certain of th e ir  immunological properties to  the 
presence in  them  of a nitrogenous constituent ; for 
example, F itzgerald2 from  serological studies found 
tha t the  antigenic ac tiv ity  of a polysaccharide pro
duced by L . mesenteroides disappeared when its 
nitrogen content was reduced to  less than  0-2  per 
cent. In  th is  connexion Stacey3 has suggested th a t 
dextrans and  other polysaccharides in the ir m ost 
natural s ta te  consist of polyglucose chains ‘cem ented’ 
together by  un its  of the  synthesizing enzyme which 
remains as an  in tegral p a r t of the  complex m uco
polysaccharide. The levans we have exam ined m ay 
possibly consist of polyfructose chains held together 
in a sim ilar way.

Microbial polysaccharides are probably only one of 
the groups of m etabolic products having an  am eliora
tive effect on soil structure . However, since the

diverse microflora of soil m ay synthesize m any types 
of polysaccharides from  th e  constituents of vegetable 
remains, we wish to  po in t ou t the  im portance to  soil 
of th is  group and to  em phasize th a t  a  knowledge 
of th e  chem istry of m icrobial products would do 
m uch to  elucidate the  com position and  functions of 
hum us in  the  soil.

W e are indebted to  Profs. H aw orth  and  Stacey 
for the supply of a  num ber of levans and a dextran .

M. J .  Geo g h eg an  
R . C. B r ia n

Im perial Chemical Industries, L td .,
J e a lo tt’s H ill Research S tation,

Bracknell, Berks.
Nov. 20.

■Martin, J . P ., Soil Sci., 61, 157 (1946).
= Fitzgerald, ,T. G., Trans. Roy. Soc. Can., 27, 1 (1933).
1 Stacey, H ., J .  Soc. Chem. Ind ., 62, 110 (1943).

Role of Sulphydril Groups in the Action of 
Acetylcholine and Inhibition of 

the Vagus Nerve
W ork  on the chemical constitution and fine 

molecular structure o f protein bodies has appreciably 
advanced our knowledge o f the nature o f the pro
cess o f the reversible denaturation of protein bodies, 
which underlies a number of fundamental biological 
phenomena, including those of muscular contraction.

In  particu lar, th e  w ork done in  th is  dom ain has 
dem onstrated the im portan t p a r t played in the p ro 
cesses of denatu ration  of pro tein  bodies by  the 
sulphydril groups. As the  chemical groups o f side- 
chains of p rotein  bodies, endowed w ith  particu lar 
activ ity , the  sulphydril groups are n o t only likely 
to participate in  processes of d irect structu ra l a lte ra
tions of certain  protein  bodies, probably  including 
m yosinb2, b u t also, as ac tive 'g roups of the  protein 
com ponent o f definite enzymes, they  partic ipa te  in 
a num ber of ferm entative processes invariably  a tte n d 
ing the complex phenom ena of reversible denaturation  
of p rotein  structures under the  conditions prevailing 
in a live cell. Among th e  enzymes the  ac tiv ity  of 
which is dependent upon th e  sulphydril groups we 
find m ore th a n  one playing a m ost im portan t p a r t 
in  carbohydrate m etabolism , in  particu lar in th a t  
accom panying th e  enzymic transform ations of p y ru 
vic acid3, and also in cholinesterase4.

On account of the param ount im portance of the 
enzymes of carbohydrate m etabolism  and  of the 
enzyme cholinesterase in the  course of synthesis and 
breakdown of acetylcholine, and accordingly th a t  of 
the  relation  between the  ‘acetylcholine cycle’, and 
the  ‘adenyl cycle’5, which is in tim ately  connected 
w ith  the  reversible denaturation  of the contractile 
protein of myosin and the general chemodynamics of 
the muscle in  the process of excitation, we endeavoured 
to  find ou t th e  role of the  sulphydril groups in  the  
action  of acetylcholine and nerve stim ulation  upon 
th e  cardiac muscle.

To examine the  possible role of the  sulphydril 
groups in  nerve stim ulation and of physiological doses 
of acetylcholine, we have tested  the  effect o f s tim ula
tion  of th e  vagus nerve and th a t  o f acetylcholine 
upon the  cardiac muscle o f th e  frog when the  
sulphydril groups are bound, followed by the  in tro 
duction of these groups. As a substance likely to  
bind th e  sulphydril groups, use was m ade of a solution 
of m ercury bichloride ( 1 X 10 ' 3, 1 x 10 “4), which is 
known to  form  w ith  the  sulphydril groups a  mercap-
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tide bond ; as a donator of the sulphydril groups, 
oystein was applied (2 x 10 ~3).

Our experim ents, carried on in a large num ber of 
replications, led to  the  following conclusions. The 
clearly pronounced inhibitory effect on rhythm ical 
contractions of the  h eart muscle, due to  the  action 
of the  vagus nerve and of acetylcholine, was found to 
be removed a fte r th e  application of m ercury b i
chloride solution, th a t  is, afte r binding th e  sulphydril 
groups ; as a  rule, the  effect was restored afte r the 
heart was washed w ith  cystein solution. In  control 
experiments, no sim ilar action could be obtained w ith 
R inger or cystein solution.

W hen the  m ercury bichloride solution was in tro 
duced against a  background of the  influence of 
acetylcholine, th a t  is, when the contractile substra te  
and the  corresponding chain of enzymo-chemical 
processes was subjected to  th e  influence o f acety l
choline, b u t th e  phase of restoration  had  n o t yet 
begun, the  m ercury bichloride solution was no longer 
able to  cause th e  effect recorded by us : a fte r  the 
norm al height of the contractions has been restored, 
every application of acetylcholine was followed by a 
typical effect o f inhibition of the  rhythm ical con
tractions of the  heart. This effect vanished as a  rule 
in all experim ents in  which m ercury bichloride was 
applied against a background of norm al contractions.

Prelim inary experim ents have shown th a t, unlike 
the  effect o f m ercury bichloride, the  well-known 
effect of elim ination of the  action  of acetylcholine 
w ith  atropine cannot be restored w ith  cystein, which 
points to  a peculiar biochemical mechanism  un d er
lying the action of atropine.

Experim ents in  th is  direction are in progress.
Ch . S. K o s c h t o j a n z  

T. M. T u k p a je w
D epartm ent o f Com parative Physiology,
In s titu te  of E volutionary Morphology,
Academy of Sciences of the  U.S.S.R.,

Moscow. Sept. 13.
1 A stbury, W. E., J . Chem. Soc., 337 (1942).
2 Anson, M. L., “Adv. in Profc. Chem.” , 2, 363 (1945).
3 Barron, E . S. F ., “Adv. in Enzym .” , 3, 177 (1943).
4 ^achm anson, D., and  Lederer, E ., Bull. Soc. Chim. Biol., 21, 797

(1939).
6 Koshtojanz, Ch. S., C.R. Acad. Sci. U .R .S.S., 19, 4 (1938) ; 43, 8

(1944).

Specific Action of Optical Isomers of Mepa- 
crine upon Dextral and Sinistral Strains of 

B a c i l lu s  m y c o id e s  Fliigge
T he  norm al colonies o f Bacillus mycoides Fliigge 

growing on the  surface of agar m edium  have filaments 
w ith an  anti-clockwise spiral and  should be called 
sinistral or L-form s ; there occur also as very rare 
exceptions colonies w ith  a clockwise spiral (dextral 
or D-forms).

Our cultures (two D -strains and two A-strains) 
were obtained from  Prof. E . N. M ishustin (In stitu te  of 
Microbiology, Academ y of Sciences of the  U .S.S.R .). 
Three of them  were isolated from  soils collected in 
the  vicinity of Lake Sewan, Armenia. Optical 
isomers of mepacrine hydrochloride were prepared a t 
the  In s titu te  of M alaria and  P arasitic Diseases 
according to  the  m ethod of Chelinzev and Ossetrova1. 
Bacillus mycoides was cultivated  on a  m edium  w ith  
3-5 per cent of Germ an agar in a  po ta to  b ro th  (200 
gm. of potatoes boiled for 30 min. in 1,000 e.c. of 
water). Mepacrine was added to  th e  ho t medium, 
which was again heated  o r th e  following day up  to

boiling point in a w ater-bath, or autoclaved. Through
out all experiments (with one exception) 0 -0 1 per 
cent of mepacrine in the  medium  was used. This 
concentration causes approxim ately a  30 per cent 
depression of colony growth. Each 10-cm. P e tri dish 
received four point inoculations. The diam eter of the 
colonies was m easured afte r 24, 48, 72 or 120 hours 
from  the  beginning of growth, by means of dividers. 
As a m easure of the  relative tox ic ity  of dextro- and 
laevo-rotatory mepacrine an index (d/l) 100  was taken, 
where d represents th e  average diam eter o f four 
colonies grown on a medium  w ith  d-mepacrine, and 
l th a t of colonies grown in th e  presence of 1 -mepa- 
crine.

Seven experim ents were carried ou t. Om itting 
the th ird  experim ent, in which there were some 
defects in th e  preparation  of th e  medium, in  all 
experim ents th e  index for dextral colonies was lower 
th a n  for sinistral ones (74-4 as against 114-1 per 
cent). The difference between th e  indices is s ta tis tic 
ally significant, being equal to  6-51 w ith five degrees 
of freedom. A contingency tab le for the  direction of 
th e  spiral and the  value of th e  index lying below and 
above 100, using the Y ates-F isher adjusted  formula, 
gave x 2 =  H 'lo ,  w ith  a  probability  m uch below 
0-01. This can be considered as a  proof o f th e  ex ist
ence of a  relation between th e  direction of th e  spiral 
and of th e  value of th e  index. W e m ay conclude 
th a t  the  two forms of B . mycoides are  characterized 
n o t only by  an  inversion of colonial morphology but 
also by an  inversion of some mepacrine ‘receptors’ 
on a  m olecular level.

According to  previous investigations in  our 
labo ra to ry  all living organisms, beginning with 
norm ally spiralized or L-form s of B . mycoides and 
Infusoria up  to  higher V erteb ra ta2, show an  index 
greater th a n  100. This m eans th a t  th e ir  living 
m a tte r  is less sensitive to  d-mepacrine th a n  to  l- 
mepacrine. The only exception to  th is  rule known at 
present is the  dextral form  of Bacillus mycoides 
Fliigge, which evidently originated by m uta tion  from 
th e  norm al sinistral form. Gause3 succeeded in 
showing th a t the D-form of B . mycoides contains an 
enzyme which can split unnatu ra l dipeptides (of 
dextral steric series). In  connexion w ith  th is, one 
m ust keep in m ind th a t Kogl and  E rxleben4 have 
isolated from  m alignant tum ours the  unnatural 
isomer of glutam ic acid (of dextral steric series), 
and W aldschm idt-Leitz and M ayer6 have discovered 
in th e  blood serum  of patien ts w ith  m alignant tum ours 
enzymes of unusual stereochemical structure . Taking 
all these facts into consideration our experim ents w ith 
D- and L-strains of B . mycoides perhaps represent a 
first step tow ards developing a  rational cancer therapy 
utilizing optical isomers. D rugs sim ilar to  d-mepa- 
crine inhibiting th e  grow th of cells containing sub
stances w ith  abnorm al molecular configuration more 
strongly than  th a t o f cells w ith norm ally configurated 
molecules m ight perhaps be useful in  depressing 
m alignant cell-growth in  the  anim al and  hum an body.

This w ork was carried out in  collaboration with 
m y assistan t, Mrs. O. C. N astukova.

V. V. A lpatov
In s titu te  o f Zoology,

University of Moscow.
1 Chelinzev, 6 . V., and Ossetrova, E . D ., J . Gen. Chem.. 5, 10 (1940)

(in Russian).
! Gause, G. F., and  Alpatov, V. V., C.R. Acad. Sci. U .S .S .R ., 32,

No. 7 (1941) (in English).
* Gause, G. F ., Biochemistry, 7, No. 1-2 (1942) (in Russian).
4 Kogl, F. and Erxleben, H ., Z . physiol. Chem., 261 (1939). 
‘ W aldschmidt-Leitz, E . K ., and  Mayer, K ., Z . physiol. Chem., 262

(1939).
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Effect on some Blood-sucking Arthropods of 

‘Gammexane’ when Fed to a Rabbit

T he physiology and  n u tritio n  of the  bedbug (Gimex 
lectularius) has been the  subject of investigation in 
this laboratory  for a num ber of years. A prelim inary 
report has been published1, and a  paper dealing w ith 
the m a tte r m ore fully is in  the  press. One of the 
problems we have se t ourselves is to  m ake the  blood 
of the host unsuitable for the bedbug by  altering  it 
in one w ay or another. The u ltim ate  aim  was to  
find some substance, non-toxic for the  host, which 
when fed to  anim als would kill or control bedbugs 
and other blood-sucking arthropods. Numerous 
attem pts in th is  direction, w ith  a wide varie ty  of 
materials, have been m ade, and some success has 
been obtained. Recently, th rough th e  kindness of 
Dr. W. C. W almsley, o f A frican Explosives and 
Chemical Industries, L td ., N orlhrand, a few grams 
of the pure gam m a isomer of hexachlorocyclohexane 
was obtained. Results w ith  th is  substance have been 
so striking th a t  i t  has been considered of in terest 
to m ake them  known imm ediately.

The ‘Gamm exane’ was powdered and mixed w ith  
a solution of agar. The agar, when set, was cu t into 
portions each o f which contained approxim ately 
50 mgm. One of these portions was fed to  a  rabb it 
weighing 1,730 gm. every morning. The arthropods, 
from known healthy  stocks, were confined in glass 
tubes, covered w ith gauze, and placed on the  rab b it’s 
ear. In  th e  case of th e  mosquitoes, a  small gauze 
cage was applied to  th e  shaved side of the  animal.

Toxic effects on blood-sucking arthropods became 
evident on the  second day, th a t  is, a fte r  the rabb it 
had taken  a to ta l dose of 100 mgm. of ‘Gammexane’. 
I t  will be convenient to  give the result s of experiments 
done afte r a  to ta l dose of 200-250 mgm. of ‘Gammex
ane’ had  been given to  the  rabbit.

Gimex lectularius. Feed fully in all stages and show 
signs of paralysis im m ediately afte r feeding. F irst- 
stage nym phs were given the ir first m eal on the 
‘Gammexane’ rab b it, subsequent instars were reared 
to each particu lar stage on a  norm al anim al and then 
fed on th e  ‘Gamm exane’ rabb it. The m ortalities, 
within 24 hours, for each in star were as follows : 
I, 50-90 per c e n t ; I I ,  50 per cent ; I I I ,  50 per c e n t ; 
IV, 33 per cent. A dults also show signs of paralysis 
im m ediately a fte r feeding, b u t recover completely 
within 24 hours. Egg-laying is apparen tly  n o t im 
paired, though no record was kep t o f the  num ber of 
eggs laid per female. Nym phs which survive the ir 
first feed, m oult, and  are then  again fed on the 
‘Gammexane’ rab b it, show approxim ately the  same 
death-rate as nym phs of the  same stage feeding for 
the first tim e. Surviving nym phs are, therefore, no t 
resistant to  subsequent feeds, and a colony of bed
bugs would have little  chance of surviving m any 
generations if  th ey  feed continuously on a ‘Gamm ex
ane’ anim al.

Aedes cegypti. Feed fully and show signs of paralysis, 
for example, inability  to  rise from  the  bo ttom  of the 
cage, w ithin one hour. All fully fed females died 
within 24 hours. Females which did no t feed and 
males confined in th e  same cage were unaffected.

