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SCIENTIFIC AND INDUSTRIAL 
RESEARCH.—I

WH IL E  there is no in te rrup tion  to  th e  flow of 
reports and  papers discussing scientific and 

industria l research— th e  s ta tem en ts “A Post-w ar 
Policy for Science” issued by th e  Association of 
Scientific W orkers and  “Problem s of Scientific and 
In d u stria l R esearch” from  Nuffield College are am ong 
th e  m ore recen t— there  is some reason to  fear th a t  
even from  th e  p o in t of view of educating  public 
opinion as to  w hat is required, m any  of the  co n tribu ­
tions to  th is  discussion are n o t so effective as they  
m ight be. One of th e  m ain  reasons is th a t  discussion, 
no t to  say  opinion, is becom ing confused because of 
th e  failure to  d istinguish  clearly between tactics and 
strategy . A dm itted ly  the  d istinction  is n o t always 
easy to  m a in ta in  in  practice , b u t i t  is all th e  more 
im p o rtan t th a t  th e  effort should be m ade a t  a  tim e 
when th e  short-term  an d  long-term  aspects of these 
problem s m ay vary  considerably in  urgency. Unless 
our b road objectives are clearly seen and  defined in  
term s bo th  of program m es and  in  respect of the 
type  of m en required to  serve them , there is grave 
danger th a t  steps m ay be taken  to  m eet our sh o rt­
te rm  needs w hich m ay prove serious obstacles to  th e  
m ore fundam ental developm ents w hich are also 
required.

There is ye t ano ther reason for d istinguishing 
clearly between th e  tac tics an d  th e  strategy  of research 
w hich is well illu stra ted  in  th e  Nuffield College s ta te ­
m en t. W elcome as m ay be th e  large m easure of 
agreem ent on w hat are  clearly m a tte rs  of tac tics, 
such as th e  encouragem ent of m ob ility  in  research 
workers, on th e ir  s ta tu s  and  rem uneration  and 
general im provem ent in  conditions of service, such 
m a tte rs  depend on, and  m ay even determ ine, the  
n a tu re  of th e  in stitu tions or organization which we 
set up  for research. Unless, therefore, we have first 
resolved on th e  broad lines of our research p ro ­
gram m es and  on th e  qualities w hich th ey  will dem and 
in  th e  personnel responsible for th e ir  execution, 
a p a r t from  th e  corresponding dem ands for m ateria l 
resources such as equipm ent, we cannot determ ine 
th e  appropriateness of e ither in stitu tions or o rgan­
ization  to  serve our purposes. A tten tion  to  tactica l 
questions before strateg ic objectives have been d e­
cided m ay th u s very  well create obstacles to  the  
stra tegy  of research which will n o t easily be over­
come.

There is a fu rth e r reason w hy th e  d istinction  
betw een s tra teg y  an d  tactics is im portan t, and  th is  
is well illu stra ted  in th e  s ta tem en t from  th e  Associa­
tio n  of Scientific W orkers. The decline of Germ an 
science since 1933 is sufficient evidence th a t  science 
cannot ignore political in stitu tions, th a t,  even from  
th e  p o in t of view of the  advance of science itself, some 
regard m ust be had  to  the  social and  political in s titu ­
tion? affecting th e  conditions under which th e  m an 
of science works. Society has an  effect on th e  course 
of science w hich m ay n o t be so obvious, b u t m ay  be 
as pronounced, as th e  im pact of science on society. 
N o t only are scientific workers increasingly concerned
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w ith  th e  social effects o f th e  application  o f scientific 
discoveries, w ith  seeing th a t  th e  knowledge which 
in  such fields as n u tr itio n , for exam ple, has m ade 
possible the  im provem ent o f hea lth  an d  elim ination  
of disease, is used effectively, b u t also th ey  are 
conscious th a t  th e  stru c tu re  of social in stitu tions and  
of industry  m ay m arkedly  assist or im pede such 
processes.

W ith  such considerations increasingly prom inent, 
th e  difficulty of handling arigh t th e  problem s which 
arise ou t o f th e  in teractions of science an d  society 
and  politics becomes m ore acu te . I t  is m ore th a n  ever 
im portan t, as i t  becomes m ore difficult, to  draw  the  
line an d  determ ine exactly  how far an d  in  w hat 
m anner science should m ake its  representations in 
political affairs where scientific factors are specially 
im portan t. U ncerta in ty  of touch or judgm ent in 
such m atte rs as, for exam ple, in  th e  s ta tem en t from  
th e  A ssociation of Scientific W orkers, is a  fa ta l 
obstacle to  handling these problem s wisely an d  shap ­
ing a rig h t th e  organizations th rough w hich m ay  best 
be expressed th e  voice of science in  th e  fields where 
i t  has a  legitim ate an d  im perative r ig h t to  be 
heard.

One of the  m ain reasons for failings in  th is  respect 
is th e  absence of enough a tten tio n  to  th e  philosophy 
of research, and  th e  sym posium  on th e  “ Organisation, 
D irection  and  Support of R esearch” arranged  last 
au tum n by the  A m erican Philosophical Society (see 
p. 263 of th is  issue) is a  no tab le con tribu tion  to  the  
fundam ental th ink ing  required , here and  on th e  larger 
s trategy  of research, before we can consider in  deta il 
those questions of tac tics w ith  w hich m uch curren t 
discussion in  G reat B rita in  has been overburdened. 
The long paper by  H . A. Inn is on “P olitical Econom y 
in  the  Modern S ta te” contribu ted  to  th a t  sym posium  
is particu larly  suggestive in  th is  connexion, and a 
welcome correction alike to  th e  tendency to  align 
science w ith  an y  particu la r political p a r ty  or system  
or to  those who im agine th a t  science can rem ain  
indifferent to  th e  political in stitu tions w hich d e te r­
m ine th e  lim its  w ith in  which freedom  of scientific 
though t and  inqu iry  are possible. H e d irects a t te n ­
tio n  to  exactly  those problem s which m ust be solved 
in  the  control of research, w hether by  th e  S ta te  or 
by  industry , if  th e  creative sp irit is to  be 
preserved and  if  freedom of inquiry  is to  m ean 
advance in knowledge and  no t th e  m ere acquisition  
of inform ation which m ay or m ay n o t be relevant 
to  fu tu re  intellectual progress or to  society’s 
needs.

R ecognition th a t  th e  d istinction  betw een fu n d a­
m ental and  applied research is m erely a  convenience 
which can be overstressed should a t  least help th e  
consideration of th e  conditions w hich are fu n d a­
m ental for fru itfu l research of e ither type. In  m any 
fields, as th e  Nuffield College sta tem en t po in ts out, 
the  d istinction  has little  m eaning. B oth  m ethods 
are constan tly  being used sim ultaneously in  a t ta c k ­
ing a  problem  ; th e y  are in te rdependent, advance in 
one constantly  affecting th e  o ther. No clearer dem on­
stra tio n  of th is  could be found th a n  in  th e  recent 
offer o f th e  directors of Im peria l Chemical In d u s­
tries, L td ., to  provide eigh ty  fellowships in  science

a t  n ine universities in  G reat B rita in , in connexion 
w ith  w hich Lord  McGowan s ta ted , “N early th ree 
generations of experience of th e  adm inistra tion  and 
conduct of research have convinced us th a t  academic 
an d  industria l research are in terdependent and com­
plem entary  and  th a t  i t  is useless to  expect sub ­
sta n tia l advances in  industry  w ithout corresponding 
advances in  academ ic science” . Clearly, therefore, 
i f  we can determ ine and  establish th e  conditions 
u nder which fundam ental research or investigation 
concerned purely w ith  th e  advancem ent of scientific 
knowledge is best prom oted, we shall have gone far 
to  determ ine those under which applied research also 
will flourish, an d  th is  irrespective of any  particu lar 
b ranch of scientific inquiry . W e cannot, however, 
res t con ten t m erely w ith  postu lating  a free society and  
freedom of inquiry . The research w orker m ust be free 
b o th  from  in tim idation  and  from  control by  govern­
m en t ; he m ust be able to  inquire and speculate 
w ith  as few restra in ts  as possible : b u t the  debate 
between th e  pro tagonists for absolute freedom in 
science an d  those who advocate th e  m axim um  planning 
o f science w ill lose some of its  value if  i t  fails to  
em phasize th e  positive as well as the  negative side. 
W e are  concerned w ith  factors which stim ulate, as 
well as w ith  avoiding restric tive or repressive con­
ditions. W e m ust seek for conditions which stim ulate 
creative powers, im agination and  enthusiasm , and 
beware of checks on them  as well as on th e  scope or 
d irec tion  of inquiry .