Omithodorus moubata. A ttach  im m ediately b u t do 
not feed fully (adults take only an  average of 9 mgm. 
of blood), afte r which they  im m ediately detach them 
selves and  show obvious signs of distress. Inco 
ordination of m ovem ent and inability  to  walk in a 
straight line aw ay from  light are the  m ost obvious 
signs. These signs persist for d a y s ; some ticks

appear to  die, others linger on w ith  progressing signs 
of toxaemia. To date , ten  days la ter, no recoveries 
have been noted.

K irkwood and Phillips, w orking w ith  Saccharo- 
myces cerevisice, have shown th a t  i-inositol inhibits 
th e  effect of ‘Gam m exane’. I t  is of in terest to  no te 
th a t  an  intravenous injection of 10 c.c. o f a  5 per 
cent solution of i-inositol into a rab b it a fte r  it had 
had  a to ta l dose of 250 mgm. of ‘Gam m exane’ did 
n o t reduce th e  tox ic ity  of its blood for O. moubata 
fed a  few m inutes a fte r th e  injection.

The tox ic ity  of ‘Gam m exane’, when fed to  anim als 
continuously, is, so far as I  am  aware, n o t known. 
This will have to  be determ ined. The fac t is es tab 
lished, however, th a t  i t  is possible to  interfere w ith  
th e  economy of blood-sucking arth ropods by  feeding 
insecticides to  th e  host. The use of such a  m ethod 
in the  veterinary  sphere appears to  have g reat 
possibilities.

I  g ratefully  acknowledge the  technical assistance 
of Misses F . H ardy , U. B. A rvidsonn and Messrs. 
W . R ay  and  J .  M. Thorp.

B otha  D e Meillo n  
D epartm ent o f Entom ology,

South African In s titu te  for Medical Research,
J  ohannesburg.

1 De Meillon, B ., and Goldberg, L ., Nature, 158, 269 (1946).
1 Kirkwood, S., and  Phillips, P . H ., J .  Biol. Chem., 163, 251 (1946).

[Physiological Isolating Mechanisms and 
Selection within the Species 

G a s t e r o s t e u s  a c u le a t u s  L.
Pbeviotjs w ork on the  osm o-regulatory properties 

in  relation to  th e  m igration of th e  stickleback 1 
a ttrac ted  our atten tion  to  physiological differences 
between ‘form s’ of th is  species, morphologically 
distinct, which B ertin 2 believed to  represent m odi
fications of a  single genetic type.

F u rth e r investigations2 provided physiological 
causes for the  characteristic geographical d istribu
tion  of these forms. The extension of th e  s tudy  of 
th e  osmo-regulatory properties o f ad u lt specimens, 
morphologically d istinct as regards the ir num ber of 
lateral shields, a t  different tem peratures proved the  
existence of physiological barriers between adu lt 
populations.

In  order to  investigate w hether these physiological 
characters are in fact genetic, we undertook a breed
ing experim ent which involved th e  rearing of approx
im ately 30,000 eggs from  n ine ty  pairs of sticklebacks. 
The paren ts came from  two populations, one of the  
form  gymnura  w ith  a  low m ean plate-num ber, the 
other of semiarmata and trachura forms, w ith  a  high 
m ean plate-num ber. The artificially fertilized eggs 
were allowed to  develop a t  a  constant tem perature 
of 23° C. and  a t  different salinities. The different 
salinities were produced from  artificial sea w ater or 
ordinary fresh w ater, dilutions being m ade w ith glass- 
distilled w ater. The accom panying graph shows the  
differences in hatching percentages of the  eggs.

A t high and  low salinities, the  differences are 
especially sharp. O ther experim ents show th a t  these 
differences are increased a t  lower tem peratures. I t  
seems probable, therefore, th a t  under na tu ra l con
ditions of tem perature th e  two populations differ 
sharply  in the ir reproductive ad justm ent to  the 
salinity  of the  hab ita t.

D eath-rates a t  given salinities are n o t a t random , 
b u t selective. This is shown by the  correlations be-
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------ • ------ , eggs from gymnura  fo rm s;
------- O--------, „  „  trachura „

U R E
fo r th is  force of a ttrac tion . In  order to  te s t th e  valid ity  
of th e  second assum ption, an  a ttem p t is now made 
to  exam ine th e  forces operating in  a  helical system  
which is in equilibrium  under torsion.

In  a  tw o-strand rope which is held in  th e  form  of 
a  helix, th e  axial force which will keep it  in  equilibrium  
in th is  form  is

F  =  -L [(G cos2a +  B  sin2a) tj +
Ir2

(G — B) sina cosa. 0],

where l is length of rope ; r, a are the  radius and 
angle o f helix ; 7) is axial displacem ent ; 0 is angular 
displacem ent a t  end of rope ; C, B  are constants. 
The tension a t  an y  po in t of th e  rope is constant and 
is J  =  F  sin a. vj an d  0 are proportional to  l, so th a t 
a t  an y  interm ediate po in t Q of th e  rope, d istan t 1, 
from  th e  fixed end, th e ir  values are

-  A  6 -  T “•

tw een th e  num ber of p lates and vertebrae of the  
paren ts, th e  percentage of viable em bryos produced 
and the ir morphological characters when reared.

The geographical variation  of th e  species as regards 
th e  num ber of lateral shields is also caused by  an  
underlying genetic pa tte rn , as will be shown by  de
tailed  publication elsewhere.

The evidence indicates th a t  th e  mechanisms thus far 
detected, namely, th e  physiological differences between 
adults, the  inherited physiological differences between 
the ir eggs, and the selective action of external factors, 
are powerful barriers to  the  diffusion o f genes th rough 
ou t th e  species, and m ain ta in  th e  variation  a t  the 
evolutionary level actually  reached.

M. J .  H e t j t s

Zoophysiological L aboratory,
U niversitv of Louvain.

Oct. 31.
1 Koch, H . J . ,  and  H euts, J t .  J .,  Arch. In tem at. Physiol., 53, 253 

(1943).
! B ertin , A nn . Inst. Oceanogr., K .S., 2, Fasc. 1 (1925). 
a H euts, J I. J .,  A nn . Soc. Roy. Zool. Bely., 76, 88 (1945).

Mechanism of Crossing-over
A n u m b e r  of theories have emerged from  tim e to  

tim e a ttem p ting  to  visualize th e  exact mechanism 
involved during crossing-over, which is now known 
to  be th e  sole agent conditioning th e  form ation of 
th e  cytologically visible ehiasm a. Among these th e  
one proposed by  D arlington 1 based on torsions is th e  
m ost elaborate, in  th e  sense th a t  it offers an  explana
tion  for th e  long and  in tricate  succession of events. 
H is hypothesis, however, implies a  few assum ptions 
for which the re  are form idable physical objections. 
The m ost im portan t o f these are : (1) th e  existence 
of a  pairing force which brings homologues together 
in  th e  zygotene of meiosis, and  (2 ) th e  postu late th a t  
a  break a t  a particu lar level in  one chrom atid under 
stra in  induces a  break in  a  non-identical chrom atid a t 
precisely th e  same spot due to  transfer o f stress. In  
regard to  (1 ), every cytologist is aware of th e  physical 
difficulties which are inherent in  suggesting th e  
existence of specific a ttractions operating over an y 
th ing  m ore th a n  extram olecular ranges. However, 
D elbriick’s2 th eory  of au tocataly tic  synthesis o f po ly
peptides appears to  provide a physico-chemical basis

Hence we m ay also w rite 

F  =  - i -  [((7 cos2<x +  B  sin2a) ip  +
IjT2

(C — B) sina cosa . 0 J .

Suppose now the  string  is in  equilibrium  under the 
action of F  applied a t  its end. I f  one of th e  strands 
is cu t a t Q, th e  torsional couple a t  th a t  po in t is 
annulled and  th e  two ends will revolve in  opposite 
directions. B u t i t  is an  essential feature of th e  theory  
th a t  th is  release of torsional strain  is confined to  a 
narrow  region near th e  cut. This is based on the 
assum ption o f an  affinity or la tera l cohesion between 
th e  two strands. Hence we m ay suppose th a t  the  
effect o f th e  cu t is to  m ake th e  loose ends revolve 
th rough small angles. Since th e  torsional equilibrium 
of th e  rope is due m ainly to  th e  co-existence of 
torsional couples in bo th  th e  strands, i t  follows th a t 
th e  local release of tw ist in one s trand  will result in a 
corresponding release of tw ist in th e  o ther also a t  the 
same point. This will result in changing vp an d  0! 
a t  th a t  point in  th e  uncut s tran d  to  new values up' 
and  6 / ,  which will be less th a n  th e  original values 
7)! and  Q!. The corresponding equilibrium  value of 
F , nam ely, F ', is given by

F ' =  _L_[((7 cos2a +  B  sin2a) 71/  +  
tp -2

(G — B) sina cosa . 0 /] ,
so th a t

I f  we suppose th a t  th e  rope was in  lim iting equil
ibrium  under F , th en  it is clear th a t  afte r one of the 
strands is cu t, it is under th e  action of F  which is 
m ore th a n  th e  value F ' required for equilibrium. 
Hence there is a  high probability  th a t  th e  uncut 
s tran d  will also break a t  th e  same poin t, since the 
tension a t  th a t  section is greater th a n  th e  value 
required for equilibrium.

Thanks are due to  Mr. V. R . T. A char an d  to  Dr. 
B. R . Seshachar for helpful criticism.

K . Y .  S h t n a t h

U niversity  o f Mysore,
Central College,

Bangalore.
1 Darlington, C. D ., J .  Oenet., 31, 185 (1935).
•D elbruck, H ., Cold Spring H arbor Symposia, 9 , 122 (1941).
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MEDAL AWARDS OF THE ROYAL 

SOCIETY*
Copley Medal

TH E  Copley Medal is aw arded to  Prof. E dgar 
Douglas A drian, professor o f physiology in 
the U niversity  o f Cambridge, for his outstanding 

contributions to  nerve physiology.
D uring th e  last th ir ty  years, Prof. A drian has been 

engaged on a  series o f system atic investigations of 
the essential functions of th e  nervous system  which 
have been extended from  a s tudy  of the  ac tiv ity  of 
single nerve fibres to  the  reaction  of th e  cortex of 
the forebrain of m an to  impulses th a t  reach it  from 
the periphery. The advance of our knowledge of 
the working of th e  nervous system  is largely the  result 
of his researches into th e  natu re  of th e  fundam ental 
process o f individual cells and com binations of 
cells.

H is early  w ork w ith  K eith  Lucas provided im por
ta n t observations on conduction by  nerve fibres and 
on th e  reactions of muscles. This was followed by a 
series of independent researches by  the com bination 
of a valve amplifier w ith  a  capillary electrom eter 
which m ade possible an  analysis o f the behaviour of 
individual sensory receptors and  of single m otor 
units. Among m any  im portan t discoveries these 
investigations revealed how the  frequency of impulses 
conveyed by each fibre is used in th e  central nervous 
system to  signal the  in tensity  of peripheral and  
central events. By th e  sam e m ethods, he undertook  
a detailed analysis of the  ac tiv ity  of m any types of 
sense organs and  of sim pler reflex actions in  term s of 
the ac tiv ity  of single nerve fibres, and in some cases 
dem onstrated th a t  the  same principles underlie all 
nervous ac tiv ity  th roughout th e  anim al kingdom. 
O ther investigations dealt w ith  the  natu re  of the 
fundam ental process in  nerve cells and in  synaptic 
regions of the  central nervous system.

D uring th e  p ast ten  years Prof. A drian has been 
m ainly concerned w ith  th e  in te rp re tation  of the  
po ten tia l waves in th e  cortex of theTorebrain. H ans 
Berger h ad  d irected  a tten tio n  to  the  existence of 
these in  m an, b u t th e  subject was neglected un til 
A drian an d  M atthews reinvestigated it. A drian’s 
subsequent studies included, in  the  first place, an 
exam ination of th e  electrical ac tiv ity  of th e  brain  
and its  reaction to  messages from  th e  periphery, 
and in  th e  second place a m apping out of the  regions 
of the  cortex w hich serve as receiving centres for such 
messages. H is aim  has been to  analyse these pheno
m ena in  term s of ac tiv ity  of sim ple nervous units, 
and the  results of his w ork are th e  basis o f the  
subsequent developm ent of electroencephalography, 
which has a tta in ed  an  im portan t place in  bo th  
physiological and  clinical investigations.

By his researches on th e  exposed brains of animals, 
Prof. A drian determ ined the  laws of spread o f ac tiv ity  
in the  cortex, its  reactions to  na tu ra l and  artificial 
stim uli th a t  reach it, and showed th a t  th e  in teraction  
between a local excitation  and  th e  background of 
spontaneous ac tiv ity  is th e  essential feature of a 
cortical response. B y  a s tu d y  of the  com parative 
physiology of the  sensory areas of the  b rain  he has 
also shown how the ir developm ent an d  to  some ex ten t 
the ir reactions to  peripheral stim uli depend on the  
structure and  mode of life o f the  anim al.

* From  the rem arks m ade by  the  President of the B oyal Society in 
presenting the  m edals for 1946.

A fter determ ining the  representation  in  th e  brain  of 
receiving sta tions fo r superficial and proprioceptive 
stim uli he investigated th a t  o f vision and  hearing. H e 
has even succeeded in dem onstrating  th e  different 
features o f impulses th a t  reach th e  visual cortex from  
the  rods and  cones o f th e  re tin a  ; he has also dealt 
w ith th e  d istribu tion  an d  significance of certain  non- 
sensory afferent im pulses, as those th a t  reach the 
cerebellum.

A drian has blazed m any tra ils  in  his exploration 
of th e  te rrito ry  of nerve physiology. I t  is certain  
th a t  for m any  years to  come his lead will be followed 
and  th e  new knowledge will be consolidated along 
the  lines of his pioneering work.

Rumford Medal
The R um ford Medal is aw arded to  Sir A lfred 

Charles Glyn Egerton, professor of chemical engineer
ing, U niversity  o f London, a t  th e  Im perial College 
of Science an d  Technology, for his distinguished 
researches on com bustion.

The R um ford Medal, founded in  1800, is aw arded 
once every second year “to  the  au th o r of th e  m ost 
im portan t discovery or useful im provem ent which 
shall be m ade an d  published by  p rin ting  or in  any 
w ay m ade known to  th e  public in  any  p a r t o f E urope 
during the  preceding two years on H ea t or on L ight, 
th e  preference always being given to  such discoveries 
as, in th e  opinion of th e  President and  Council o f the 
R oyal Society, ten d  m ost to  prom ote th e  good of 
m ankind” .

Sir A lfred E gerton adm irably  fulfils th e  require
m ents of these term s of aw ard. H e is a  physical 
chem ist whose researches have always been directed 
tow ards the  application of physico-chemical principles 
to  th e  process of com bustion of hydrocarbons in  all 
its  ram ifications. F or some tim e th e  approach to  
com bustion problem s has been em pirical because 
there was no satisfactory  physico-chem ical basis of 
th e  theoretical or p rac tica l aspects to  m ake fu rth e r  
significant progress possible. This background has 
now been p a r tly  provided by  E gerton, who was one 
of th e  first to  see clearly how necessary i t  was to  
apply  th e  new  conceptions of com bustion to  the 
complex processes occurring under the  conditions 
obtaining in  in ternal com bustion engines. One of the  
g rea t obstacles to  achieving g rea ter efficiency is the 
difficu lty  of preventing prem ature detonation. This 
phenom enon is essentially a  chemical one in  th e  sense 
th a t  organic peroxides, produced during com bustion, 
are known to  be responsible for th e  pre-ignition. Thus 
th e  chemical behaviour o f peroxides m ight provide a 
key to  th e  solution o f the  problem , and m uch of 
E gerton’s w ork has been devoted to  th is  inquiry. 
The investigation involved th e  elaboration o f special 
physical techniques, since ordinary  chemical m ethods 
were inapplicable to  th is type of research.

D uring th e  W ar, E gerton has directed his a tten tion  
to  th e  v ita l problem  of ensuring th a t  com bustion 
appliances should be devised and operated w ith  th e  
m axim um  possible efficiency. This can only be 
achieved by a thorough scientific analysis, h itherto  
lacking, m ainly  because the  problem  had  scarcely 
been considered w orthy of serious study . The result 
o f his labours cannot fail to  be of g reat benefit to  
G reat B rita in  during th e  period o f very  low fuel 
production, an d  will lead to  considerable economies 
in  all circumstances.

The characteristic o f E gerton ’s w ork has been th e  
application of m odem  physico-chemical m ethods to  
curren t scientific and technical problem s of great
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m om ent, com bined w ith  experim ental researches 
developed w ith  g reat ingenuity.

Royal Medals
A R oyal Medal is aw arded to  Sir W illiam  Lawrence 

Bragg, Cavendish professor of experim ental physics 
in the  U niversity  o f Cambridge, for his investiga
tions of the structu re  of solids.

The diffraction of X -rays by  crystals was observed 
in  1912 by  Laue, F riedrich and K nipping, b u t the  
pioneers of th e  present-day developm ent are th e  la te  
Sir W illiam Bragg and his son Sir Lawrence. I t  was 
W . L. B iagg who form ulated th e  law n= 2 d /sin  0 
th a t  is now so fam iliar in all studies concerned w ith  
th e  structu re  of molecules and the ir sta tes o f aggrega
tion. Soon afte r L aue’s discovery there followed, 
from  fathe r and  son, a series o f papers on the  pheno
m ena of X -ray  ‘reflexion’ on one hand  and  the  
determ ination  of fundam ental crysta l structures 
on th e  other, th e  far-reaching consequences of which 
could scarcely have been foreseen, even by  the ir 
authors. A t the  present tim e, crysta l analysis by 
X -rays is an  established technique, a  sharp  tool of 
research th a t  lays bare th e  complexities of organic 
and m ineral m a tte r  alike.

The inspiration an d  genius of Bragg are seen in so 
m any of the  m odern developm ents of X -ray  diffrac
tion  to  struc tu ra l analysis th a t  i t  is possible to  select 
only a few outstanding illustrations. H is principal 
in terest has always lain in  th e  in te rp re ta tion  of 
diffraction phenom ena, w ith  th e  view of m aking the  
actual m ethods of analysis m ore precise, m ore simple, 
and  more extended. In  developing such m ethods he 
and  his collaborators have elucidated the  atom ic 
arrangem ent in a g reat num ber of fundam ental types 
of inorganic crystal structures. Chief am ong these 
are those of the  diam ond and the  elem entary salts 
an d  oxides, in  the  s tudy  of which th e  subject found its 
first beginnings. A fter these, perhaps his g reatest 
analytical success is shown in the  field of the  silicates. 
A chemical riddle has been transform ed in to  a system  
of sim ple and  elegant architecture. H e has also con
trib u te d  greatly  to  our knowledge of th e  structu re  of 
m etals and  alloys an d  th e ir  phase changes, and of th e  
relations between the ir physical properties and 
atom ic arrangem ent in  th e  crystalline sta te . L atte rly , 
he has brought to  a  still clearer focus the  concept o f 
X -ray  diffraction as a  branch of optics, and  has thus 
in itia ted  m ethods th a t  have already gone far tow ards 
replacing th e  earlier laborious calculations by  rapid  
devices based on the  analogy of th e  diffraction of 
visible light.

The im plications and  applications of th e  principles 
and  m ethods of X -ray  spectroscopy and  X -ray  
structu re  analysis are one of th e  wonders of m odem  
science, and  w ith  th is  m anifold trium ph  th e  nam e of 
Sir Lawrence Bragg is inseparably associated.

A Royal Medal is aw arded to  D r. Cyril D ean 
D arlington, director o f th e  Jo h n  Innes H orticu ltu ra l 
In stitu tion , in recognition o f his distinguished 
contributions to  cytology.

The im portance of D arling ton’s w ork lies n o t so 
m uch in the  discovery of isolated new phenom ena— 
although he has discovered m any  of these— b u t 
ra th e r  in th e  achievem ent o f a synthesis which 
brings together a  highly diversified body of apparen tly  
disconnected facts in to  an integrated  system .

D arlington’s first m ajor achievem ent was th e  clari
fication of th e  relations between th e  two m ain form s

of nuclear division—m itosis and  meiosis. O ut o f the 
confused m ass of available observations, he singled 
ou t as fundam entally  significant tw o facts : first, 
th a t  chrom onem ata a t tra c t one another specifically, 
by  an  a ttrac tio n  which is satisfied when tw o sim ilar 
th reads are associated ; and  secondly, th a t  in the 
earliest stage of m itosis each chromosome is already 
split in to  two halves, while a t  the  beginning of meiosis 
th ey  are still single. On the  basis o f these two facts, 
he showed th a t  the  relation between th e  two form s of 
division could be understood as th e  resu lt o f a  
tem poral sh ift in  th e  operation of a single physiological 
process. H is so-called ‘precocity’ theory  of meiosis 
was then  supported by  a  whole series of new observa
tions, in which the  resources of com parative s tudy  and 
of new techniques were used for th e  specific purpose 
of obtaining answers to  critically  form ulated  
questions.

S tarting  from the  basis o f th e  relation between the  
two m ajor forms of nuclear division, D arlington has 
pursued his inquiry in two directions. On one hand, 
he has accum ulated a  very large body of facts con
cerning the  detailed mechanics o f cell division in 
m any different groups of p lan ts and  anim als. The 
com parative m ethod enabled him  to  reach im portan t 
new conclusions as to  th e  mechanism of crossing-over, 
th e  cycles of spiralization and contraction of chrom o
somes, th e  n a tu re  of th e  m ito tic spindle and  th e  
forces exerted by it  and w ithin it, th e  role o f the  
centrom eres and  so on. These resu lts have la id  a 
b road foundation of observation and  deduction which 
appears, for the  first tim e, firm enough to  bear a 
superstructure of physico-chemical in terpretation . 
Proceeding in quite another direction, D arlington 
discussed th e  im plication of his cytological ideas on 
evolutionary theory. The existence of th e  m ito tic 
an d  m eiotic modes of division had  been explained as 
the  resu lt o f different m odalities in  th e  application 
of a single set of physiological principles ; D arlington 
showed th a t,  further, slighter modifications could 
produce m any of the  widely diverse series o f repro
ductive mechanisms m et w ith  in  th e  anim al and 
p lan t kingdoms. H e em phasized th e  fac t th a t  the  
mechanism of evolution is itse lf sub ject to  evolu
tio n ary  changes.

More recently, D arlington’s work has led him  to  
th e  investigation of the  general problems of gene 
action, o f the  physiological action of th e  tw o m ajor 
types of nucleic acid, and  th e  relation between the 
gene an d  other sim ilar bodies in th e  cytoplasm . 
D arlington was one of th e  first to  en ter th is  highly 
speculative field, and  he has contribu ted  n o t only his 
full quo ta  of stim ulating  speculation, b u t also a  large 
share of the  still scanty  facts. I t  is n o t too  m uch to  
say  th a t  D arlington’s results and  theories are recog
nized as th e  basis o f m odem  nuclear cytology.

Davy Medal
The D avy Medal is aw arded to  Prof. Christopher 

K elk Ingold, professor of chem istry in th e  U niversity  
of London, a t  U niversity  College, for his ou tstanding 
researches in physico-organic chem istry.

Progress in one of th e  m ost active fields of chemical 
science during the  present century  has resulted  from 
a ttem p ts  to  elucidate th e  detailed mechanism of 
organic reactions in  term s of m odem  physical concepts. 
T hroughout th is  developm ent, Ingold’s contribu
tions have been especially distinguished. Possessing 
detailed knowledge and understanding of bo th  the  
physical and organic branches of th e  science, he has
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been in a  position to  effect th e  synthesis o f th e  two 
modes of approach w ithou t which a successful a tta c k  
on th e  difficult, y e t fundam ental, problem s involved 
could n o t be achieved.

I t  is n o t possible in short compass even to  outline 
the range of investigations w ith  which Ingold has 
been concerned, b u t brief m ention m ay be m ade of 
the work on stereochem istry dealing w ith  ring strain  
and the  effect o f gem d im ethyl groups on th e  valency 
angles of carbon. A fu rthe r application of underlying 
physical principles is evident in  his investigations of 
tautom erism  in tr ia d  system s, and  in  the  develop
m ent of our ideas on ring-chain tautom erism . This 
work led on to  m ore general studies of th e  mechanism  
of reactions, including th e  difficult question o f sub 
stitu tion  in  the  benzene ring, in  addition  to  the  
ordinary reactions of organic chem istry, such as 
hydrolysis and  substitu tion , which despite the ir 
apparent sim plicity have proved to  be com plicated 
and difficult to  in te rp re t. The success which Ingold 
has achieved in in terp reting  these phenom ena in 
term s of th e  electron theory  of valency is s tr ik in g ; 
bu t in  add ition  he has played th e  m ost prom inent 
part in th e  experim ental investigations which have 
led to  our present knowledge of the  k inetics and 
mechanism of organic chemical reactions. Ingold 
always has been interested in th e  elucidation of the  
course of chemical change by  application of physico
chemical m ethods based on reaction velocities, and 
in th is field m ay be cited  th e  extensive work on the 
mechanism of substitu tion  a t an  aliphatic carbon 
atom , leading to  th e  recognition of th e  uni- and 
bi-molecular processes, by  m eans of which so m uch 
has been done to  solve the  difficult problems raised 
by th e  W alden inversion and th e  phenom ena of 
racemization. In  these in tractab le regions the  con
tribu tion  of Ingold and his flourishing school are of 
fundam ental im portance.

A nother aspect o f his work involves a still deeper 
concern w ith  physical principles as applied to  organic 
chemical problem s. H is in terest in the chem istry of 
benzene has led him  to  investigate in th e  fullest detail, 
using infra-red and  R am an  spectra, and indeed all 
available physical m ethods of approach, the  fine 
structu re  of the  benzene molecule. In  order to  p ro 
vide the  necessary d a ta  i t  was necessary to  devise 
m ethods for the  p reparation  of the  various deu terium - 
substitu ted  benzenes—no m ean fea t o f organic chem 
istry  in itself—and  th e  in te rp re ta tion  of the  experi
m ental results in  term s of quantum  mechanical 
principles has recently  been published in an issue of 
the Journal o f the Chemical Society, which he m on
opolized. A lthough his theoretical contributions have 
a ttrac ted  m ore a tten tio n , th e  originality  o f his 
experim ental technique is equally no tew orthy and 
his happy  selection of crucial te s ts  am ounts to  genius.

Darwin Medal
The D arw in Medal is aw arded to  Sir D ’Arcy 

W entworth Thompson, professor of na tu ra l history  
in the  U niversity  o f St. Andrews, in  recognition of 
his distinction as a  zoologist.

Sir D ’Arcy Thompson is now in his sixty-second 
year as a  professor o f biology and na tu ra l history. 
He published his first scientific paper in  1879. His 
most distinguished work, “On Growth and  F o rm ” , 
appeared in 1917 and  was republished in a  new and 
enlarged edition in  1942. H e is still w riting, b u t 
mainly in  th e  field of th e  classics, where be is a 
considerable scholar, and  a g reat au th o rity  on all 
animals th a t  have appeared in  classical texts.

D ’Arcy Thom pson’s scientific w ork ranges over a 
wide field of general zoology and  m arine biology. H e 
is an  expert on th e  subject of fisheries, and  for a 
considerable period did tireless w ork bo th  for the  
Conseil In ternational pour l ’E xploration  de la Mer 
and  the  F ishery  B oard for Scotland, carrying out 
hydrographical observations and being responsible for 
a g reat deal o f fishery sta tistics . In  th e  m ain, how 
ever, D ’Arcy Thom pson’s scientific repu ta tion  rests 
on his w ork on grow th, an d  th e  dim ensional re la tion 
ships of anim al forms. The b e tte r  p a r t  o f th e  founda
tion  of m odern research in to  these subjects is his 
dem onstration  of m ethods by  which th e  shape of the 
living organism can be brought in to  th e  field of 
controlled m athem atical inquiry.

D ’Arcy Thom pson’s w ork springs essentially from  
an  inquiry  into th e  relationships of anim al forms, 
an d  from  an a tte m p t to  introduce a  degree of m a th e
m atical precision into the  otherw ise purely  descriptive 
language of system atic evolution. H e was able to  
show, for example, th a t  th e  evolution of one form 
from  ano ther could often be illum inated by  the  use 
of Cartesian transform ations. By m aking clear the  
form al u n ity  and coherence in the  relationship of 
anim als which apparen tly  differ in  a  m u ltitude of 
ways, his studies m ade possible th e  q u an tita tiv e  
dem onstration of steps in the  evolution of different 
forms, and  m ore so, th e  orderly process o f change in 
th e  developm ent o f th e  sam e form. In  his own words, 
grow th can be studied  as a system atic deform ation 
of form  a t  an  earlier stage. H e showed, for example, 
th a t  relative grow th-rates in different p a rts  of the  
body are d istribu ted  according to  an  ordered system  
of growth-gradients. This concept can be applied to  
certain  types of evolutionary transform ation, since it 
helps to  explain how a  single genetic change can 
au tom atically  affect bo th  th e  size and  the  growth 
interrelations of several organs. The developm ent 
and illustration  of th e  theory  of allom etry is another 
extension of D ’Arcy Thom pson’s ideas.

The wide varie ty  o f problem s to  th e  solution of 
which D ’Arcy Thompson has opened th e  door is well 
indicated  in  th e  ‘F estsch rift’ presented to  him  last 
year. In  introducing his classic “ On Growth and 
F o rm ” , D ’Arcy Thom pson declared th a t  i t  required 
no preface, since it  was all preface. H is elaboration 
of th e  subject covers so wide a  field, however, th a t,  
un til such tim e as some different and  all-embracing 
set o f general propositions is p u t forward to  tak e  the  
place of those he propounded, individual contributions 
to  th e  s tudy  of grow th an d  bodily transform ation 
m ust necessarily represent iso lated  developm ents of 
th e  s truc tu re  which he has presented  to  us. D ’Arcy 
Thom pson’s w ork will always be regarded as a 
necessary step  in  th e  developm ent o f biological 
knowledge.

Sylvester Medal
The Sylvester Medal is aw arded to  Prof. George 

Neville W atson, professor of pure m athem atics in th e  
U niversity  of Birm ingham , in  recognition of his 
distinguished contributions to  m athem atical analysis.

Prof. W atson is a  m athem atician  of outstanding 
perseverance and analy tical skill. F o r fo rty  years he 
has devoted his energies to  pure m athem atics, and 
has m ade m any im portan t and  exhaustive con tri
butions, particu larly  in th e  field of analysis. The 
m ost im portan t researches of W atson’s earlier period 
are those on asym ptotic expansions : his g reat
m em oir “A Theory of A sym ptotic Series” appeared 
in  th e  Philosophical Transactions o f 1911 and  was
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followed by  a  stream  of other w ritings dealing w ith 
th e  characteristics and  transform ations of these 
series, an d  w ith  th e ir  applications to  several well- 
known functions of im portance in  m athem atical 
physics. This group of discoveries has enriched the 
region of m athem atics in  which S tirling was the  
pioneer two centuries ago, and  where th e  m ethods of 
approxim ation are reduced to  a  precise science. These 
include th e  m ethod of ‘steepest descent’, and  any 
account o f asym pto tic  series to -day  m ust be based 
to  a  g reat ex ten t upon W atson’s discoveries.