There is y e t ano ther po in t a t  which conditions of 
scientific w ork are affected, if  n o t determ ined, by  the 
n a tu re  of th e  society in  w hich th e  m an of science 
works. A to ta lita r ian  regim e clearly is inconsistent 
w ith  full freedom  of scientific inquiry  and  u ltim ately  
fa ta l to  th e  advance of knowledge, b u t other political 
system s m ay have th e ir  own effects th rough the ir 
influence on th e  various types of incentive social as 
well as economic—which summ on the  scientific worker 
to  give o f h is  best. D r. J .  B. Conant m ade a  wise point 
in  h is  address to  the  American Philosophical Society’s 
sym posium  when he referred to  th e  im portance here 
of th e  quality  of the  appeal to  the  b rillian t and 
en terprising  sons and  daughters of th e  mass of our 
society. T h a t appeal, he th inks, should be couched 
neither in  u tilita ria n  term s nor in  those appropriate  
to  he secluded re tre a t, b u t ra th e r th a t  in each area 
of th e  en tire  field of learning th e  ac tiv ities under 
w ay m ust be m anifestly  relevant to  th e  fu tu re  of 
our civilization, n o t only to  m an ’s physical and 
social needs b u t also to  h is highest hopes and 
asp ira tions.

The relations of science to  society and even to  
in d u stry  are  in  fact m ore com plex th a n  some of the 
more arden t p rotagonists of p lanning  care to  adm it, 
an d  D r. C onant’s suggestion of relevance ra th e r th an  
u til i ty  as th e  touchstone to  te s t th e  v ita lity  and 
v a lid ity  of a  scholarly enterprise indicates a line of 
th o u g h t to  be explored m ore fully. A gain, th e  
lim ita tions of th e  scientific m ethod as applied to 
social problem s, th e  looseness w ith  which th e  term  is 
em ployed, to  w hich D r. Conant d irects a tten tio n , 
equally  m erit consideration, as m uch as the  greater 
em phasis on philosophy for which he calls. I t  is the



no. 3904, A u g u s t  26, 1944 N A T U R E 251

al. sen te o f an  adequate philosophy and  consequent 
failure to  develop th e  capacity  for m aking disciplined 
and  well-informed judgm ents on all those m a tte rs  of 
value which are involved in  so m any v ita l hum an 
decisions th a t  has been responsible for th e  weakening 
of civ ilization  and  th e  grow th o f barbarism . F rom  
no point o f view  can we be satisfied an y  longer w ith  
a  system  of education th a t  fails to  develop th a t  
capacity . I t  m ust be one of th e  prim e req u ire ­
m ents in  fu tu re of all our tra in in g  in stitu tions, 
both  for teaching and  research, an d  we should 
v igilantly  w atch  to  see th a t  no subsequent organiz­
a tio n  im pairs or re ta rd s th a t  sam e capac ity  of 
judgm ent.

Dr. Conant has assuredly p u t h is finger on th e  
weak spots. I t  is n o t th a t  h igh  s tandards of p e r­
formance as to  th e  technical p a r t o f h is  ta sk  are n o t 
essential for th e  scholar w hether m an of science, 
m athem atician , philosopher or h isto rian . Equally  
essential, however, a re  in teg rity  o f purpose, a  d is ­
ciplined im agination , an d  th e  power o f critica l 
analysis of bo th  th e  problem  a t  hand  an d  th e  in ­
vestigator’s own contribu tion . To provide such m en 
and women who come in to  th e  court o f public  opinion 
w ith  clean hands and  a  consecrated h ea rt, an d  to  
m ain ta in  th e ir  in teg rity  and  consecration an d  critical 
and im aginative powers undim m ed, should be a  first 
objective of our research strategy . The institu tions 
and organization which can succeed in  th is  will never 
lack th e  flow of creative th o u g h t an d  fundam ental 
discovery upon which th e  advancem ent of science 
and of civ ilization  bo th  depend.

There are therefore a t  least tw o problem s involved 
here. F irs t re-exam ination  of our whole educational 
system , n o t m erely a t  th e  u n iv e rsity  level, w ith  
respect to  the  provision of an  adequately  tra in ed  and 
broadly educated  personnel to  en ter th e  field of 
scientific research, an d  th e  balancing of th e  imm ense 
needs for technical an d  scientific tra in in g  by  com ­
peten t education in  th e  liberal a r ts  an d  hum ane 
studies. The em phasis m ust be on th e  balance, for 
the  second problem  is th a t  of securing com petent 
direction  of research. T h a t is no less v ita l. I t  forms 
th e  link  between th e  tw o th ings which, as th e  
Goodenough R eport on M edical Schools po in ts ou t, 
a com m unity th a t  wishes to  prom ote research m ust 
do. “F irs t and forem ost, i t  m ust find and  tra in  th e  
men who have th e  ab ility  and  im pulse for scientific 
inquiry. Secondly, i t  m ust create th e  m ost favour­
able conditions for th e ir  w ork and  give them  th e  
tools they  need.”

I t  m ay well be th a t  th e  m ost valuable resu lt o f 
the establishm ent of m ore senior fellowships in  science 
on the  lines of the  scheme rece itly  in itia ted  by  th e  
directors o f Im perial Chemical Industries, L td ., will 
lie th e  contribu tion  i t  m akes to  throw ing up  m en of 
the  requisite outlook and  calibre for the  d irection 
of research. The wise insistence on some com bination 
of teaching w ith  research under conditions where, as 
Bruce T rusco tt notes, com pared w ith  industry , the  
fellows can be sure of tim e and  t r a n q u i l i ty  o f sp irit, 
m ay stim ula te n o t m erely fru itfu l research itse lf b u t 
also clear an d  creative though t ab o u t th e  com part- 
m entalism  of science, its  effect on tra in ing  or restra in t

on effective research. F rom  such though t alone can 
come th e  com petence an d  confidence to  m ove surely 
across boundaries and  to  handle wisely th e  a tta c k  
on th e  unknow n, w hether i t  be in  industry  or else­
where, w ith  its  calls for team -w ork as well as in itia tiv e  
an d  ind iv iduality .

The Goodenough R eport in  its  b rief reference to  
research well stresses, in  quoting  from  the  evidence 
subm itted  by  S ir Thom as Lewis, th e  im p rtance  of 
these la st factors. O rganization, in  fac t, m ust be 
secondary to  th e  selection of personnel. Unless we 
can secure an  adequate  supply  of m en of th e  rig h t 
g ifts no organization  will ensure th e  prosecution of 
effective research, an d  th e  essential preoccupation of 
wise adm in istra tion  is, as A lan Gregg observes, to  
create an d  foster th e  circum stances, th e  hum an re la ­
tionships, in  w hich g ifted  m en will be m ost p roductive 
an d  prodigal of th e ir  gifts. In  particu la r, he points 
to  tw o dangers w hich our stra tegy  m ust frankly  
recognize an d  provide aga inst : first, th e  tendency 
to  w aste research ab ility  by  d iverting  i t  in to  other 
channc Is b y  th e  dem ands of adm in is tra tion  and 
teaching  ; an d  secondly, th e  tendency for th e  endow ­
m ent of research to  deprive th e  investiga to r o f h is 
p rim ary  righ t of choosing a  subject to  be studied , 
of fram ing a  hypothesis to  be tested , o f p lanning  and  
perform ing some crucial experim ent.

I t  m ay  be no ted  in  passing th a t  Mr. Gregg looks 
to  senior fellowships for research of m uch th e  same 
ty p e  as those contem plated  in  th e  scheme of Lord 
McGowan an d  h is fellow d irectors to  m eet th is  need, 
though  he appears to  have a  slightly  h igher s tandard  
of s ta tu s  an d  em olum ent im m ediately  in  m ind. The 
basic s tra teg y  is clearly th e  sam e, an d  th e  sam e close 
resem blance in  th e  conclusions reached by  p ro ­
gressive m inds in  G reat B rita in  and  in  th e  U nited  
S ta tes m ay  be discerned in  th e  b road  objectives of 
some of th e  program m es of research. The differences 
in  conten t are frequently  ra th e r  in  po in ts  of 
de ta il th a n  in  scope, though  th e  em phasis on 
p articu la r aspects of th e  program m e m ust obviously 
vary .