A bout th a t  tim e m any  of th e  ablest pure m a th e 
m aticians were try ing  to  sum a difficult oscillating 
series involving Bessel and Legendre functions, which 
had  presented itse lf in  th e  theory  of th e  diffraction 
of wireless waves round the  earth . W atson solved 
th e  problem by a  new m ethod (1918), and  w ent on 
to  s tudy  the  m ore difficult case of th e  transm ission 
of electric waves when it  was assum ed th a t  the  ea rth  
is surrounded by  a  concentric conducting layer, as 
suggested by Heaviside. W atson’s powerful analysis 
m ade possible a  g reat advance in  th e  physical theory .

A nother exam ple of his capacity  for providing a 
b rillian t solution of a problem which had  been 
a ttem p ted  by  m any of his predecessors is furnished 
by  his paper on the  R ogers-R am anujan  identities. 
Following th is  came his work on general transform s 
in  which he solved a  problem which m any  celebrated 
m athem aticians had  a ttem p ted  w ithout success. 
This is probably W atson’s g rea test achievem ent, and  
ranks as one of the  m ost im portan t contributions to  
th e  subject m ade in  recent years. In  addition  it  has 
had  the  g reat m erit o f inspiring a large am ount of 
w ork by  o ther m athem aticians. Among the  more 
notable papers o f the  nex t years were those on 
“Generating Functions of Glass-Numbers” , on 
R am anu jan ’s continued fraction , and  one th a t  gave 
the  proof of R am anu jan’s assertion about the  num ber 
691 which occurs in ‘alm ost a ll’ the term s of a certain  
infinite product when expressed as a  series. The 
series o f papers on singular m oduli, during th e  period 
1932-36, are deservedly celebrated.

H is g reat book on Bessel functions is perhaps the  
m ost impressive single w ork th a t  has ever been 
w ritten  on th e  analysis of functions. In  collaborating 
w ith  Prof. E . T. W h ittak er in th e  second and  la te r 
editions of “Modern A nalysis” , he has shown the  
same b read th  and  power an d  has influenced the  course 
of higher analy tical m athem atical teach ing  th ro u g h 
out th e  w orld.

Hughes Medal
The H ughes Medal is aw arded to  P rof. Jo h n  

T urton  R andall, W heatstone professor o f physics a t  
K ing’s College, U niversity  o f London, in recognition 
of his distinguished contribu tions to  applied physics, 
and  especially o f his developm ent o f the  m agnetron.

In  1940 Prof. R andall, while w orking in the  
labora to ry  of Prof. M. L. O liphant, a t  Birm ingham , 
agreed to  jo in  Dr. H . A. H . B oot in an endeavour to  
utilize the  m agnetron principle for th e  production  of 
electrom agnetic waves of frequency g rea ter th a n  
3,000 Mc./sec. P revious w ork in the  labo ra to ry  had 
shown th a t  sa tisfac to ry  circuits for these w ave
lengths m ust be an  in tegral p a r t o f th e  in te rnal 
stru c tu re  of th e  valve itself. R andall and B oot 
toge ther p u t forw ard the  suggestions th a t  such a 
circuit, for a  m ulti-segm ent m agnetron, should 
consist o f a revolver-like arrangem ent of holes, 
spaced evenly abou t a circle, each hole com m unicating 
by  m eans of a  slo t w ith  a cen tral cav ity  in  which the

cathode was m ounted. The first tria ls  w ith  dem ount
able valves using tungsten  cathodes were im m ediately 
successful, and i t  was shown th a t  th e  suggested form 
of valve can generate continuously oscillations of the 
required wave-length.

W ith  the  assistance of S. M. Duke, R andall and 
B oot were able to  develop m ethods of construction 
o f th e  m agnetron which enabled oxide-coated cathodes 
to  be used, and which therefore gave high powers 
when th e  valve was subjected to  pulsed operation. 
Em pirical investigation fixed the  best coupling 
arrangem ent by which the  power could be fed into an 
ex ternal circuit. Careful investigation o f th e  operation 
of a valve showed th a t  i t  was subject to  sudden 
changes of wave-length, a condition which lim ited its 
applicability  to  Service equipm ent. This difficulty 
was overcome by  th e  ‘strapp ing ’ m ethods developed 
by  D r. J .  Sayers.

There is little  doubt th a t  th e  m agnetron valve was 
th e  prim e factor in  th e  im provem ents m ade in radar 
during th e  W ar, and R andall deserves a very large 
share of th e  credit for th is  development.

H e contributed  also to  th e  problem  of crystal 
detection  of centim etre waves.

R andall’s studies of fluorescence and phosphor
escence were of a high standard , and  his careful and 
painstaking experim ental w ork did m uch to  establish 
on a firm basis the  theories o f sem i-conductors 
developed by  W ilson and  others, and  especially the 
assum ptions about the  existence of ‘electron tra p s ’. 
H is w ork on practicable phosphors has been of 
im portance in the  developm ent of fluorescent lamps, 
and  of th e  screens of cathode-ray tubes.

R andall has also m ade contributions to  th e  X -ray  
investigation of the  structures o f glasses and  of 
liquids, and he developed satisfactory  form s of oxide 
cathodes for th e  fluorescent lamps.

ELECTROMETRIC ANALYSIS

A JO IN T  m eeting of the  Physical M ethods Group 
of th e  Society of Public A nalysts and other 

A nalytical Chemists, the  Cardiff and D istric t Section 
o f the  Royal In s titu te  o f Chem istry and th e  South 
Wales Section of the Society of Chemical Industry  
was held a t  U niversity  College, Cathays Park, 
Cardiff, on October 11, when th ree papers were read 
on “Electrom etric A nalysis” .

In  discussing the  im provem ents to  pH-m easuring 
apparatus for use w ith  th e  glass electrode, Mr. A. D. 
E lm sly Lauchlan pointed ou t th a t  i f  th e  glass elec
trode is to  be robust, its  resistance will be very high, 
and accurate results can only be obtained if  the  valve 
is arranged to  have a high grid resistance, such as 
10 13 ohms, and the  lead from  the  electrode to  the 
valve is well screened and carefully insulated ; a 
leakage of 1 0 9 ohms can produce errors of about 
8-9 per cent. The use of m odern insulating m aterials, 
however, has raised the  insulation to  such a level as 
to  m ake error from  th is  source negligible. Small four- 
electrode valves are now used instead of th e  large 
special electrom eter types, and an  instrum ent was 
shown in which these im provem ents have been 
carried out.

Some m anufacturers in  th e  U nited S tates have 
adopted the  electronic detector, th e  so-called ‘magic 
eye’, in  place of the  usual galvanom eter; b u t possibly 
on account o f its  slightly lower sensitivity and  the 
difficulty in  noticing small changes in  th e  shadow a t
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the balance point, i t  has no t been used on pH  m eters 
in G reat B ritain . The expansion of au tom atic 
recording and  controlling of p H  has been largely due 
to such im provem ents as have been m ade in  m anually  
operated instrum ents, ra th e r th a n  to  any  particu lar 
feature o f th e  recorder itself.

Im provem ents in the  glass electrode due to  the  use 
of pure m aterials free from  alum inium  oxide have 
enabled theoretical results to  be obtained over a  wide 
range of pH . Such electrodes are th ick  and strong, 
and can be m ade as sm all as 2-5 mm. in  diam eter ; 
they are useful for m icro-tests and  for medical and 
dental work.

F u rth e r im provem ents have resulted in  th e  produc
tion of a  glass electrode for use in  th e  alkaline range 
up to  p H  14 ; the  sodium ion error o f a 1 N  solution 
a t pH  12 is zero w ith  th e  new electrode, whereas for 
the usual type  i t  is abou t 0-6 pH . The accuracy of 
such an electrode was abou t 0-02  pH . Exam ples of 
various types of glass electrode were shown.

The la test types of elec tro-titra tion  apparatus are 
much nea ter and  smaller th a n  the  prototypes, and 
here again th e  galvanom eter or th e  ‘magic eye’ is 
employed as th e  detector of the  equivalence point. 
The slightly lower sensitiv ity  of th e  ‘magic eye’ is of 
less im portance, as m uch larger po tential changes are 
encountered. The instrum ents are battery - or 
mains-operated, depending on th e  detector used, and 
there is little  to  choose between them  in a  m a tte r of 
convenience. B oth  types were suitable for all the 
usual acid-alkali and potentiom etric titra tions, and a 
dem onstration of th e  la tte r  was . given showing the 
large deflexion a t  th e  equivalence point w ith  one drop 
of a dilute solution. These instrum ents are especially 
convenient for the  ‘dead sto p ’ end-point method, 
which is rapidly  finding new fields.

The applications of th e  electro-titration apparatus 
were discussed more fully by Mr. R . J .  Carter, who 
dealt w ith  acid-alkali, precip itation  and  oxidation- 
reduction types in general, and w ith  the  K arl Fischer 
m ethod of determ ining sm all am ounts o f w ater in 
some detail. E lectrom etric m ethods for acid-alkali 
titra tions are particu larly  suitable where feebly 
dissociated acids and  bases give poor end-points ; 
accurate results can nearly  always be obtained by 
noting the  change of sign of the  second differential 
when the  e .m .f . is p lo tted  against th e  volume of the  
reagent used. T itrations can also be carried out in 
non-aqueous m edia m ade conducting by  th e  addition 
of lith ium  chloride, or by  using a  m ixed solvent such 
as benzene and  isopropyl alcohol w ith  1  per cent of 
water. The solvent m ust perm it sufficient ionization 
of acidic m aterials o f dissociation constants greater 
th an  10~7 in  w ater.

A m ethod for determ ining the  saponification num ber 
of fa ts  and oils, which avoids the  need for a  blank 
titra tion , was described. The titra tio n  curve obtained, 
afte r saponifying the  oil, by  titra tin g  w ith  acid shows 
two breaks ; th e  acid added in th e  portion  between 
the  two inflexion points on the  curve is th e  am ount 
required to  liberate the  free fa tty  acid, and th is  is 
equivalent to  th e  saponification num ber of th e  oil.

A series of graphs giving th e  types of titra tio n  
curves obtained w ith  various non-aqueous solvents 
was shown, indicating th a t  by  a choice of a suitable 
solvent i t  is easy to  distinguish between acids the 
pK a (aqueous) values of which are very  close 
together.

In  m any potentiom etric titra tions, particularly  
those involving th e  use of silver, there is a  danger 
th a t th e  liquid from  the  reference cell m ay leak out

and  contam inate th e  te s t solution. This difficulty is 
nea tly  overcome by  th e  use of th e  glass electrode as 
reference cell, provided th e  hydrogen ion ac tiv ity  o f 
th e  solution does n o t change appreciably.

Exam ples were given of the  titra tio n  of two ions 
in  solution in  the  presence of each other, such as 
hydrogen sulphide and thiophenol, by  titra tin g  w ith 
JV/10 alcoholic silver n itra te  in N /10  alcoholic sodium 
acetate , a  procedure com parable w ith  th e  estim ation 
of m ercaptans in petroleum . Graphs were also shown 
of titra tio n  curves of the  sim ultaneous determ ination 
of iodide and  chloride, and  of th iocyanate and 
chloride.

The oxidation-reduction titra tio n  by  ferrous am 
m onium  sulphate of th e  n itra te  ion, form ed by  th e  
decomposition of nitroguanidine w ith  concentrated 
sulphuric acid, and  its possible application to  the  
estim ation of n itrourea , were m entioned, together 
w ith th e  determ ination  of fluorine in  organic com 
pounds w ith  cerous n itra te , as interesting extensions 
of older m ethods.

Polarization end-points, discussed in  principle in 
the  th ird  paper, were shown to  have applications to  
already existing m ethods, such as the  determ ination 
of dissolved oxygen in w ater and of ascorbic acid by 
means of 2-6 dichlorophenol indophenol. The 
m ethod offers greater sensitiv ity  th a n  the  starch  
indicator and is also capable of high accuracy in  
coloured solutions.

Perhaps th e  m ost ou tstanding  use to  which the 
m ethod has been placed is th e  determ ination  of small 
am ounts o f w ater by  means of th e  K arl F ischer 
reagent, used for the  determ ination of m oistures. 
The m aterial of which th e  w ater content is to  be 
determ ined is mixed w ith a solution of iodine in 
pyridine sa tu ra ted  w ith  sulphur dioxide ; th e  w ater 
in the  sample allows some of th e  iodine and sulphur 
dioxide to  react, and th e  excess iodine is found by  
back titra tio n  w ith  m ethanol containing a  known 
quan tity  of w ater. The com plete rem oval of the 
iodine a t  th e  end-point allows th e  cathode to  become 
polarized and the  galvanom eter needle returns to  
zero. B y the  use of a higher polarizing e .m .f . of 1-2 
volts instead of the  m ore usual 15-20 millivolts, i t  
has been found possible to  m ake a  direct titra tio n , 
when th e  end-point is given by  the  excess iodine 
depolarizing th e  cathode and causing the  galvano
m eter needle to  be deflected.

From  th e  am ount of litera tu re  on th e  subject, the  
m ethod appears to  have alm ost unlim ited applications, 
such as the  estim ation of organic radicals, carbonyl 
compounds by  reaction w ith  hydroxylam ine hydro
chloride, th e  hydration  of salts, and th e  analysis of 
m ixtures o f prim ary and secondary amines,

I t  was a  p ity  th a t  D r. D. P . E v an s’s paper on 
polarization end-points could no t be given in  full, 
owing to  the lateness o f the hour, as th is  subject is well 
worth careful s tudy  by those in terested  in im proving 
existing titra tio n s and also in finding new volum etric 
m ethods. A brief description was presented of 
the  principle of the  polarization end-point, which 
was first given proper recognition by Foulk  and 
Bawden in  th e  U nited  S tates ; th e  m ethod is p a r ti
cularly a ttrac tiv e  as th e  ease of determ ining the 
equivalence point is m uch greater th a n  w ith  the  
potentiom etric m ethods, the  a tta inm ent of equili
brium  being alm ost instantaneous.

W hen two noble m etal electrodes are immersed in 
a  solution and are connected to  a source of e .m .f . 
less th a n  the  m axim um  back e .m .f . developed by  the  
system , a  current will flow for a  short tim e un til
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small quantities o f oxygen and  hydrogen have been 
deposited on th e  anode and  cathode. The back 
e .m .f . developed then  reduces th e  curren t to  an  
extrem ely small value, so th a t  a  galvanom eter 
connected in series w ith  the  electrodes alm ost im m e
diately  shows no deflexion, or a t  th e  m ost only a  small 
displacem ent of th e  needle. The subsequent addition  
of a  substance capable of depolarizing one of the 
electrodes gives rise to  a  deflexion on the  galvano
m eter.