A notew orthy  exam ple m ay be found in  th e  field 
of agricu ltu re. The research program m e recently  
adum bra ted  by  th e  P arliam en ta ry  an d  Scientific 
Com m ittee in  its  report, “A Scientific Policy for 
A gricu lture” , has features in  common w ith  th e  m ore 
detailed  program m e outlined  by  D r. E . C. A uchter 
in  h is address last au tu m n  to  th e  A m erican A ssocia­
tio n  of Land-grant Colleges and U niversities (Science, 
99, 169, 190 ; 1944). W h reas th e  form er does no 
m o e th a n  ind ica te  th a t  an  expend itu re of a t  least 
th ree  m illion pounds on agricu ltu ral research is re ­
quired, w ith  th e  com pletion of B ritish  soil and  geo­
logical surveys, an d  intensive an d  large-scale research 
in to  th e  com plex p a r t p layed  by  organic m a tte r  in  
our soil, i t  recognizes th a t  n u tr itio n  m ust play 
an  im p o rtan t p a r t  in  determ in ing  th e  tren d  of 
ag ricu ltu ral research, an d  like D r. A uchter again, 
th a t  agricu ltu ral research is linked up  w it i 
and  affected by fundam ental research in  o ther 
fields.

This po in t, o f w hich th e  P arliam en tary  and  
Scientific Com m ittee has already shown itself
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aw are in  its  earlier repo rt on coal u tiliza tion , is 
specially well b rought ou t by  D r. A uchter. In  
add ition  to  n u tritio n , he po in ts to  th e  value for 
p lan t and  anim al p roduction  of a  detailed  system atic 
world geography of soils, clim atic conditions, varieties 
of p lan ts and m ethods of p lan t and  anim al production , 
to  th e  need for research on new im m unizing agents, 
in to  engineering and  electrical an d  m echanical 
problem s in  agricu ltu re and  th e  use of ag ricu ltu ra 
products, in to  th e  u tiliza tion  of crop residues an d  to  
basic research to  ex tend  our knowledge of such su b ­
stances as starch , p ro teins, lignin, hemicellulose, 
enzymes, horm ones an d  v itam ins. I f  for a  m om ent 
we have passed from  th e  consideration  of b road  
objectives to  th a t  o f detail, i t  is to  dem onstrate  m ore 
conclusively first, th e  v a lid ity  of D r. C onant’s criteria  
of relevance in  determ ining the  broad objectives, and 
secondly, th e  w ay in  which program m es are in te r­
locked, and  w ork in  fu rtherance of th e  broad 
objectives in  one field m ay involve w ork in  qu ite  
ano ther field.

S trategical requirem ents, w hether from  th e  p o in t 
of view  of applied  or fundam ental research, m ay  well 
th u s  require us to  reconsider th e  com partm entalism  
of science an d  to  fac ilita te  b o th  team -w ork between 
workers in  one or m ore sciences an d  th e  ab rogation  
of th e  im pedim ents such com partm ents offer to  
effective research. Beyond th is  th e  b road  stra tegy  
of research would seem to  involve first th e  provision, 
on th is  basis o f relevance to  social needs, for the  
organized s tu d y  o f p a rticu la r an d  u rgen t problem s, 
bo th  in  th e  developm ent o f n a tu ra l resources, as 
o f fuel an d  power supply  an d  ag ricu ltu re an d  th e ir  
effective u tiliza tion  in  th e  service of th e  com m unity, 
an d  of n u tritio n  an d  health , including th e  tre a t 
m en t or control and  th e  prevention  o f disease. Such 
organized s tu d y  m ust include adequate provision no t 
m erely for m any  lines of industria l research b u t also 
for system atic fundam ental research, p lanned a t  
least so as to  assist th e  advance of science on an  
even fron t by  filling in  th e  gaps left by  ind iv idual 
in itia tiv e  and  w ith  special regard to  th e  border­
lines of th e  sciences a t  once so a p t to  be neglected 
an d  so richly  productive when cu ltiva ted . A gain the  
conception of relevance m ust include relevancy to  
th e  needs of the  Colonial peoples also, and  i t  is w orth 
no ting  in  passing th a t  th e  first annual report of the  
Colonial Research Com m ittee contains an  adm irable 
discussion of stra tegy  ir rela tion  to  th e  organization 
o f Colonial research.

There are y e t tw o fu rth e r  aspects of such broad 
stra tegy  which should be noted. F irs t, provision for tl e 
organized s tu d y  o f p a rticu la r an d  u rgen t problem s 
tlie social relevance of which is im m ediately  apparen t 
leads us alm ost im perceptibly, th rough  th e  considera­
tio n  of such questions as tran sp o rt, th e  u tiliza tion  
of the  land, w ater supply, th e  p lanning  of tow n and  
country  an d  th e  location of industry , to  th e  s tudy  
o f a  whole range of problem s in  th e  social sciences 
th e  im m ediate relevance of w hich m ay be less 
apparen t. W ith o u t adequate  a t te n tio n  to  social 
biology an d  th e  biological factors in  hum an relations, 
to  population  changes an d  v ita l s ta tis tics , to  psycho­
logy, an d  allied  subjects, we shall be w ith o u t th e

basic knowledge we require for th e  evolution of a 
new social order or for th e  establishm ent of better 
hum an relations e ither a t  th e  industrial or a t  the 
in ternational level, as well as w ithou t th e  effective 
technique for handling an d  im proving such relations. 
As R oy G lenday po in ts out in  a  recent book, ‘ The 
F u tu re  of Econom ic Society” , we need to  know 
m uch m ore abou t th e  principles an d  rules which 
will govern th e  social and  economic organization of! 
th e  groups of hum an beings of w hich th e  new world 
order w ill be composed. E ven  m ore em phatically , 
D r. J .  T . M acCurdy in  discussing, in  “The S tructure 
of M orale” , th is  problem  of organization indicates 
how fa r we have to  go when he says th a t  m an can 
expect to  fabricate  a  social organization th a t  will be 
adap tab le  only when he has developed a liaison system  
com parable in  its  in tricacy  w ith  th e  individual 
hum an brain .

The suggestions for research which D r. MacCurdy 
has m ade in  th is  connexion should be considered 
in  fram ing our b road  program m e of research, and 
th ey  bear closely on th e  second aspect o f stra tegy  
w hich rem ains to  be considered. I f  there were any 
scientific workers who im agined th a t  research strategy  
could be considered en tirely  w ithou t reference to  
politics, they  should have been disillusioned by the 
reception which has been given to  th e  report of the 
P arliam en tary  an d  Scientific Com m ittee on “A 
Scientific Policy for A griculture” . The suggestion 
th a t  policy should n o t be shaped p rim arily  or ex ­
cessively by  sectional in terests b u t should be based 
on th e  application  of scientific principles has been 
represented  as an  a tte m p t to  d ic ta te  policy by 
reference to  such principles alone.