In  order to  dem onstrate th e  m ethod, a  titra tio n  of 
N /500 sodium th iosulphate w ith  iodine was shown. 
W ith  th e  electrodes imm ersed in  the  solution of 
thiosulphate and connected to  a source of e .m .p . of 
15-20 millivolts, th e  galvanom eter showed zero 
deflexion since the  back e .m .f . of th e  cell is due to  
th e  polarization of the  cathode ; th e  anode rem ains 
depolarized by the  reducing action o f the  thiosulphate. 
The addition  of small quantities of iodine causes a 
tem porary  displacement of th e  galvanom eter needle 
as th e  iodine partia lly  depolarizes th e  cathode ; b u t 
th e  hydrogen, which has been removed, is quickly 
replaced, and the  needle re tu rn s to  zero un til an 
excess o f iodine keeps the  cathode depolarized and 
reduces th e  back e .m .e ., so th a t  the  galvanom eter 
needle is steadily  deflected by th e  current flowing.

An inversion of th e  above titra tio n  allows the  
current to  flow un til the  th iosulphate removes all the 
iodine and allows the  back e .m .e . to  rise, bringing the  
current and  therefore th e  galvanom eter needle to  
zero ; hence the  te rm  ‘dead s to p ’ end-point.

Ip. practice, i t  is considered b e tte r to  adop t the 
form er scheme whereby th e  electrodes rem ain 
polarized un til the  equivalence point, as there is no t 
th e  same danger o f over-running the  end-point.

W hen working w ith d ilute solutions such as N /500, 
an  error can arise due to  an  insufficiency of iodide 
ions to  depolarize th e  anode, so th a t  the  accidental 
current passing w ith  th e  addition  of each drop of 
iodine added to  the  thiosulphate results in polariza
tion  of the  anode and, therefore, an increase in  the 
back e .m .e . An excess of iodine m ust then  be added 
to  reverse th e  galvanom eter deflexion. This error can 
am ount to  0-16 ml. on I ml. o f N j500 iodine ; b u t 
by  the  simple expedient o f adding 5 ml. o f 10 per 
cent potassium  iodide solution, results repeatable to  
0-01 ml. of N j500 iodine can be obtained, an 
accuracy far beyond th e  capabilities of the  starch  
indicator.

In  th e  discussion which followed these papers, the 
relative m erits o f th e  galvanom eter and the  ‘magic 
eye’ as th e  detector in p H  m eters were reviewed ; i t  
was sta ted  th a t  while i t  was possible to  detect 
changes of 2-3 m illivolts on th e  ‘magic eye’, the  
galvanom eter was considered to  be ra th e r b e tte r  as 
changes of 1 m illivolt could be noted. The m ention 
of standard  half-cells for electro-titrations brought 
forw ard th e  interesting application of th e  glass 
electrode for such a  purpose where changes in pH  do 
n o t tak e  place. W hen such a  condition could n o t 
always be obtained, i t  was possible to  have a glass 
electrode m ade specially insensitive to  p H  changes.

A fter hearing th e  papers, i t  was clear th a t  electro
m etric analysis should n o t and need n o t be con
sidered as a  special means to  be used when others 
f a i l ; suitable apparatus and well-tested m ethods are 
now available, which together can help th e  analyst to  
obtain  more quickly even m ore accurate results. The 
papers presented a t  th e  m eeting will be published in 
due course in  th e  Analyst.

A. D. E lm sl y  L atjohlan

VENEREAL DISEASES IN GREAT 
BRITAIN

RELIA B LE inform ation about the  incidence of 
venereal diseases in  B rita in  is still lacking. 

This is particularly  th e  case w ith  gonorrhoea, where 
m any patients, especially since the  sulphonam ide 
era, seek private trea tm en t. Since 1931, when 
clinics began to  record num bers of ‘new’ syphilis 
infections (of less th an  one year’s duration), i t  has 
been possible to  get a  fairly accurate idea of the 
tren d  in th is  disease.

The increase in syphilis in the  F irs t W orld W ar 
was offset in  the  tw o.decades th a t followed by  the 
use of drugs of the  arsphenam ine series. F o r gonor
rhoea there were, u n til com paratively recently , no 
com parable remedies, and the  figures for th is disease 
rem ained unchanged between th e  W ars.

The Second W orld W ar brought a m arked increase 
in venereal diseases, b u t the  use of sulphonamides 
for gonorrhoea, and, more recently, of penicillin for 
bo th  gonorrhoea and syphilis, has kept the  situation 
from  degenerating to  the  sta te  reached in  1918.

The incidence of early syphilis contracted  in  B ritain  
declined by more th an  46 per cent between 1931 and 
1939, rose sharply then  to  reach a peak abou t 1943 
and  then  s ta rted  to  decline slowly. An increase in 
1945 suggests the im portation of disease from  abroad. 
The ra te  per 10,000 of population was : in  1931, 
2-28; 1939, 1-21 ; 1943,2-34; 1944,2-26; 1945,2-60.

So far as can be ascertained the  increase in 
gonorrhoea was less th an  th a t in syphilis, and  reached 
its peak in 1942, when it was probably about 86 per 
cent higher th an  in 1939. B y 1944 it had  declined to 
about 35 per cent higher th an  in 1939, b u t th is 
decline was entirely accounted for by  males, the  rate  
in  females actually  increasing in 1944.

In  1942 the  Government, in co-operation w ith the 
Central Council for H ealth  Education , began a 
campaign to  com bat the  spread of venereal diseases. 
Radio broadcasts, films, newspaper and  magazine 
advertisem ents, posters and pictorial exhibitions 
were employed. Surveys suggested th a t  th e  campaign 
was approved and  understood by th e  public.

The in troduction of Defence R egulation 33B in 
1942 was th e  first departure from  th e  practice of 
trea ting  venereal disease on an  entirely  voluntary  
basis. The Regulation was aim ed a t  the  habitual 
spreader o f disease and provides th a t  any  person 
nam ed as a  source of infection by tw o or more 
patien ts m ay be compelled to  undergo exam ination 
by  a special practitioner and to  receive any  necessary 
trea tm en t • un til pronounced “free from  venereal 
disease in  a communicable form ” . Only a  few thous
ands of cases have been thus brought under control, 
b u t even so the  effort has been of im portance.

There has also been increasing use of social workers 
by  trea tm en t centres to  trace contacts and  do follow
up work.

Since 1939, forty-one new trea tm en t centres have 
been opened, and existing centres have held additional 
sessions. There was close co-operation between the 
civilian and the  Forces venereal diseases services1.

Specially qualified general practitioners have been 
appointed, especially in rural areas, to  tre a t patients 
w ith venereal diseases, and  th e  increased facilities 
ensure, so far as possible, th a t no patien t need travel 
more th a n  ten  miles for trea tm en t.

Jam es  M arshall

1 Nature, 151 .46 (1943).
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FORTHCOMING EVENTS
(Meetings marked with an asterisk * are open to the public)

Monday, December 9
I nstitution of P ost Office  E lectrical E ngineers (a t F araday  

Building, 9th Floor, South Block, K nightrider Street, London, E.C.4), 
a t 5 p.m.—Mr. C. H . W rig h t: “ The Circuit Laboratory in W ar-tim e” .

R oyal Society of Arts (a t John  Adam Street, Adelphi, London, 
W.C.2), a t  5 p.m .— Capt. J .  C. Taylor : “Marine Life-Saving A ppli
ances” (Thomas Gray Lecture).

I nstitute of F uel (a t the In stitu tion  of M echanical Engineers, 
Storey’s Gate, St. Jam es’s P ark , London, S .W .l), a t  6 p.m .—Major 
Kenneth Gordon : “ Progress in the H ydrogenation of Coal and  T a r” .

Society of I nstrument T echnology, North-West Section  (a t 
the College of Technology, Manchester), a t  7.15 p.m .—Mr. J .  O. C. 
Vick : “ Organisation of an  Industria l Instrum ent D epartm ent” .

Chemical Society, E ir e  Section (in the  D epartm ent of Chemistry, 
University College, Upper Merrion Street, Dublin), a t  7.30 p.m .— 
Prof. Harold C. Urey: “ Isotopes” .

Tuesday, December 10
British  R heologists’ Club (joint meeting w ith the F araday 

Society, a t  the Royal Society of Arts, John Adam Street, Adelphi, 
London, W.C.2), a t  2.30 p.m .—Mr. R . L. Brown : “D ila tancy” 
Dr. E. W. J .  Mardles : “ Thixotropy” .

Zoological Society of L ondon (a t R egent’s P ark , London, N .W .8), 
a t 5 p.m.— Scientific Papers.

R oyal I nstitution  (a t 21 Albemarle Street, London, W .l), a t  
5.15 p.m.— Sir H arold Spencer Jones, F .R .S . : “ Three Astronomical 
Centenaries, 3, TJhe Discovery of the P lane t Neptune, 1846” .*

I nstitution of E lectrical E ngineers, R adio Section (a t Savoy 
Place, Victoria Em bankm ent, London, W.C.2), a t  5.30 p.m .—Dis
cussion on “ The Design and Performance of Receiving Aerials for 
Television”  (to be opened by Mr. E. C. Cook, and to  which members 
of the Television Society a re  invited).

R oyal Anthropological I nstitute (a t 21 Bedford Square, Lon
don, W .C.l), a t  5.30 p.m.—Dr. Tracy Philipps : “ The European
Ethnological Composition of Canada” .

I lluminating E ngineering  Society (a t the E.L.M.A. Lighting 
Service Bureau, 2 Savoy Hill, Strand, London, W.C.2), a t  6 p.m .— 
Mr. A. Cunnington and Mr. G. W . Golds : “ Railway Lighting, some 
Lessons from Experience and  Views on the F u ture” .

Chemical Society, Northern I reland Branch (in the Great 
Hall, Queen’s University, Belfast), a t  8 p.m .—Prof. Harold C. U re y : 
“ Isotopes” .

I nstitute of P hysics, Scottish Branch (a t the  University, 
Glasgow),—Prof. M. L. O liphant, F .R .S .: “ Betatrons” .

I nstitution of Structural E ngineers, Lancashire and 
Cheshire Branch (a t the College of Technology, Manchester).—Mr. 
F. R . S. Smith and Mr. G. F o r re s t: “Aluminium Alloys, their Proper
ties and  some of their Applications to S tructure” .

Wednesday, December 11
Manchester Statistical Society (a t the Reform Club, King 

Street, M anchester), a t  5 p.m .— Dr. W . H u b b a ll: “ The Cotton T rade’s 
War-time Commodity Supplies” .

R oyal Society of Arts (a t John Adam Street, Adelphi, London, 
W.C.2), a t  5 p.m .—Mr. John Gloag : “Planning Research for Industrial 
Design” .

Geological Society of L ondon (a t Burlington House, Piccadilly, 
London, W .l), a t  5.30 p.m .—Dr. Basil Charles King : “ The Textural 
Features of the Granites and  Invaded Rocks of the Singo B atholith 
of Uganda and  their Petrogenetic Significance” ; Mr. P e ter Colley 
Sylvester-B radley: “The Shell S tructure and Evolution of the
Mesozoic Ostracod Cypridea”.

I nstitute of P etroleum (joint m eeting with the  I nstitution of 
F ire  E ngineers , a t  Manson House, 26 Portland  Place, London, 
W .l), a t  5.30 p.m .— Symposium on “ Oil Fires” .

I nstitution of E lectrical E ngineers , T ransmission Section 
(a t Savoy Place, Victoria Em bankm ent, London, W.C.2), a t  5.30 p.m. 
—Mr. R . C. Cuffe : “Lightning Surges on Transmission Lines in Ire 
land” .

Manchester L iterary  and P hilosophical Society (in the 
Reynolds H all, College of Technology, M anchester), a t  5.30 p.m.— 
Mr. F . Ian  G. Rawlins : “N atural Philosophy and the Fine A rts” .*

R oyal Aeronautical Society (a t the Institu tion  of Civil Engineers, 
Great George Street, London, S .W .l), a t  6 p.m .—Mr. S. P . Woodley : 
“Photolofting” .

I nstitute of F uel , N orth-Western  Section (a t the Engineers* 
Club, A lbert Square, Manchester), a t  6.30 p.m .—Films : “ Steam ” 
(Babcock and  W ilcox); “ Steam ” and  “Furnace Practice”  (Ministry 
of Fuel and Power).

I nstitution of Civil  E ngineers, N orth-Western  Association 
(a t the Engineers’ Club, A lbert Square, Manchester), a t  6.30 p.m.—Mr. 
J. M. W ish a rt: “ The Developm ent of Sewage Purification Processes”

R oyal Institute of Chemistry , Newcastle-upon-Tyne Section 
(in the Chemistry Lecture Theatre, King’s College, Newcastle-upon- 
Tyne), a t  6.30 p.m .—Mr. R . Belcher and Dr. C. L. Wilson : “Methods 
and A pparatus in Inorganic Microchemistry” , including a  dem onstra
tion of methods and an  exhibition of apparatus.

Society of Chemical I ndustry, Nutrition  P anel (a t the 
Chemical Society, Burlington House, Piccadilly, London, W .l), a t 
6.30 p.m.—Mr. D. P . Hopkins : “Fertilizers, M anures and  N utrition” 
Members of the Agriculture and  Food Groups are invited).

Society of D yers and  Colourists, Midlands Section  (a t the 
Loughborough H otel, Loughborough), a t  7 p.m .— Symposium on 
“ U.S.A. and  Canada” .

Thursday, December 12
S o c i e t y  o f  D a i r y  T e c h n o l o g y , M i d l a n d  S e c t i o n  (a t the  North 

Stafford H otel, Stoke-on-Trent), a t  2 p.m .—Mr. H . B. H aw ley: 
“Aspects of Creamery Hygiene and Process Control” .

I m p e r i a l  I n s t i t u t e , M i n e r a l  R e s o u r c e s  D e p a r t m e n t  (in the 
Cinema H all, Im perial In stitu te , South Kensington, London, S.W.7), 
a t  3 p.m .—Mr. L. J. D. Fernando : “ The Geology and  Mineral 
Resources of Ceylon” (R ecent Progress in Geological Investigation 
and  M ineral Developments in the Colonies, 6).*

I n s t i t u t e  o f  F u e l , E a s t  M i d l a n d  S e c t i o n  (a t the Gas D em onstra
tion Theatre, Nottingham ), a t  3 p.m .— Dr. C. C. H a l l : “ Oil from Coal 
by  the  Fischer -  Tropsch Process in Germ any” .

L in n ea n  Society of L ondon (a t Burlington House, Piccadilly, 
London, W .l), a t  5 p.m .— Scientific Papers.

R oyal I nstitution  (a t 21 Albemarle Street, London, W .l), a t  
5.15 p.m .—D r. K ath leen  Lonsdale, F .R .S . : “W hat Chemistry Owes 
to  X -Rays, 2, Organic and Biological Chem istry” .*

I n s t i t u t i o n  o f  E l e c t r i c a l  E n g i n e e r s , I n s t a l l a t i o n s  S e c t i o n  
(a t Savoy Place, Victoria Em bankm ent, London, W.C.2), a t  5.30 p.m. 
—Dr. G. E . I la e fe ly : “ Growing Im portance of Plastics in the Elec
trica l Ind u stry ” .

I n s t i t u t e  o f  F u e l  (a t the  Institu tion  of M echanical Engineers, 
Storey’s Gate, St. Jam es’s Park , London, S .W .l), a t  6 p.m .—Mr. 
K enneth Gordon : “Progress in the H ydrogenation of Coal and  T ar” .

I n s t i t u t e  o f  P h y s i c s , M a n c h e s t e r  a n d  d i s t r i c t  B r a n c h  (joint 
meeting w ith the I l l u m i n a t i n g  E n g i n e e r i n g  S o c i e t y , in the 
Reynolds H all, College of Technology, M anchester), a t  6.30 p.m.— 
Dr. J . H . Shaxby : “ Colour and  the  E ye” .