The a tte m p t to  form ulate and  to  app ly  ah  adequate 
stra tegy  of research is clearly liable to  like m is­
representation, for such stra tegy  can only be p u t into 
operation  when i t  receives the  necessary political su p ­
p ort. I t  m ust be therefore a p rim ary  responsibility  
of scientific workers in  endeavouring to  th in k  out 
such a  stra tegy  to  undertake sim ultaneously the  
corresponding an d  no less essential ta sk  of explaining 
and  in te rp re ting  th a t  s tra tegy  to  th e ir  fellow citizens. 
A t th is  p o in t no less th a n  in  th e  application  of scien­
tific an d  industria l research in  industry  educational 
work has to  be undertaken . T h a t is a ta sk  of co­
operation as well as education. As Mr. Glenday 
observes : “Before scientists can claim  the  righ t to 
p lan  a  new world order, th ey  m ust first p lan  science 
itse lf by  organizing its  various departm ents to  th e  
po in t o f m aking possible effective co-operation 
betw een th e m ” . Such endowm ents as L ord Kemsley \s 
travelling  fellowships, th e  fellowships in  science 
offered b y  Im perial Chemical Industries, L td ., and 
th e  tru s t fund for economic an d  financial research 
established b y  th e  B ank o f E ngland  should be taken  
by  scientific workers as a  challenge bo th  to  fu n d a­
m ental th ink ing  on the  stra tegy  of research and to  
full and  resolute co-operation alike in  th e  exposition 
and  in te rp re ta tion  of science an d  in  se tting  th e ir  
house in  full order. Their tra in ing  has developed 
in  them  th e  critical and  unprejudiced approach to  
novel problem s in  th e ir  particu lar fields ; they m ust 
now apply  th is  faculty  in  a  w ider field.
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THE HUMAN FOOT
Structure and Function as seen in the Foot
B y Prof. Frederic W ood Jones. Pp. iv + 3 2 9 . 
(London : Baillióre, T indall an d  Cox, 1944.) 25s.

PROF. WOOD JO N ES is a  distinguished m em ber 
of a long line o f B ritish  anatom ists who, from  

th e  tim e o f Jo h n  H unter, have refused to  lim it th e ir  
ac tiv ities to  the  dissecting room  an d  to  circumscribe 
th e ir  w ork w ithin th e  confines d ic ta ted  by th e  sup ­
posed im m ediate requirem ents o f surgery. The line 
includes Owen, Turner, H um phry , Flower, Cunning­
ham , E llio t Sm ith and, fo rtunate ly  still w ith  us, Sir 
A rthu r K eith , and  Profs. A rth u r Robinson, T. H . 
Bryce and  J .  T. W ilson. All these professed hum an 
anatom y b u t a ll were also excellent com parative 
anatom ists, neurologists or em bryologists, an d  the  
influence o f th e ir  wide in terests on th e  advance o f 
anatom ical knowledge is n o t adequately  realized. 
Prof. W ood Jones, in  continuing th is  g rea t trad ition , 
has m ade significant contributions to  m am m alian 
com parative ana tom y and , in  h is publications, he 
has shown g rea t skill in presenting th e  deta il o f 
hum an anatom y against a  background o f m am m alian 
structu re  which enables one to  separate  m ost reveal- 
ingly those hum an characteristics th a t  can be regarded 
as prim itive from  those th a t  are specialized.

In  th e  book under review Prof. W ood Jones gives 
an  excellent account o f th e  s tru c tu re  o f th e  hum an 
foot. The account is none th e  worse for being, from  
tim e to  tim e, iconoclastic an d  even provocative. I t  
takes for g ran ted  an  in troducto ry  knowledge o f 
hum an anatom y an d  will be m ore read ily  followed if  
th e  reader has a lready  studied, as he should have 
done, the  au th o r’s “Principles o f A natom y as seen 
in  the  H an d ” , for th e  tw o books are  com plem entary. 
D oubtless every anatom ist could find po in ts o f  detail 
w ith  which he would n o t agree, b u t, in  general, th e  
descriptions are clear, succinct and , often, illum in­
ating. The figures, which have been draw n by  th e  
au th o r himself, are  m ost helpful in  clarifying th e  
descriptions and  th ey  possess th e  added  m erit o f a 
quite engaging charm . Omissions, too, will be no ted  
by  every anatom ist, in  accordance w ith  individual 
prejudice. Thus, in  th e  review er’s opinion, some 
reference to  W heeler H aines’ w ork on sesamoids and 
secondary centres o f  ossification would have been 
useful, an d  th e  absence o f reference to  th e  a rch itec­
tu re  of th e  bones, an d  more particu larly  to  Weiden- 
reich’s s tu d y  on th e  stru c tu re  o f th e  calcaneum , is 
surprising.

The in terest of the  au th o r in  com parative ana tom y 
and  in  the  problem s of hum an phylogeny is revealed 
in every chapter ; b u t he is careful to  w arn  m ost 
em phatically  against too m uch reliance on tags o f 
morphology for assum ptions, by  analogy, as to  
function. The case against th e  ‘gorilloid’ theory  of 
the  derivation o f th e  hum an  foot is convincingly 
presented, though i t  is, perhaps, too m uch tak en  for 
gran ted  th a t  th is  theory , in its  extrem e form , is 
widely held. Most anatom ists are o f th e  opinion th a t  
the early  hom inoid stock was n o t derived from  an  
anthropoid ape o f th e  degree o f specialization of the  
ex tan t g reat apes, an d  m ost also believe th a t  th e  
separation o f th e  hom inoid from  th e  an thropoid  stock 
occurred a t  an  earlier geological stage th a n  has som e­
tim es been held. B u t, equally, m ost workers on 
p rim ate phylogeny cannot overlook th e  innum erable 
s tru c tu ra l resemblances between th e  g rea t apes and  
man. These resemblances are  all-pervading. They

extend, as H euser’s account o f th e  ten -day  chim ­
panzee ‘ovum ’ shows, to  th e  very  early  stages of 
developm ent, an d  i t  would be unfo rtuna te  if  P rof. 
W ood Jones’s dem onstration o f the  unlikelihood of 
a  ‘gorilloid’ stage in th e  phylogeny o f th e  hum an  foot 
was tak en  to  indicate a  m ore rem ote relationship 
between m an an d  th e  an thropoid  apes th an , in fact, 
a  survey o f a ll th e  relevant facts appears to  w arran t. 
N otw ithstanding  th is  caveat, however, Prof. W ood 
Jones has m ade his p rim ary  phylogenetic po in t m ost 
persuasively, though some of th e  argum ent used in 
establishing i t  ignores th e  significance o f allom etric, 
o r heteroauxetic , grow th in  producing differences o f 
p roportions o f bones in  quite closely rela ted  anim als. 
Those gene changes concerned in  th e  causation of, say, 
achondroplasia can  a lte r  lim b proportions m ost 
strik ing ly  w ithout leading to  th e  opinion th a t  the  
resu lting  dwarfs represent a  new  species.

On th e  functional side Prof. W ood Jones’s analysis 
is again  often  illum inating. This holds especially for 
th e  descriptions o f m uscular ac tiv ity  and  th e  accounts 
o f  m ovem ents a t  the  different jo in ts o f th e  foot. H is 
insistence on th e  freedom  o f m ovem ent a t  th e  ta lo ­
calcaneal jo in t is notew orthy, since, in  spite o f the  ease 
w ith  which th e  facts can be established, th e  text-book 
accounts o f th is  jo in t are unsatisfactory . The account 
o f  th e  arches o f th e  feet em phasizes th e  im portance 
o f th e  ligam ents in  th e  m aintenance of th e  longi­
tud ina l bow, as he prefers to  call it .  Absence o f the 
an terio r m e ta tarsa l arch  is accepted, b u t there is no 
reference in  th is  chap te r to  th e  views o f M orton, 
B an k art, L ake or Bruce an d  W almsley. A  little  more 
em phasis on th e  clinical im portance o f proper foot 
function m igh t justifiab ly  have been introduced, 
especially as some o f  th e  opinions expressed have 
im plications for th a t  p a r t  o f orthopaedics which 
deserves b e tte r  th a n  to  be called, as i t  is coming to  
be called in  th e  U nited  S tates, podiatry .

“ S truc tu re an d  F unction” appears in  th e  title  o f 
P rof. W ood Jones’s book, an d  th e  descriptions of 
iso lated  structu res an d  functions th roughou t i t  are  
excellent. There is, however, for th e  reviewer, no 
sa tisfac to ry  a tte m p t a t  in tegration  of the  two. T hat 
s tru c tu re  is ad ap ted  to  function is tak en  for gran ted , 
an d  lit tle  stress is la id  on stru c tu re  which m ay con­
ceivably be non-adaptive. F u rth e r, having taken  the 
s tru c tu ra l ad ap ta tio n  to  function  for g ranted , there 
is no  reference to  th e  im portance o f  th e  sieve of 
n a tu ra l selection in  th e  establishm ent o f th e  ad a p ta ­
tion. Prof. W ood Jones is an  unblushing supporter 
o f th e  theory  o f th e  transm ission o f  acquired charac­
te rs, an d  inherent in  h is whole approach to  th e  s tudy  
o f structu re  there is th e  restric ted  teleology o f the  
end in  view. The reactions of readers to  th is  approach 
will doubtless be conditioned by  th e ir  individual 
philosophical a ttitu d es. A t least one o f them , who 
has, he believes, followed th e  argum ents sym pathetic­
ally , rem ains unconvinced by  Prof. Wood Jones’s 
exam ples, an d  will adhere to  th e  orthodoxy th a t  there 
is no good evidence for accepting th e  doctrine o f the  
transm ission to  offspring o f modifications produced 
in  response to  functional requirem ents. P rof. W ood 
Jones w rites : “E very  simile th a t  is called upon to  
explain th e  ordering an d  w orking o f structures and  
organs in  th e  living body is derived from  the  unliving 
world o f  m echanistic physical science. N o real under­
standing  o f th e  longitudinal arch  o f th e  foot will ever 
be come by  in  a ttem p ting  to  assess its  character 
in  te rm s o f th e  trium phs o f th e  arch itec t o r th e  
engineer” . E nds, n o t antecedents, sa tisfy  h im  as 
they  have satisfied m any others ; m ost biologists,
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however, will p refer Boyle’s “industrious indagation 
o f efficients” an d  will find th e ir  apologia in  th e  first 
chap ter o f Sir D ’A rcy Thom pson’s “ Growth an d  
F orm ” . J .  D . B oyd .

RECENT W O R K  ON 
MAGNETOCHEMISTRY

Magnetochemistry
B y Prof. P ierce W . Selwood. P p . ix-J-287. (New 
Y o rk : Interscience Publishers, I n c . ; L o n d o n : 
Im peria  Book Co., 1943.) 5 dollars.

IN  h y brid  te rm s for investigations involving th e  
experim ental exam ination  or th e  theore tical con­

sideration o f  p a rticu la r physical p roperties o f  sub ­
stances, th e  words ‘chem ical’ o r ‘chem istry’ a re  often 
used where th e y  serve no useful delim iting or o ther 
purpose. The au th o r o f th is  book possibly feels the 
difficulty, an d  gives an  explicit definition o f m agneto­
chem istry  as  “th e  application  o f  m agnetic suscepti­
bilities an d  o f closely re la ted  quantities to  th e  solu­
tio n  o f chem ical problem s” . This, however, is n o t a  
severe lim ita tion , for an y  problem  o f structu re , 
w hether atom ic, molecular, or crystalline, which arises 
in  th e  consideration o f th e  experim ental results, m ay  
be regarded as a  chem ical problem  ; an d  in  fac t the  
sub ject-m atte r o f th e  book is v ir tu a lly  th e  entire 
range o f resu lts for susceptibilities, an d  th e ir  in te r­
p reta tion .

The au th o r m akes graceful acknow ledgm ent to  
o the r books on th e  general field, an d  does n o t give 
detailed  references to  w ork p rio r to  1934. Since then  
to  th e  end o f  1942 he s ta te s  th a t  m ore th a n  one 
thousand  papers on m agnetochem istry have a p ­
peared. The problem  o f selection seems to  have 
been avoided by  referring to  a ll o f them , for specific 
reference is m ade in  th e  te x t to  some tw elve hundred  
papers ind icated  in  footnotes. The book is th u s  in 
th e  m ain  an  extensive survey  o f  th e  recent lite ra tu re  
along lines sim ilar to  those followed in  th e  “A nnual 
R epo rts” o f  th e  Chemical Society. I t  would, th e re ­
fore, scarcely m eet th e  needs o f those seeking an 
in troducto ry  or a  general account o f m agneto­
chem istry  ; b u t to  those who already  have some 
fam ilia rity  w ith , an d  in terest in, th e  sub ject such a  
survey  can be o f im m ense service, particu la rly  a t  th e  
presen t tim e.

T he au th o r’s own p rac tica l experience is evident 
in  th e  first chapter, where th e  m ost useful m ethods 
for determ ining susceptibilities are briefly b u t clearly 
described. Am ong th e  general exp lanato ry  rem arks, 
however, th e re  are a  num ber o f  loose o r definitely 
incorrect sta tem ents. I t  is s ta ted , for exam ple, th a t  
substances a re  called dia- or para-m agnetic according 
to  w hether th e  “in tensity  o f th e  field” in  th e  su b ­
stances is sm aller o r g rea ter th a n  th a t  in  th e  su r­
rounding space (p. 1);  th a t  for ferrom agnetics th e  
in tensity  o f  m agnetization  becomes proportional to  
th e  field “only a t  h igh  fields, when th e  specimen is 
said  to  be sa tu ra te d ” (p. 17); th a t  specific m ag­
netization  is “given by  the  slope o f th e  susceptib ility  
p lo tted  against reciprocal field s tren g th ” (p. 18). 
Slips o f th is  k ind  are fo rtuna te ly  n o t typ ical o f th e  
whole book.

The m ain  sub jec t-m atte r is grouped in  seven 
c h ip ie rs  each covering a  p articu la r class o f sub ­
stance. The grouping is n o t explicitly  discussed, b u t 
from  a m  ignetochomical po in t o f view it  is logical 
an d  convenient. The chapters deal w ith  atom ic and

m olecular diam agnetism , atom ic and  m olecular p a ra ­
m agnetism , complex com pounds, m etallic dia- and 
para-m agnetism , an d  ferrom agnetism . A  final chapter 
deals w ith  miscellaneous topics under the  general 
heading o f  applied  m agnetom etrie analysis.

A tom ic m agnetism  is, as usual, tak en  as a  general 
te rm  covering th e  m agnetism  o f ionic crystals, in 
connexion w ith  which experim ental w ork and  the 
q u an tita tiv e  theoretical trea tm en t earliest reached a 
fa irly  advanced stage. The survey is m ainly o f 
additional d a ta  accum ulated  during th e  la st ten  years. 
The au th o r deliberately  refrains from  including 
tab les o f susceptibilities, on the  ground th a t  “Annual 
Tables” o f such d a ta  are to  be pub lished ; b u t i t  m ay 
be suggested th a t  m uch o f th e  inform ation included 
in  th e  continuous n a rra tiv e  could have been conveyed 
in  m ore convenient form  b y  m eans o f su itab ly  a n ­
n o ta ted  tab les. I t  is surprising to  find how incom­
ple te  th e  experim ental inform ation s till is on the 
com pounds o f transition  elem ents o ther th a n  those 
o f th e  first an d  o f th e  ra re  ea rth  series.

The m ost valuab le p a r ts  o f  th e  book are th e  chap­
te rs  dealing w ith  m olecular param agnetism  an d  com ­
plex  com pounds, on w hich th e  experim ental w ork in 
recent years has been very  extensive. I t  m ay happen 
th a t  th e  susceptib ility  is determ ined, w ith  close 
approxim ation, by  th e  num ber o f unpaired  electron 
spins in  th e  molecules, th e  m agnetic effect o f any 
o rb ita l m om ents being neg lig ib le; when th is  is so, 
an d  i f  no searching inquiry  is a ttem p ted , th e  m ag­
netic  aspect o f th e  problem s is often  fairly  simple. 
N o t so th e  chem ical a s p e c t; for very  difficult p ro b ­
lem s o f s truc tu re  m ay arise in  connexion w ith, for 
exam ple, organic free radicals an d  biradicals, com ­
plexes such as those o f  chrom ium  an d  manganese, 
an d  haemoglobin an d  re la ted  compounds. Magnetic 
m easurem ents are proving invaluable as a  guide, and  it 
is m ost useful to  have a survey w ritten  With so thorough 
an  appreciation  o f th e  chemical background.

To m any  physicists th e  m agnetic properties o f 
m etals a re  now  o f ou tstanding  in terest, partly , p e r­
haps, ju s t because th e y  are  beyond th e  scope o f  the 
theo ry  which is adequate for ‘norm al’ dia- an d  para - 
m agnetics. I t  is useful to  have recent resu lts collected 
together, b u t th e  theory  of m etallic m agnetism  is 
barely  m entioned, an d  w ithout i t  th e  significance of 
th e  susceptib ility  d a ta  is n o t b rought ou t. Much the  
sam e rem ark  applies to  th e  m ateria l surveyed in  the  
chap te r on ferrom agnetism , though  here there is con­
siderable specific value in  th e  system atic survey of 
th e  resu lts for th e  oxides an d  o ther ferrom agnetic 
com pounds o f iron, an d  of th e  non-ferrous ferro­
m agnetic com pounds, which are often  dismissed 
ra th e r  sum m arily.