I n s t i t u t i o n  o f  M e c h a n i c a l  E n g i n e e r s , G r a d u a t e s ’  S e c t i o n  
(a t Storey’s Gate, St. Jam es’s P ark , London, S.W .l), a t  6.30 p.m.— 
Mr. Z. M. llogowsky : “M echanical Principles of the Screw Extrusion 
M achine” .

W o m e n ’ s  E n g i n e e r i n g  S o c i e t y  (in Room 4, Gas Industry  House, 
1 Grosvenor Place, London, S .W .l), a t  6.30 p.m .— Exhibition of Tech
nical Films : “ Engineering in W ar and Peace” , “ The M osquito” , 
“Kelvin, M aster of M easurem ent” .

W o m e n ’ s  E n g i n e e r i n g  S o c i e t y , M a n c h e s t e r  B r a n c h  (a t the 
Engineers’ Club, A lbert Square, M anchester 2), a t  6.30 p.m .—Miss 
A. G. Shaw : “Motion S tudy” .

C h e m i c a l  S o c i e t y  (in the’ Chemistry D epartm ent, The University* 
M anchester), a t  7 p.m .— Scientific Papers.

R oyal P hotographic Society (joint meeting of the  Scientific 
and T echnical Group and  the Colour Group, a t  16 Princes’ Gate, 
London, S.W.7), a t  7 p.m .—Mr. R . G. H orner : “ Requirem ents of 
Reproduction”  (“ How it  W orks in Colour Photography” , 2).

P h a r m a c e u t i c a l  S o c i e t y  (a t 17 Bloomsbury Square, London, 
W .C .l), a t  7 p.m .—Dr. T. E . W allis : “A Study of Pollen” .

R o y a l  I n s t i t u t e  o f  C h e m i s t r y , T e e - s i d e  S e c t i o n  (joint meeting 
w ith the N e w c a s t l e  S e c t i o n  of the S o c i e t y  o f  C h e m i c a l  I n d u s t r y , 
a t  N orton H all, Norton, Stockton-on-Tees), a t  7.15 p.m .—D r. M. P . 
Applebey “ The Changing Relation of Science and  Industry” .

S o c i e t y  o f  D y e r s  a n d  C o l o u r i s t s , W e s t  R i d i n g  S e c t i o n  (a t 
the  G reat N orthern Victoria H otel, B radford), a t 7.15 p.m .—Dr. 
C. S. W hew ell: “F u rth er Developm ents in Scouring” .

P h a r m a c e u t i c a l  S o c i e t y , M a n c h e s t e r , S a l f o r d  a n d  D i s t r i c t  
B r a n c h  (joint meeting w ith the G u i l d  o f  P u b l i c  P h a r m a c i s t s , in 
the Lecture Theatre, St. M ary’s H ospital, M anchester), a t  7.45 p.m .— 
Mr. R . G. H ep p e ll: “ R adium  in the T reatm ent of Cancer” .

Friday, December 13
Oil  and Colour Chemists’ Association, Manchester Section 

(a t  the Engineers’ Club, A lbert Square, M anchester), a t  2 p.m .—Mr. 
F . F an cu tt and Dr. J .  C. H udson : “ The Protection of Ships’ Bottom s, 
and  the Form ulation of Anti-Corrosive Compositions” .

R oyal Astronomical Society (a t Burlington House, Piccadilly, 
London, W .l), a t  4.30 p.m .—Mr. J . P . M. Prentice : “Visual Observa
tion o f the Giacobinids, 1946” ; D r. A. C. B. Lovell, Mr. C. J .  Banwell 
and  Mr. J . A. Clegg : “ Radio-echo Observation of the Giacobinids, 
1946”  ; Mr. J .  S. Hey, Mr. S. J .  Parsons and  Mr. G. S. S tew art: 
“ R ad a r Observations of the Giacobinid M eteor Shower, 1946”  ; Prof. 
S. Chapman, F .R .S .: “ Electrom agnetic Forces in Solar Prominences” 
(discussion); Prof. T . G. Cowling : “AlfvSn’s Theory of Sunspots” .

Chemical E ngineering  Group (a t the  Geological Society, Burling
to n  House, Piccadilly, London, W .l), a t  5.30 p.m .—Mr. D. A lla n : 
“ A Survey of F a t Splitting” .

I nstitute of F uel , South W ales Section  (a t the  Engineers’ 
In stitu te , Cardiff), a t  5.30 p.m .—Dr. J . H . Griffiths : “ Cleaning South 
Wales Small Coal” .

I nstitution  of E lectrical E ngineers , Measurements Section 
(a t  Savoy Place, Victoria Em bankm ent, London, W.C.2), a t  5.30 p.m. 
—Mr. R. S. J . Spilsbury and  Mr. A. Felton : “A Millisecond Chrono- 
scope” ; Mr. A. B utterw orth  : “A Sensitive Recording M agneto
m eter” .

I nstitution  of Mechanical E ngineers (a t Storey’s Gate, St. 
Jam es’s Park, London, S.W .l), a t  5.30 p.m .—Mr. S. J . W rig h t; 
“Mechanical Engineering and A griculture”  (F irst Agriculture Lecture)

N orth-E ast Coast I nstitution  of E ngineers and Shipbuilders  
(a t  the Literary and Philosophical Society, Newcastle-upon-Tyne), 
a t  6 p.m .— Sir Alfred Egerton, F .R .S . : “ Combustion of Fuels” 
(Andrew Laing Lecture).

I nstitute of E conomic E n g in eerin g , L ondon R egion  (a t Cow- 
dray  H all, H enrie tta  Place, London, W .l), a t  7 p.m .—Mr. J . R . K e l l : 
“ Industrial H eating”
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P a p e r  M a k e r s ’  A s s o c i a t i o n  ( T e c h n i c a l  S e c t i o n ) ,  N o r t h e r n  

D i v i s i o n  (a t the Engineers’ Club, M anchester), a t  7  p.m .—Mr. Edwin 
Davis : “Non-Ferrous M etals in the Paper Ind u stry ” .

R o y a l  I n s t i t u t i o n  (a t 2 1  Albemarle Street, London, W . l ) ,  a t 
9 p.m .— Dr. C. I t. Harington, F . I t .S . : “ The Body’s Chemical Mech
anisms of Defence” .

Saturday, December 14
N o r t h - E a s t  C o a s t  I n s t i t u t i o n  o f  E n g i n e e r s  a n d  S h i p b u i l d e r s , 

S t u d e n t  S e c t i o n  (a t Bolbec H all, Newcastle-upon-Tyne 1 ) ,  a t 
6.45 p.m .—Mr. R obert Hinchliffe : “ 50 Years of Progress in P ro
pulsive Efficiency”.

APPOINTMENTS VACANT
A p p l i c a t i o n s  a r e  i n v i t e d  f o r  t h e  f o l l o w i n g  a p p o i n t m e n t s  o n  o r  

b e f o r e  t h e  d a t e s  m e n t i o n e d :
L e c t u r e r  i n  B i o l o g y  (with subsidiary Chemistry) a t  the  Technical 

College and  School o f Art— The Chief Education Officer, Shire Hall, 
Cambridge (December 14).

T e a c h e r  o f  M e c h a n i c a l  E n g i n e e r i n g  S u b j e c t s  in the  part-tim e 
D ay and  Evening Classes and the Secondary Technical School of Engin
eering—The Principal, Hendon Technical College, The Burroughs, 
Hendon, London, N.W.4 (December 14).

S e n i o r  S c i e n t i f i c  O f f i c e r  or S c i e n t i f i c  O f f i c e r  for work on 
general information, preparation o f reports, etc., a S e n i o r  S c i e n t i f i c  
O f f i c e r  or S c i e n t i f i c  O f f i c e r  for statistical work on problems con
nected w ith the  carbonization of coal in coke ovens and  general 
investigations, a  S c i e n t i f i c  O f f i c e r  or E x p e r i m e n t a l  O f f i c e r  for 
work a t  the Midland Coke Research Station, Sheffield, and L a b o r a t o r y  
A s s i s t a n t s , Grades I I  and  I, for work a t  the  Midland Coke Research 
Station, Sheffield, w ith experience in the Coke Oven Industry—The 
Secretary, British Coke Research Association, 11-12 Pall Mall, London, 
S.W .l (December 16).

S e n i o r  E x p e r i m e n t a l  O f f i c e r s  (9) a t  the  Building Research 
Station of the D epartm ent of Scientific and Industrial Research— 
The Secretary, Civil Service Commission, 6 Burlington Gardens, 
London, W .l, quoting No. 1703 (December 19).

S e n i o r  P r i n c i p a l  S c i e n t i f i c  O f f i c e r , and P r i n c i p a l  S c i e n t i f i c  
O f f i c e r s  or S e n i o r  S c i e n t i f i c  O f f i c e r s  (2), in the R oad Research 
Laboratory of the D epartm ent of Scientific and Industrial Research— 
The Secretary, Civil Service Commission, 6 Burlington Gardens, 
London, W .l, quoting No. 1702 (December 19).

P r i n c i p a l  S c i e n t i f i c  O f f i c e r s  ( 2 ) ,  P r i n c i p a l  S c i e n t i f i c  O f f i c e r s  
or S e n i o r  S c i e n t i f i c  O f f i c e r s  ( 2 ) ,  and  S e n i o r  S c i e n t i f i c  O f f i c e r s  
(4), a t  the Building Research Station of the D epartm ent of Scientific 
and  Industria l Research—The Secretary, Civil Service Comm issi on, 
6 Burlington Gardens, London, W .l, quoting No. 1704 (December 19).

S e n i o r  P r i n c i p a l  S c i e n t i f i c  O f f i c e r  to take charge of the Physics 
Section of the Fuel Research Station of the D epartm ent of Scientific 
and Industrial Research—The Secretary, Civil Service Commission, 
6 Burlington Gardens, London, W .l, quoting No. 1700 (December 19).

P h y s i c a l  C h e m i s t s  as Principal Scientific Officers in the  Chemical 
Research Laboratory of the D epartm ent o f Scientific and  Industrial 
Research—The Secretary, Civil Service Commission, 6 Burlington 
Gardens, London, W .l, quoting No. 1701 (December 19).

P r i n c i p a l  L e c t u r e r s , S e n i o r  L e c t u r e r s  and L e c t u r e r s  (perm
anen t and  tem porary) in metallurgy, h ea t engines, machines, mechanics 
and  m aterials, a t  the M ilitary College of Science, Shrivenham, Swindon 
—The Secretary, Civil Service Commission, 6 Burlington Gardens, 
London, W .l, quoting No. 1698 (December 20).

P s y c h i a t r i s t , experienced and  fully qualified (with good practical 
experience of the treatm ent of children)—The Hon. Medical Director, 
Belfast Child Guidance Clinic, Belfast H ospital for Sick Children, 
Belfast (December 20).

C h i e f  M e t a l l u r g i s t  by the  M inistry of Supply to  tak e  charge of 
the chemical, m etallurgical and  testing laboratories of the Royal 
Ordnance Factory, Woolwich—The M inistry of Labour and  N ational 
Service, Technical and Scientific Register, Room 572, York House, 
Kingsway, London, W.C.2, quoting No. F.1257A (December 23).

L e c t u r e r  i n  O r g a n i c  C h e m i s t r y —The Principal, Brighton 
Technical College, Brighton 7 (December 28).

R e g i o n a l  D i r e c t o r s  of Extension W ork (2)—The Secretary, 
Edinburgh and  E ast of Scotland College o f Agriculture, 13 George 
Square, Edinburgh 8 (December 31).

C u r a t o r  of the City Museums—The Town Clerk, Room 57, Civic 
H all, Leeds 1, endorsed ‘Curator of the  City Museums’ (December 31).

S e n i o r  L e c t u r e r  i n  E d u c a t i o n a l  P s y c h o l o g y  a t  the  Brighton 
Training College for Women—The Education Officer, 54 Old Steine, 
Brighton (December 31).

D e v e l o p m e n t  E n g i n e e r —The D eputy Director, Scottish Seaweed 
Research Association, W est M ains R oad, Edinburgh 9 (January  1).

L e c t u r e r  i n  C h e m i c a l  E n g i n e e r i n g — The Acting Clerk to the 
Governors, South-W est Essex Technical College and  School of A rt, 
Forest Road, W althamstow, London, E.17.

C h e m i s t  w ith a view to being trained  for spectrographic analysis— 
The Secretary, Edinburgh and E ast of Scotland College of Agriculture, 
13 George Square, Edinburgh 8 .

A s s i s t a n t  L e c t u r e r  i n  P h a r m a c o l o g y — The Dean, Guy’s H ospital 
Medical School, London Bridge, London, S .E .l.

C h e m i s t , and  a  T e c h n i c a l  A s s i s t a n t , in the D epartm ent of 
Chemical Pathology—The Secretary, W estm inster H ospital Medical 
School, 17 Horseferry Road, London, S.W .l.

A n a l y s t  fam iliar w ith m odern methods o f organic quantita tive  
micro-analysis—The Adm inistrative Officer, N ational In s titu te  for 
Medical Research, H am pstead, London, N.W.3.

C h e m i s t s  (3 ,  male) in the laboratories of the  P lan t and  Animal 
Products D epartm ent—The Establishm ent Officer, Im perial Institu te , 
South Kensington, London, S.W.7.

R e s e a r c h  W o r k e r s  to investigate problems concerning the relation
ship of footwear to health—The Director of Research, British Boot, 
Shoe and Allied Trades Research Association, 30-36 Thorngate Street, 
K ettering.

R e s e a r c h  A s s i s t a n t  i n  Z o o l o g y — Prof. A .  D. Peacock, University 
College, Dundee.

R e s e a r c h  O f f i c e r s  (a P h y s i c i s t , a  P h y s i c a l  C h e m i s t  and  a 
C h e m i s t ) ,  an  A s s i s t a n t  R e s e a r c h  O f f i c e r , and  L a b o r a t o r y  
A s s i s t a n t s —The Director, British P aper and  B oard Industry  Research 
Association, St. W inifred’s Laboratories, Welcomes R oad, Kenley, 
Surrey.

G r a d u a t e  A s s i s t a n t  i n  t h e  M e c h a n i c a l  E n g i n e e r i n g  D e p a r t 
m e n t , with special qualifications in Thermodynamics—The Principal, 
E rith  Technical College, E rith  Road, Belvedere, K ent.

L e c t u r e r s  i n  t h e  D e p a r t m e n t  o f  M e c h a n i c a l  E n g i n e e r i n g — • 
The Principal, Borough Polytechnic, Borough Road, London, S .E .l.

S e n i o r  L e c t u r e r  i n  P h y s i c s — The Principal, Sir John  Cass 
Technical In stitu te , Jew ry Street, London, E.C.3.

L e c t u r e r  i n  M e c h a n i c a l  E n g i n e e r i n g  in the H arris Institu te— 
The Principal, Technical College, Corporation Street, Preston.