T he la s t chap ter includes a  description o f a  m uni icr 
o f  instrum ents used in  m etallurgical control, and a 
ra th e r  sketchy survey o f m agnetic w ork on the 
stru c tu re  of a l lo y s ; i t  closes w ith  some sta tem ents 
ab o u t th e  suscep tib ility  o f  sea urchin  eggs an d  sperm.

Those who w rite  surveys o f scientific litera tu re  
undertake a  thankless task . Omission o f reference to 
some particu la r piece o f w ork m ay give offence ; 
com pleteness' o f reference, in reasonable space, is 
possible only a t  th e  sacrifice of o ther desirable 
qualities in  a  book. Over m ost o f th e  field the 
references here seem all-inclusive, and  as a  com pre­
hensive digest o f th e  lite ra tu re  the  book is beyond 
reproach. I t  m ight have been m uch m ore readable 
i f  th e  au th o r had  been less conscientious, and had 
n o t a ttem p ted  to  cover so wide a  range. The book, 
however, will probably  be used m ainly  for reference.
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so th a t the  paragraph  which s ta te s  m erely th a t  
colloidal m agnetite has been exam ined, an d  th e  r e ­
marks on sea u rch in  eggs, m ay  fulfil a  useful purpose. 
The au th o r expresses th e  hope th a t  th e  book m ay con­
tribute, however infinitesim ally, to  th e  labours o f 
those scientific m en who are seeking to  p a rry  the  
blows of an  enemy. I t  m ay  n o t do t h a t ; b u t i t  
certainly will perform  a  valuable service in  one sm all 
region of endeavour in  helping to  bridge th e  devast­
ating gap which is being m ade by  the  w ar years.

E . C. Ston er .

om itted . Section 3 deals w ith  bo th  ground an d  aerial 
surveying, an d  is necessarily  selective. The la st 
section, o f  ab o u t s ix ty  pages, dealing w ith  errors o f 
surveying, contains a  m ass o f  inform ation, th e  
theore tical w ork being ra th e r  too concisely expressed, 
b u t w ith  th e  applications fu lly  explained by  means 
o f  num erical exam ples.

F inally , i t  m ay  be sa id  th a t  th e  production  is 
excellent, an d  th e  publishers a re  to  be congratu lated  
on presenting  so Well, in  w ar-tim e, th is  m ost useful 
a n d  a ttra c tiv e  text-book. W . N. T homas.

SURVEYING FOR STUDENTS
Higher Surveying
By Dr. A rthu r L ovat Higgins. P p . v iii+ 4 6 3 . (Lon­
don : M acmillan and  Co., L td ., 1944.) 25s. net.

THAT D r. A. L . Higgins is a n  en thusiast where 
the subject of surveying is concerned will be 
evident to  readers of h is la tes t book en titled  “H igher 

Surveying” . I t  is w ritten  on som ew hat im orthodox 
lines, each section consisting o f a  num ber o f  “A rticles” 
followed b y  a  selection o f  examples.

Though ostensibly w ritten  for studen ts, th e  book 
should have a m uch w ider appeal. The articles are 
well w ritten , an d  m any  o f th em  are  concise critica l 
essays on appropria te  surveying topics : th ey  in ­
clude m any historical references an d  discuss m odem  
developments. I t  m ay be th a t  these scholarly  o u t­
lines will sometim es be m ore apprecia ted  by  those 
who already  have a  good knowledge o f  surveying 
than by th e  s tuden t whose horizon is less Wide. Even 
if not fu lly  understood b y  th e  studen t, however, they  
will give h im  a broad view of the  subject, in to  which 
later knowledge can be fitted.

The im pression is given th a t  D r. H iggins had  a 
great deal o f trouble in  deciding th e  scope o f  the  
book, and in fixing its  tit le . In  th e  first place, he had  
so much m ateria l th a t  he decided to  je ttison  much, 
that was o f a  m ore elem entary  character, an d  also 
some details o f field technique which th e  studen t 
might be expected to  learn  in  th e  field. I t  p robably  
seemed too d rastic  to  ca rry  out th is  policy rigidly, 
and opportunities have been taken  in  th e  te x t and 
examples to  incorporate m uch th a t  is n o t s tr ic tly  
‘higher surveying’, b u t w hich com pletes an d  rounds 
off the trea tm e n t o f o the r subject m a tte r. Even 
with these omissions the  au th o r’s troubles were no t 
ended. H e was anxious to  include a considerable 
number of w orked exam ples taken  from  university  
examination papers, an d  also o thers for th e  s tuden t 
to solve. Consequently, w ith  th e  space a t  h is d is­
posal, he had  e ither to  om it subject m a tte r  he was 
anxious to  include, or deal w ith i t  in  a  less detailed 
manner than  he would have wished. In  some cases 
the examples have been used, n o t to  illu s tra te  the  
text, but to  supplem ent or even as a  su b stitu te  for it. 
In other cases th e  te x t is som ewhat too concise and  
condensed for easy reading. The reviewer considers 
that Dr. Higgins has overcome his difficulties very 
successfully, and the  book cannot fail to  be o f g rea t 
value to its  readers.

The six main sections o f the  book deal respectively 
with (1) instrum ents, (2) engineering surveys, (3) 
photogrammetry, (4) field astronom y, (5) geodetical 
surveys and (6) errors in  surveying.

These sub-titles sufficiently define th e  scope o f th e  
book. I t  is from  the  section on engineering surveys 
that much of the elem entary w ork on chain surveying, 
traversing, levelling, plane-tabling, etc., has been

THE STUDY OF FINE PARTICLES
Determination of Particle Size in Sub-Sieve Range
A R eport o f D iscussions. P p . 69. (London : B ritish  
Colliery Owners’ R esearch A ssociation and  th e  
B ritish  Coal U tilisa tion  Research Association, 1944.)

T H E  m easurem ent o f fine partic les is a subject o f 
increasing im portance in  m any  industria l p ro ­
cesses an d  in  th e  s tu d y  o f  n a tu ra l phenom ena con­

cerning soils an d  dusts . I t  is now  realized th a t  th e  
influence o f  very  fine particles is so predom inant 
th a t  in  m any  researches m easurem ents w ould be 
desirable to  a  lower lim it o f one m icron in  diam eter, 
though  i t  is n o t often  th a t  th is  degree o f accuracy 
can  be a tta in ed . The above rep o rt contains an  
account o f th e  activ ities o f tw o research associations 
having th e  object o f im proving partic le  size m easure­
m ents, an d  th e y  m ay  be com plim ented on th e  broad 
w ay in  w hich th e  problem  has been trea ted .

The volum e repo rts  tw o inform al conferences held 
to  discuss th e  subject, w ith  a n  in troduc to ry  paper 
b y  D rs. Skinner an d  Boas-Traube an d  Messrs. Brown 
an d  H aw ksley. This pap e r sum m arizes recent d e­
velopm ents in  th e  m easurem ent o f  fine particles, 
dealing w ith  m icroscopical m easurem ent, th e  d is­
persion of various pow ders in  liquids, and  in  con­
siderable deta il w ith  th e  m easurem ent o f size d is tr ib u ­
tio n  b y  determ ining th e  ra te  o f  change in  optical 
density  o f  a  d ilu te  suspension o f  th e  pow der in  a 
liquid. T his la t te r  m ethod  is now  being extensively 
used bo th  for research purposes an d  for th e  rap id  
checking o f industria l p roducts as a  rou tine  procedure. 
T he rep o rt o f th e  second conference expresses th e  
views o f  research w orkers from  various laboratories 
o f th e  D epartm en t o f Scientific an d  In d u stria l 
R esearch an d  a  wide range o f industria l organizations.