REPORTS and other PUBLICATIONS
{not included in  the monthly Books Supplement)

Great Britain and Ireland
Society for the Protection of Science and  Learning. F ifth  R eport, 

1946. Pp . 20. (Cam bridge: W estm inster College, 1946.) [116
Freshw ater Biological Association of the British Em pire. Scientific 

Publication No. 11 : Freshw ater Biology and W ater Supply in Britain. 
By Dr. W. H . Pearsall, A. C. Gardiner and  Dr. F . Greenshields. Pp. 
90. (Ambleside : F reshw ater Biological Association of the  British 
Em pire, 1946.) 4s. [ n o

Jou rna l of the  British Grassland Society. Edited by  H . I. Moore. 
Yol. 1 , No. 1, M arch. Pp . 88. (Aberystwyth : British Grassland Society, 
Agricultural R esearch Building, 1946.) Subscription to Nos. 1-2, 
H)s. [116

Space, Time an d  R ace : or the  Age of M an in America. B y Dr. 
R . E . G. Arm attoe. Pp . 16. (L ondonderry : Lomeshie Research 
Centre, 1946.) Is . 9d. [H 6

Science and  H um an Welfare. The Proceedings of a  Conference held 
in London 15th-17th  F ebruary  1946, and sponsored by  the  Association 
of Scientific W orkers, supported by  the B ritish Association of Chemists, 
the Institu tion  of Professional Civil Servants, the  Association of 
University Teachers, the  Physical Society, the N utrition Society, 
the  In s titu tion  of Electronics. Pp . 72. (London : Temple Fortune 
Press, 1946.) 2s. 6d. [126

Other Countries
Smithsonian In stitu tion  : United States N ational Museum. Bulletin 

188 : The Fresh-water Fishes of Siam, or Thailand. By H ugh M. 
Smith. Pp . xi +  622 +  9 plates. 1.50 dollars. Bulletin 189 : A 
Descriptive Catalog of the  Shore Fishes of Peru. By Samuel F . 
H ildebrand. Pp. xi +  530. 1.25 dollars. (W ashington, D .C .: Govern
m ent P rinting Office, 1945-1946.) [215

Occult Chemistry Investigations : a  Record of the Exam ination 
by C lairvoyant Magnification in to  the  Structure of 99 Chemical 
Elem ents and  Compounds. By Annie B esant and  C. W. Leadbetter. 
E dited  by C. J inarajadasa. Pp. 20. (Adyar, M adras : Theosophical 
Publishing House, 1946.) 8 annas. [275

Nigeria : Developm ent Branch, Fisheries. A nnual R eport, 1945. 
Pp . 4. (Lagos : Government P rin ter ; London : Crown Agents for 
the  Colonies, 1946.) 3d. [305

Commonwealth of A ustralia : Council for Scientific and  Industrial 
Research. Bulletin No. 191 : Studies of the Physiology and Toxicology 
o f Blowflies. 10, A Histochemical Exam ination of the D istribution 
of Copper in Lucilia cuprina : 11, A Q uantitative Investigation of the 
Copper Content o f Lucilia cuprina. By D. F . W aterhouse. Pp . 39 +  1 
plate. (Melbourne : Government Printer, 1945.) [305

Publications of the Dominion Observatory, O ttaw a. Vol. 13 : 
Bibliography of Seismology. No. 18: Item s 5935-6046, Ju ly  to  Decem
ber 1945. By Ernest A. Hodgson. Pp . 292-316. (O ttaw a : K ing’s 
P rin ter, 1946.) 25 cents. [36

N orthern Rhodesia. Advisory Committee on Industria l Develop
m ent, F irs t R eport. Pp . 27. (Lusaka : Government P rin ter, 1946.) 
Is . [66

Panstwowa R ady  Ochrony Przyrody. Nr. 56 : Pam i§tnik X IX
zjazdu Panstwowej R ady  Ochrony Przyrody odbytego w Krakowie 
21 i 22 wrzesnia 1945 r. Pp. 128. 50 zl. Chronmy Przyrody Ojczysta 
(Protection of N ature in Poland.) Rok 1, Nr. 2-3. P p . 88 . 25 zl. 
Rok 2, Nr. 1-2. Pp . 64. 25 zl. (Krakow : Panstw owa R ad a  Ochrony 
Przyrody, 1945-1946.) [66

Spisy vyd&vane Prlrodovedeckou Fakultou  M asarykovy Univer
sity  (Publications de la Faculte des Sciences de l’Universit<5 M asaryk). 
Cis. 272 : Tragacanthae novae. Scripsit G. Sirjaev. Pp . 8 . Cis. 273 : 
Sur les espaces (£) e t sur les produits Cartesiens (£) (O £-prostorech 
a  k a rt6zsk£ch £-soufcinech.) P a r Josef Novdk. Pp . 28. Cis. 274 : 
Raciondlni zborcen’a  plocha stupnS §est6ho, 1 (Eine rationale Regel- 
flache sechsten Grades.) N apsal FrantiSek Fiirle. Pp . 23. Cis. 275 : 
Teorie grupoidu, Cdst prvni (Grupoidentheorie. Teil 1.) N apsal O. 
Boruvka. Pp. 17. Cis. 276 : Pakom dri (Chironomidae) z 16<5iv^ch 
pram enu Stfednl Evropy (Chironomids Inhabiting  the M ineral Springs 
of Middle Europe.) N apsal J an  Zavrel. Pp . 15. Cis. 277 : Energetika 
torsnfch kyvadel (E tude des oscillations non am orties d ’un Syst^me 
de pendules de torsion couples.) N apsal Josef Zahradnidek. Pp . 18. 
(Brno : A. PISi, 1939-1946.) [66

Im perial College of Tropical Agriculture. R eport of the Governing 
Body, the  Principal’s R eport for 1945, and  the Accounts for the Year 
ended August 31st, 1945. Pp . 32. (T rinidad and  London : Im perial 
College of Tropical Agriculture, 1946.) [116

Smithsonian Institution : In s titu te  o f Social Anthropology. Publica
tion No. 2 : Cheran, a  Sierra Tarascan Village. By R alph  L. Beals. 
Pp . x  +  225 +  8 plates. (W ashington, D .C .: Government Printing 
Office, 1946.) [116
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THE B.D.H. 
CAPILLATOR

for making p H  determinations in 
pathological and biological work 
when only small quantities of 
fluid are available, and for turbid 

or dark coloured liquids.
A Capillator consists of a series of sealed 
capillary tubes containing mixed buffer 
solutions and an indicator, mounted in 
groups of three on a 3 in. by 4f in. card. 
The Capillator exhibits the complete colour 
changes of the indicator. Tests are made 
by mixing equal volumes of indicator and 
fluid, and comparing in a capillary tube 
with the Capillator Standards.

C a p illa to r c a rd s  and  o u tfits  a re  
Illu stra ted  In the B .D .H . booklet on 
‘pH Values’ . Requests for copies 

are invited.

TH E BRITISH DRUG H O U SES LTD.
B.D.H. LABORATORY CHEMICALS GROUP 

PO O LE Dorset
Telephone: Poole 962 Telegrams: Tetradome Poole

FLOWMETERS 
F O R  GAS a  LIQUID
ROTAMETERS

Indicate the momentary 
rate of flow of gas or 

liquid in pipe lines

FR IC T IO N LESS  O P E R A T IO N  
L O W  P R E S S U R E  LOSS

Main flow Rotameters for flows from 
I Litre/hr. and up to 2,500 Cu. ft./hr. 

Orifice Rotameters for large diameter 
pipe lines.

The Policy for Children
£12 a  year invested for a child will 
provide benefits at age 18, 21, or 25. 
The investment may be made by a 
parent or friend.

e.g. Ii the investment is begun within two 
months oi birth it will provide, at age 21, £323 
in cash, or a life policy lor £1.044.

The Equitable Life 
Assurance Society

(founded 1762)
19, Coleman Street London. E.C.2.

No shareholders. No commission.

VALVES FOR RESEARCH
AND

ELECTRONIC CONTROL
Photo-cells, Ignitrons, 
Thyratrons, Rectifiers,

Safety Gaps
• •

VALVES FOR THE 
CENTIMETRE W AVE BAND

Magnetrons, Klystrons,
Crystal Rectifiers

• •

Please send details of your requirements to :

B T H  RUGBY
T H E  B R I T I S H  T H O M S O N - H O U S T O N  ' " O M P A N Y  L I M I T E D .  R U G B Y .  E N C L A N D
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(Continued from page iii of Supplement)
FISH EXPERT REQUIRED BY THE IRAQI 

Government Ministry of Economic Affairs for 
three years in the first instance. Salary Iraq dinars 
100 a month, plus high cost-of-living allowance at 
I.D.24 a month (1 Iraq dinar = £1 sterling). Free 
passages. Provident fund. Candidates must be 
capable of administering the Ministry’s Fisheries 
Department and, in particular, of reorganizing 
arrangements for fish production and marketing 
with regard to both deep-sea and fresh-water 
fisheries. A scientific knowledge of problems of 
fish production and stocking is also necessary. 
Apply at once by letter, stating age, whether 
married or single, and full particulars of qualifica
tions and experience, and mentioning this paper, 
to the Crown Agents for the Colonies, 4, Mill- 
bank, London, S .W .l, quoting M /N /14573 on 
both letter and envelope.

APPLICATIONS ARE INVITED FOR THE 
post of Development Engineer in a laboratory in 
High Wycombe working on radio frequency heat
ing and transmitting equipment. Applicants should 
be A.M.I.E.E. or equivalent. A sound knowledge 
of machine-design principles is essential. Experi
ence should have covered several of the following 
subjects: R.F. induction heating, metallurgical
engineering, electrical power distribution and 
switch gear, mechanical or production engineering, 
workshop practice, or high-power radio transmitt
ing equipment. Salary would be between £550 and 
£650 per annum, according to qualifications. Appli
cations should be addressed to the Personnel 
Manager, P.R.T. Laboratories, Ltd., Common- 
wood House, near Chipperfield, Herts.

THE BRITISH BOOT, SHOE. AND ALLIED 
Trades Research Association, 30-36, Thorngate 
Street, Kettering, invite applications from research 
workers with appropriate qualifications to investi
gate problems concerning the relationship of foot
wear to health. Examples a re : The effects of 
shoes on poise, gait, and orthopaedic functions ; 
also the influence, in physiological aspect, of shoe 
materials and construction on comfort, perspira
tion, and ventilation. Salary according to qualifi
cations and experience and on a scale comparable 
with that of the scientific civil service. Super
annuation under F.S.S.U. Applications to the 
Director of Research.

ASSISTANT LIBRARIAN (MALE) WANTED 
by the Institution of Electrical Engineers to act 
directly under the Librarian in the management of 
the Reference and Lending Libraries. Candidates 
must have a sound electrical engineering training 
and be graduate I.E.E. or hold an equivalent quali
fication. A knowledge of French or German is 
essential ; library experience is desirable. Age 25 
to 30. Salary £350 to £550, depending upon age and 
qualifications. Applications should be addressed to 
the Secretary of the Institution, Savoy Place, 
London, W.C.2._______________________________

SCIENTIFIC JOURNALIST. THE BRITISH 
Rubber Development Board invites applications 
from scientists of first-class ability, preferably with 
some experience of research work, capable of 
making intimate contacts with rubber research 
workers of the British Rubber Producers Research 
Association. Journalistic experience essential. 
The post would be for a probationary period of 
twelve months. Salary in accordance with appli
cant’s qualifications and experience. Applications 
should be submitted tq the Secretary, the British 
Rubber Development Board, 19, Fenchurch Street, 
London, E.C.3.

EDITORIAL ASSISTANT REQUIRED FOR 
the Journal of the Institution of Electrical 
Engineers. Engineering or science degree neces
sary. Experience in the preparation of scientific 
reports and a knowledge of foreign languages 
advantageous, but not essential. Age 24 to 35. 
Salary £400 to £550 per annum, according to age 
and experience. Applications should be addressed 
to the Secretary of the Institution, Savoy Place, 
London, W.C.2._______________________________

OIL COMPANY REQUIRES FOR SERVICE 
in its London geological research establishment:
(a) Senior Geological Laboratory Assistant experi
enced in the preparation of fossil specimens for 
study and in the cutting of thin rock sections, etc.
(b) Learner Laboratory Assistant for work as 
above. Salaries dependent on age and qualifica
tions. Applications to Box 762, T. G. Scott & 
Son, Ltd., 9, Arundel Street, London, W.C.2.

RESEARCH CHEMIST REQUIRED FOR 
development work on inorganic fluorescent 
materials. Experienced worker preferred, accus
tomed to carrying out original investigations. 
Salary according to qualifications. Write, stating 
age and particulars of experience, to Personnel 
Manager, E. K. Cole, Ltd., Southend-on-Sea, 
Essex.

METALLURGIST REQUIRED FOR LARGE 
oil refinery in the North West. Candidates must 
have first- or second-class honours degree (or 
equivalent) and aged not over 30. Sound know
ledge of corrosion and alloy metals essential. 
Some previous industrial experience desirable, but 
not essential. Salary according to age. qualifica
tion, and experience, details of which please 
supply, also when available, to Box 765, T. G. 
Scott & Son, Ltd., 9, Arundel Street, London, 
W.C.2.

PAINT CHEMIST REQUIRED FOR LARGE 
oil laboratory in the London area. Must have 
good university degree. Age under 30. At least 
two years’ experience with an industrial paint 
firm essential. Permanent position. Salary accord
ing to age, qualifications, and experience, details 
of which please supply, also when available, to 
Box 766, T. G. Scott & Son, Ltd., 9, Arundel 
Street, London, W.C.2.

CHEMISTS AND CHEMICAL ENGINEERS 
required for service at home and abroad with large 
petroleum organization. Vacancies exist for Re
search and Works Chemists. Previous industrial 
experience not essential, but candidates must 
possess first- or second-class honours degree, or 
equivalent, and be under 30 years of age. Salary 
according to age, qualifications, and experience, 
details of which please supply, also when avail
able, to Box 767, T. G. Scott & Son, Ltd., 9, 
Arundel Street, London, W.C.2.

APPLICATIONS ARE INVITED FOR THE 
post of General Secretary of the Chemical Society. 
Salary not less than £1,000 per annum. Applica
tions (six copies) should be addressed to the Honor
ary Secretaries, the Chemical Society, Burlington 
House, Piccadilly, W .l, by December 31, stating 
qualifications and administrative experience. Scien
tific qualifications are desirable, but not essential. 
The names of thre'e persons to whom reference 
may be made should be given.

WANTED FOR PETROLEUM RESEARCH 
Laboratory in London area, a graduate in physical 
chemistry with a few years’ experience of X-ray 
analysis, for research on catalytic materials. Salary 
according to qualifications and experience. Apply 
in writing to Dept. H.12, Box 770, T. G. Scott & 
Son, Ltd., 9, Arundel Street, London, W.C.2.

A VACANCY EXISTS AT THE EVANS BIO- 
logical Institute, Runcorn, for a young male or 
female University Graduate having a qualification 
in the biological sciences. The successful applicant 
will be required to undertake routine and research 
duties in connexion with the preparation of veterin
ary medical products. Applications should be 
addressed to the Medical Director.

PHYSICIST (25-35). FIRM  OF TEXTILE 
manufacturers wish to appoint for their laboratory 
a Physicist with some chemical knowledge and a 
knowledge of physics as applied to textile manu
facturing. Please write in first instance, giving full 
particulars of qualifications, experience, age, etc., 
to Box 771, T. G. Scott & Son, Ltd., 9, Arundel 
Street, London, W.C.2.

LARGE COMPANY HAS SEVERAL VACAN- 
cies in India /Burma for Chemists for research on 
problems connected with the development of oil
fields. Applicants, who should be not over 30, 
must have a sound knowledge of physical chemis
try and some experience of application of chemis
try to industry. Good terms and prospects. Four 
years’ contract with free passages, provident and 
pension fund benefits. Apply with full details of 
experience, qualifications, etc., to Box 772, T. G. 
Scott & Son, Ltd., 9, Arundel Street, London, 
W.C.2.

PRODUCTION CHEMIST REQUIRED TO 
assist departmental manager in chemical manu
facturing firm, East London. Quals. A.R.I.C. or 
B.Sc. degree, with three years* experience of con
trol and production in a chemical works. Salary 
£475. Position offers good prospects and is per
manent. Box 773, T. G. Scott & Son, Ltd., 9, 
Arundel Street, London, W.C.2.

ASSISTANT PETROLOGIST REQUIRED TO 
work on iron ores, slags, and refractories. Salary 
according to age and qualifications. Apply the 
United Steel Companies, Limited. Research and 
Development Department, Swinden House, Moor- 
gate, Rotherham.

JUNIOR ASSISTANT PHYSICIST REQUIRED 
in the Biophysics Research Group of the Mount 
Vernon Hospital and Radium Institute. North- 
wood, Middlesex. Salary scale £350 by £25 to £400 
per annum, with promotion to the Assistant 
Physicist scale after satisfactory service. Initial

BIOLOGIST REQUIRED IN THE Bio
physics Research Group of the Mount Vernon 
Hospital and Radium Institute, Northwood, 
Middlesex, to undertake a study of the effect of 
radiations on dividing cells in vegetable and animal 
tissues. Salary up to £450 per annum, according 
to qualifications. Applications should be sent to 
the Secretary (from whom further particulars may 
be obtained) not later than December 28, 1946.

JUNIOR ASSISTANT PHYSICIST REQUIRED 
in the Clinical Physics Department of the Mount 
Vernon Hospital and Radium Institute, North- 
wood, Middlesex. Previous experience not essential. 
Salary scale £350 by £25 to £400 per annum. 
Applications to the Secretary, from whom further 
particulars may be obtained.

TECHNICIAN DESIGNER REQUIRED~F0R 
the designing of rubber products. Age 24/26, with 
degree or higher national certificate. Apply 
Personnel Department (P M /L V G /102), Dunlop 
Rubber Co., Ltd., Erdington, Birmingham, 24.

ZOOLOGIST, B.SC. SPECIAL, ONE YEAR’S 
research experience, seeks post in London. Box 
P.227, T. G. Scott & Son, Ltd., 9, Arundel Street, 
London, W.C.2.

RESEARCH ASSISTANT IN  ZOOLOGY, 
pass or honours B.Sc., required. Particulars from 
Prof. A. D. Peacock, University College, Dundee.

OLD-ESTABLISHED FIRM IN  INDIA WITH 
British doctor on staff would consider representa
tion of Surgical Instrument Makers and Medicine 
and Drug Manufacturers. Reply Box 768, T. G. 
Scott & Son, Ltd., 9, Arundel Street, London, 
W.C.2.

GLASSBLOWER (COMPETENT). WITH 
ability to instruct, required by Midland Firm of 
Control Gear Makers. Good conditions, canteen, 
and 5-day week. Write, with full particulars, Box 
No. 321, 8, Serle Street, London, W.C.2.

WANTED BY LABORATORIES IN WEST 
London, Junior Assistant Chemist for analytical 
laboratory. Box No. 874, Spottiswoodes, Regent 
House, Kingsway, W.C.2.

WOMAN SCIENCE GRADUATE, 12 YEARS 
cereal chemist, staff control, 5 i years H.M. In
spector of Factories (temporary), seeks scientific 
and/or industrial employment. Box P.229, T. G. 
Scott & Son, Ltd., 9, Arundel Street, London, 
W.C.2.

A RESEARCH BIOCHEMIST REQUIRED 
immediately. Reply with full particulars to Secre
tary, Research Institute, 117, Grove Street, 
Liverpool. 7.

BACK NUMBERS OF N A TU R E  WANTED 
as follows: 1940—From the beginning of the year 
to No. 3674 and Nos. 3678, 79, 80, 98, 3708. 1941 
—Nos. 3715, 16, 18, 19, 24, 36, 51. 1942—Nos. 
3771, 3811, 12, 13, 14, 17. 1943—Nos. 3828, 38, 
39, 40, 44, 45, 46, 47, 49, and the rest of the year.
1944— From the beginning of year to 3877 and 
Nos. 3884, 85, 86, 87, 89, 91, 92, 93, 95, 96, 97, 
98, 99. 3900, 01, 02, 03, 04. 05, 06, 12, 13, 14, 15, 
16, 17, 18, 19, 20, 21, and the rest of the year.
1945— From beginning of the year to No. 3952 
inclusive and Nos. 3954, 62, 63. 64, 75, and the 
rest of the year. C. A. Reitzels Importafdeling, 
Norregade 20, Copenhagen, Denmark.

SCIENTIFIC SERIALS FOR SALE. PHYS1- 
cal Society Proceedings,* 1907-46 ; Science Ab
stracts* A and B, 1907-46 ; Geographical Journal, 
1920-46 ; Royal Astronomical Society Proceed
ings, 1933-46 ,' The Observatory,* 1919-39 ; Royal 
Society Proceedings, 1933-39 ; Nature, 1933-38 
(February) ; Journal of Scientific Instruments, 1939 
to 1946: a few parts missing. * Bound up to 1929. 
Offers to Box 774, T. G. Scott & Son, Ltd., 9, 
Arundel Street, London, W.C.2.

WANTED, BACK VOLUMES OF CHEMI- 
cal Periodicals, J.C.S., Brit. Abs. A. and B., 
Annual Reports, etc. Box 758, T. G. Scott & Son, 
Ltd., 9, Arundel Street, London, W.C.2.

RELIABLE TRANSLATIONS (GERMAN- 
English), technical and scientific, abstracts, sum
maries. Long linguistic experience in Gvt. service. 
Dr. Apfel, 10, Birchington Road, N .W .6.

CONTRIBUTIONS INVITED ON DAIRY 
subjects by journal devoted to the subject. Should 
have technical slant. Write, with suggestions, to 
Box P.221, T. G. Scott & Son, Ltd., 9, Arundel 
Street, London, W.C.2.

FOR SALE. JOURNAL I.E.E., ’30 TO ’46, 
complete, unbound ; Journal I.P.O.E.E., ’32 to 
‘46, less July ’33, unbound ; Wireless Engineer, 
*33, ’34, ’36, ’42. ’44, ’45, ’46, complete, unbound, 
and *32, ’35, ’37, ’41, ’43, less 9 issues. Offers to 
Box P.228, T. G. Scott & Son, Ltd., 9, Arundel 
Street, London, W.C.2.
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Our RARE BOOK DEPARTMENT Is the LARGEST 
Stockist of Complete Sets, Runs, and Separate Volumes of

SCIENTIFIC PERIODICALS, ACADEMICAL 
AND LEARNED SOCIETY PUBLICATIONS

(English and Foreign)
W E INVITE OFFERS OF THESE, FOR W H ICH  W E  ARE 
PREPARED TO PAY THE HIGHEST COMPETITIVE PRICES 

COMPLETE LIBRARIES PURCHASED 
Specially wanted. Complete set or any volumes of NATURE 

EARLY SCIENTIFIC WORKS AND BOOKS ON THE 
HISTORY OF SCIENCE WANTED

C A T A L O G U E S  I S S U E D

W M . D A W S O N  & S O N S  L T D .
43, W eym outh Street. - L O N D O N , W .l

Welbeck 1621

HEFFER’S of CAMBRIDGE
The Bookshop known the 

World over for all
SCIENTIFIC BOOKS

English or Foreign 
New and Secondhand

I f  y o u  have a n y  books to se ll 
y o u  a re  in v ite d  to  s u b m it l is ts

W . HEFFER &  SONS LTD. 3 & 4 Petty Cory, Cambridge

MICROSCOPE
OUTFITS WANTED

Highest prices paid. Let us know your require- 
ments if you wish to  E X C H A N G E  as we may be 

able to  help you.

D O LLO N D S (N) ESTD . 1750 
23a SEV EN  SISTERS R O A D ,

H O L L O W A Y , L O N D O N , N.7 
Telephone : Archway 3718

S T O C K  O V E R  2 600  S T A N D A R D  S I Z E S
COPPER BRASS ALUM INIUM
N I C K E L - S I L V E R  B R O N Z E  D U R A L U M I N  
R O D ,  B A R ,  S H E E T ,  S T R I P ,  W I R E ,  T U B E ;
Ask for 
Standard 
Size List

H. R O LLET  &£o
32 RO SEBERY  A VEN U E  

LO N D O N , E.C.I

No Quantity 
Too Small 

Home or Export

JAMES

S W IF T
& SON LTD.

Manufacturers of
M ICROSCOPES for

BIOLOGY, MINERALOGY, METALLURGY, 
PHOTOMICROGRAPHIC & PROJECTION 
APPARATUS, GONIOMETERS, REFRACT- 
OMETERS, SPECTROMETERS, OPTICAL 
MEASURING & TESTING APPARATUS, 
POLARISING PRISMS & OPTICAL 

ELEMENTS
R E P A I R S  T O  A N T  M A K E  OP  

A B O V E  I N S T R U M E N T S  
Owing to  prevailing conditions delivery 

cannot always be guaranteed
81 Tottenham Court Road 

London, W .l

“ ROSS” PRISMATIC B IN O CU LA RS
7 x 50 "ST E PLU X ”  £36/7/0 
7 x 50 “ STEPN ITE”  £34/7/0 
9 x  35 ••STEPRUVA”  £28/1/8 
7 x 30 “ STEPN AD A”  £24/18/9

8 X 30 "R A Y L IT E ”  £19/10/0 
10 S x 40 KER SH A W  £25/10/0 
8 x 30 K ER SH A W  £23/7/6 
6 x 30 B. C. & Co. £15/15/0

SECOND-HAND ASTRONOMICAL TELESCOPES
4 ' CO O KE, photo-visual portable divided body (no stand) £87 10 0 
3 ' BARDO U, on adjustable stand £27 10 0 
N E W  3" B.C. & Co. on garden stand £25 
EQ UATO RIAL HEAD , with dock for 5 ' or 6 ' £150

Notenume BROADHURST, CLARKSON & CO. LTD.
and £3 Farringdon ROAD, London, E.C.I

address: ( 3  minutes from Farringdon Stree t M etro . Station)

M ETEO RO LO G ICA L IN STRUM EN TS
O F A LL  K IN D S-STA N D A R D  AND RECORDING

STANDARD 
MAXIMUM 

AND MINIMUM 
THERMOMETERS

As supplied to the 
Meteorological Office 

and used on all 
Scientific Expeditions

JAMES j .  HICKS
(Incorporated with W. F. Stanley & Co. Ltd.)

8, 9, & 10, HATTON GARDEN, LONDON, E.C.I, ENGLAND
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PROMPT DELIVERY
HIGH SPEED
ELECTRIC

INDUCTION MOTORS
Scophony fractional horse

power motors are units of 

concentrated energy giving 

extraordinarily high perform

ances for their size. Specially 

designed for use in aircraft, 

marine craft and wherever 

space and weight are res

tricted, they are extremely 

reliable. A Scophony 

product means it is a pre

cision job.

All enquiries to :

SALES OFFICE : 36 VICTORIA STREET
LONDON, S.W.1 Telephone: Abbey 4852

S C O P H O N Y
LIMITED

WELLS : SOMERSET

S & M  INDICATING 
& RECORDING INSTRUMENTS

S hort & M ason ltd.,
THE INSTRUMENT HOUSE, Walthamstow, E.I7.
'P h one: LARksuood 5571/6 'Grams : Aneroid, Phone, London

---------------- DORAN----------------

PO TEN TIOM ETERS

BRIDGES A.C. & D.C.

GALVANOM ETERS

STANDARD CELLS

ELEC TR O N IC  TEM PERATURE  
C O N TRO LLERS

are a few of the wide range of instruments 
of modern design and high accuracy now 
in course of manufacture for all types of 
laboratory measurement and industrial 
process control

by

Doran Instrument Co. Ltd.

Stroud, Glos.

Tel. : Stroud 15.
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“  Any person who has made observations on 
the state and progress of the human mind, 
by observing his own, cannot but have 
observed that there are two distinct 
classes of what are called thoughts : those 
that we produce in ourselves by reflection 
and the art of thinking, and those that bolt 
into the mind of their own accord . . . 
As to the learning that any person gains 
from school education, it serves only, like 
a small capital, to put him in the way of 
beginning learning for himself afterwards. 
Every person of learning is finally his own 
teacher.”  T h o m a s P a in e .

★

All thinking men and women should write for particulars 
of membership to THE RATIONALIST PRESS 
ASSOCIATION LIMITED, 5 Johnson’s Court, Fleet 
Street, London, E.C.4.

SOLUS-SCHALL
★

Manufacturers of

X - R A Y
EQUIPMENT

for

MEDICAL
and

INDUSTRIAL
purposes

★

Send your enquiries to

SO LU S-SCH A LL COM PAN Y, LTD.
7-9 • 11 STANHOPE STREET, LONDON, N .W .I

THE

COSSOR
HIGH VACUUM

DOUBLE BEAM  
OSCILLOGRAPH

g i v i n g
VISUAL TW O-DIMENSIONAL

delineation of any recurrent law.

•

RELATIVE TIMING OF EVENTS
and other comparative measurements 

with extreme accuracy.

•

PHOTOGRAPHIC RECORDING
of transient phenomena

and
SIM U LTA N EO U S IN D ICA TIO N

of two variables on a common ti me axis

Completely embracing all the above 
functions, of which the last is unique, 
the Cossor Double Beam Oscillograph 
iŝ  inherently applicable to all prob
lems arising in

RECORDING, INDICATING & MONITORING 
When the effects examined can be 

made available as a voltage.

A. C. COSSOR LTD., 
INSTRUMENT DEPT.,

H IG H BU RY, LO N D O N , N.5

Phone: CANonbury 1234 (30 lines)
Grams : Amplifiers, Phone, London
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LOW POWER BINOCULAR

MICROSCOPES
The many uses 
in industry and 
s c i e n c e  f o r  
which this type 
of microscope 
is suited are 
fully explained 
in booklet, post 
free on applica
tion.

R. & J .  BECK Ltd. 
69 Mortimer St., 
L O N D O N ,  W . 1

R EG IST E R E D SNQH TRA D E-M A RK

TRANSFORMERS
INDUCTANCES & CHOKE COILS

AIR COO LED A N D  O IL IMMERSED
FO R

TEST ROOM AND LABORATORY USE

Unequalled Service

The ZENITH ELECTRIC CO. Ltd.
Sole Makers also of the well-known “ Zenith”  Resistances

ZEN ITH  W ORKS, V ILLIERS ROAD  
W ILLESDEN  G REEN , LONDON, N.W.2

Phone: WILIesden 4087-8-9 Grams: Voltaohm, Phone, London

Fo r fu l l  p a r t ic u la r s , ap p ly  fo r  P ub lica tio n  N o . 502

A. GALLENKAMP & CO. LTD.
17-29 SU N  STREET ,  L O N D O N ,  E.C.2

Regd. Trade Mark

“ G A L L E N K A M P ”

ANHYDRIC INCUBATOR
Latest Electrically Heated Model

Thermostatically controlled to within ± 
05°C., operating at any temperature from 
15 to 45°C.

Heavy gauge copper sheet liner, lagged with 
fibre glass, and fitted with a glass inner door.

Body with solid outer door, of laminated 
plastic sheet, giving a resistant external 
surface.

Supplied with red-1

A v a ila b le  in  s iz e s  I 8 x  I 6 x  16"
and fit te d  w ith  3 sh e lv e s .

X20",

Printed in Great Britain by F is h e r , K n ig h t  & Co., L t d ., The Gainsborough Press, St. Albans, and published by Ma cm illa n  & Co., L im it e d , 
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