F rom  th is  discussion i t  is apparen t th a t  th e  problem  
needing m ost u rgen t research is th a t  o f  effectively 
dispersing a  pow der in  a  liquid , since th is  procedure 
is involved in  alm ost all m ethods o f  sub-sieve particle- 
size determ ination . A  large num ber o f peptizing 
agents have been suggested for various powdered 
substances, b u t no general th eo ry  has  y e t been 
developed th a t  would obviate th e  presen t m ethod  
o f proceeding b y  tr ia l an d  error. M any processes 
and  designs o f ap p a ra tu s  are now available for 
m easuring sub-sieve particles which are sa tisfac to ry  
for com paring th e  fineness o f  various powders, b u t 
serious discrepancies a re  show n to  ex ist w hen th e  
sam e pow der is tested  in  different designs o f ap p a r­
a tus. Thus i t  is evident th a t  fu rth e r research is 
necessary on m any  details before th e  absolute size 
d istribu tion  o f th e  finest particles can  be de term ined ; 
b u t th e  rep o rt is a  valuable guide to  those engaged 
on particle-size m easurem ent regarding th e  choice 
an d  m ost effective w ay o f using such ap p ara tu s  as is 
available. H . H eyw ood .
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Solvents
B y D r. Thos. H . D urrans. (M onographs on Applied
Chem istry, Vol. 4.) F ifth  edition, revised an d  en­
larged. Pp. x ii-f  202. (London: Chapm an an d  H all, 
L td ., 1944.) 17s. 6d. net.

WH E N  th is  book was first published in 1930 it  
was n o t generally appreciated  how useful 
organic solvents were and  how wide th e ir  application  

could be. Since th en  th ey  have become o f prim e 
im portance, and  th e ir  m anufacture is an  im portan t 
section o f th e  fine chemical industry . This little  book 
has undoubted ly  contribu ted  to  th e ir  use ; i t  gives 
ju s t th e  required am ount o f inform ation in detail 
ab o u t each o f them , as well as a  general section 
ab o u t th e ir  behaviour in  general. Organic solvents 
have adverse as well as useful p ro p e rtie s : th ey  are 
toxic and  have a considerable fire risk. W orkers 
w ith  th em  risk  chronic poisoning, so th a t  guidance 
in  th e ir  use is required : th e  book contains th e  
necessary inform ation including th e  relevant d a ta  
regarding critical concentrations. Sim ilar d a ta  are 
given for th e  explosive lim its o f  th e  various 
substances.

There are now so m any of these solvents, m ost o f 
them  sold under trad e  nam es, th a t  i t  is h a rd  to  know 
w hat th e y  are. The appendix  giving th e  trad e  nam es 
an d  probable com position is therefore especially 
valuable : i t  occupies eigh t pages w ith  some four 
hundred  entries.

A  second appendix shows in  ta b u la r  form  th e  power 
o f th e  solvents to  dissolve twenty-five nam ed su b ­
stances m ostly  used by th e  p lastics industry . The 
work is a  mine o f inform ation, an d  its  frequent re ­
vision enables i t  to  be kep t up  to  d a te  an d  accurate.

There is no indication  o f  an y  p articu la r new 
solvents, though  such are continually  being added to  
th e  lis t. D r. D urrans is to  be congratu lated  on his 
efforts, which are g rea tly  apprecia ted  by  all users of 
solvents.

Aeroplane Flight
B y H . P . Browne. P p . 167. (London, New Y ork 
and  Toronto : Longm ans, Green an d  Co., L td ., 
1944.) 7s. 6d. net.

TH E R E  is already  a flood o f books on th e  elements 
o f aerodynam ics pu rporting  to  be w ritten  in  non­
technical language for th e  beginner. M any o f these 

fail to  fulfil th e ir  a u th o rs’ in ten tions sim ply because 
th e  explanations assum e a  knowledge o f  mechanics 
and  physics n o t to  be expected o f th e  non-technical 
reader. Mr. Browne does n o t com m it th is  m istake. 
H e explains th e  principles o f m echanics as he m eets 
them  in very  sim ple language, using hom ely every­
day  exam ples, illu stra ted  by  unique sketches o f his 
own preparation . These diagram s are perhaps the  
m ost ou tstanding  feature o f th e  book, and  th ey  have 
been m ade to  illu s tra te  th e  te x t in  a  w ay th a t  pho to ­
graphs or sketches o f ac tu a l a irc ra ft p a r ts  could 
never equal.

The subject is discussed in chapters each dealing 
w ith  some p a r t  o f  th e  theory  o f flight such as lift, 
stalling, drag, th ru s t, control, s tab ility  an d  perform ­
ance. There is also a discussion on th e  m athem atical 
un its  involved, leading up  to  a  chap te r on wind tunnels 
an d  th e  in te rp re ta tion  o f th e ir  results. The explana­
tions of some of the  m ore complex ideas are extrem ely 
good. The m echanics of th e  airscrew, the  gyroscope 
an d  gyroscopic action, an d  th e  m eaning o f “R eynolds 
N um ber” in  aerodynam ic expei'im ental work, are  
exam ples of th e  w ay in  which th e  au th o r has suc­

ceeded in  p u ttin g  th e  technical facts into language 
th a t  is bo th  sim ple an d  m athem atically  true.

W hile th is  book is essentially for beginners, its 
m ethod  of presen tation  o f the  subject m ight well be 
stud ied  by m any  teachers.

The Annual Register
A Review  o f Public E ven ts a t  H om e and  Abroad for 
th e  Y ear 1943. (New Series.) E d ited  by  Dr. M. 
E pstein . P p . xii-f-176. (London, New Y ork and 
T o ro n to : Longm ans, Green and  Co., L td ., 1944.) 
42s. net.

T H E  new issue o f th is  annual record follows the 
usual arrangem ent. The g rea ter p a r t is devoted 
to  a  fac tual an d  objective sto ry  of world history 

divided in to  national sections, h a lf  of which tre a t of 
G reat B rita in  an d  the  Dominions ; the  British 
Colonies have no separate  section. The record is 
chronological, which pu ts  th e  social h istory  into per­
spective w ith  th e  h isto ry  o f th e  W ar, and  so gives 
a n  adm irable sketch o f hum an in terests in the  year. 
U nder th e  headings of various enem y or enemy- 
occupied countries, there is m uch social history 
some of which failed to  receive adequate notice in 
th e  restric ted  newspapers o f to-day.

The second h a lf  o f th e  book has the  usual surveys 
o f  lite ra tu re , w ith  reviews o f some outstanding books, 
a r t ,  m usic, dram a, science, law  and  finance. The 
review o f scientific achievem ents is comprehensive 
though  very  condensed and  perhaps less readable 
th a n  some o f the  o ther sections. Then follows a 
record o f events, ob ituary  notices and  a  long and 
detailed index.

In  addition, certa in  public docum ents p rin ted  in 
fu ll include th e  Anglo-Chinese T reaty  concerning 
E x tra-T errito ria l R ights. In  spite o f the  crowded 
events o f the  year, th e  editor has succeeded in  pro­
ducing a balanced volum e o f the  same size as 
previous issues.

Elements of Radio
B y A braham  M arcus and  W illiam  Marcus. Prepared 
under th e  ed itorship  of R alph  E . H orton. Complete 
edition. Pp. xiii +  699. (London: George Allen and 
U nwin, L td ., 1943.) 27s. 6rf. net.

T H IS  book, p rin ted  in  th e  U nited  States, is in 
th e  n a tu re  of an  elem entary course of instruction 
in  rad io  technique on very  prac tica l lines. The 

au tho rs s ta te  th a t  as a  resu lt o f m any years ex­
perience o f teaching th is  subject, they  consider it a 
m istake to  require the  s tuden t to  learn a m ass of 
laws an d  principles o f electricity  before teaching 
h im  radio. The first h a lf  o f the  book deals w ith the 
radio  receiver, s ta rtin g  w ith  th e  crysta l detector and 
leading up  through  valve detectors and  amplifiers to 
th e  superheterodyne type o f  receiver. The second 
h a lf  o f th e  book is slightly  m ore advanced, and  deals 
first w ith  th e  phenom ena of d irect and  alternating  
cu rren t electricity  an d  th e ir  applications ; and  then 
w ith  th e  essential characteristics of radio transm itters 
an d  auxiliary  equipm ent.

T he sty le th roughou t is very  elem entary, w ith 
very  clear diagram s, and  includes a  series of questions, 
problem s an d  practical exercises and  dem onstrations, 
all o f which are probably  very  suited to  a particular 
type  of instruction  designed for a  short-period (one 
year or less) course. Only th e  sim plest o f formula- 
a re  included, such as for th e  calculation o f circuit 
constants ; an d  the  technical m aterial is clearly anil 
accurately  presented.
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MEANING AND SCOPE OF 
SOCIAL ANTHROPOLOGY
By P r o f .  A. R. RADCLIFFE-BROWN

University of Oxford

TH E  nam e ‘social an thropology’ cam e in to  use 
some s ix ty  years ago to  distinguish  th e  subject 
from  ethnology. The avowed, a im  has always been to  

apply  the  inductive m ethod o f th e  n a tu ra l sciences 
to  the  s tudy  o f hum an society, its  institu tions and  its  
evolution. B u t i t  is only gradually  th a t  we can learn 
how to app ly  th e  inductive m ethod in  a  new  field. 
The h isto ry  o f chem istry from  th e  tim e o f Bacon to  
Lavoisier illustrates this. So social anthropology is 
not now w hat i t  was in  1890. A t th a t  tim e theoretical 
discussions in  social anthropology were largely con­
cerned w ith  speculations abou t origins (of religion, o f 
totem ism , of exogamy, etc.). There are s till some 
social anthropologists who rem ain faith fu l to  the  
ideas and m ethods o f 1890. B u t th e  w ork now being 
done in  the  subject consists largely o f experim ental 
studies, com bining observation an d  analysis, o f 
particu lar social system s, intended to  provide m aterial 
for the  system atic com parison of system s o f different 
types and  to  te s t existing hypothetical conceptions. 
Anyone who w ants to  know w hat social anthropology 
is doing a t  th e  present day  should read th e  adm irable 
work o f Arensberg and  K im ball on “Fam ily  and 
Com m unity in Ire land” .

One of the  m ost com pletely organized departm ents 
o f anthropology is th a t  o f th e  U niversity  o f Chicago. 
The subject is divided in to  five fie ld s : physical 
anthropology, archaeology, ethnology, linguistics and 
social anthropology. S tudents, who m ust already  
have th e  degree o f B.A. before entering th e  d ep a rt­
m ent, are required to  devote a  period o f  s tu d y  to  a ll 
five subjects an d  pass a  com prehensive exam ination 
in all o f them . T hereafter the  s tuden t specializes 
in one of the  fields for his degree of Ph.D . A  brillian t 
studen t can com plete th is  w ork in  four years, b u t m any 
tak e  longer.

W e m ay consider th is  com bination o f  subjects from  
the point of view of each one o f them  in tu rn . Physical 
anthropology proper, as d istinct from  hum an biology, 
is the s tudy  of varia tion  in  the  hum an fam ily (the 
Hominidse) an d  o f hum an evolution. I t  includes, 
therefore, no t only the  s tu d y  o f  existing varieties o f 
Homo sapiens, b u t also hum an and  p rim ate  palaeont­
ology. A studen t who aim s a t  being a  com petent 
physical anthropologist m ust first ob ta in  a  thorough 
grounding in  biology, com parative m orphology 
(particularly  o f  th e  prim ates), hum an anatom y, 
histology, em bryology and  physiology. I t  seems 
desirable th a t  he should have some acquaintance 
w ith archaeology and  ethnology. H is own special 
work will in  no w ay be helped by  an y  s tu d y  o f  linguis­
tics o r social anthropology.

Ethnology, as th e  nam e shows, is th e  s tu d y  of 
‘peoples’. Peoples, or ethnic groups, differ from  and 
resemble one ano ther in  racial character, in  language 
and in  culture. The ethnologist com pares an d  classi­
fies peoples on the  bases o f  these sim ilarities and  
differences, so th a t  he has to  deal w ith  racial, linguis­
tic and cu ltu ral classifications. F u rth e r, he seeks to  
discover by  various m ethods som ething abou t 
migrations, interactions an d  developm ents o f  peoples 
in the past.

I t  is evident th a t  th e  com petent ethnologist should 
possess a  sound knowledge o f physical anthropology,

linguistics an d  social anthropology. Ethnological 
lite ra tu re  is very  heavily  overloaded w ith  uncritical 
speculations. A  w riter who ta lk s  glibly o f brachy- 
cephaly an d  dolichocephaly b u t is com pletely ignorant 
o f th e  complexities o f s truc tu re  o f th e  skull will offer 
us an  account o f th e  m ovem ents and  developm ents of 
races from  th e  first appearance o f m an. One who is 
ignoran t o f linguistic science will affirm  a  connexion 
o f  tw o widely separated  languages on th e  evidence o f 
sim ilarities o f a  few words selected from  im perfect 
vocabularies. Or one who, by  h is lack of knowledge 
o f social anthropology, is ignorant o f the  n a tu re  of 
in stitu tions such as to tem ism  or exogamous moieties, 
w ill affirm th a t  these institu tions a ll over the  world 
m ust have been introduced by E gyptians looking for 
gold, pearls an d  cowrie shells.

P rehistoric archaeology is really  one k ind  of e thno ­
logy (palaeo-ethnology), th e  s tu d y  o f th e  peoples o f 
th e  prehistoric p as t who are known to  us only from  
th e ir  rem ains— th e ir  dwelling sites, th e ir  bones, 
th e  im plem ents th ey  m ade an d  used. Since the  
archaeologist recovers no traces o f the  languages or 
th e  social in stitu tions o f these vanished peoples he 
has no need, in  th e  pursuance o f h is own special 
studies, for an y  knowledge o f linguistics or social 
anthropology. On the  o ther hand, he has to  know 
som ething o f geology an d  surveying. I t  would 
seem to  be m ost desirable th a t  ethnology an d  archae­
ology should keep closely together. They are m erely 
branches o f  a single study .

L inguistics, the  system atic s tu d y  of language in 
general, as distinguished from  th e  s tudy  of particu la r 
languages o r groups o f  languages, is regarded in  th e  
U nited  S tates as one o f th e  fields o f anthropology. 
In  E ngland th e  subject, as a  subject, has n o t ye t 
received recognition except in  th e  School o f Oriental 
Studies, London. A  s tuden t who in tends to  specialize 
in  linguistics does n o t really  need to  know anyth ing  
m ore abou t physical anthropology o r prehistoric 
archaeology th a n  ought to  be known by every educated 
person. B u t there are  im portan t connexions of 
linguistics w ith  ethnology an d  social anthropology. 
F o r exam ple, th e  ethnological problem  o f th e  A ryan 
people is a  linguistic problem  as well as a n  archaeo­
logical, racial an d  cu ltu ral problem .

W e come finally to  social anthropology—the  
general theoretical s tu d y  o f social institutions-—law, 
religion, political an d  economic organization, etc. 
W ith in  h is own field o f  study , th e  social an th ro ­
pologist has no use for physical anthropology. I f  it 
should ever be proved th a t  racial ( th a t is, biologically 
inherited) characters influence social institu tions or 
th e ir  developm ent, th en  he would ta k e  due note o f 
th e  fact.

P rehistoric archaeology obviously m akes no con­
trib u tio n  to  such branches o f social anthropology as 
com parative religion, th e  com parative s tudy  of law  
o r o f  kinship  or o f economic system s. I t  does n o t 
even provide very  m uch help  to  th e  s tudy  of com para­
tiv e  technology as th a t  is conducted in social an th ro ­
pology, where w hat is sought is to  determ ine the  
m u tua l in terrelations between th e  system  o f 
techniques and 1he o ther p a r ts  o f  th e  to ta l social 
system . C ertainly a social anthropologist should be 
acquain ted  w ith  th e  general resu lts o f prehistorio 
archaeology, b u t th e  m ethods o f th e  archaeologist 
and th e  details o f investigation are  no t his concern 
as a social anthropologist.

There is often  a  good deal o f confusion abou t th e  
re la tion  o f  social anthropology to  ethnology. To a 
certa in  ex ten t, b u t only to  a  certain  ex ten t, they  deal
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w ith  th e  sam e facts. B u t th e y  deal w ith  them  in 
qu ite  different ways. A typ ical problem  o f ethnology 
is how and  when th e  ancestors o f th e  A m erican Ind ians 
en tered  th e  continen t o f Am erica an d  how  th ey  
developed th e  differences o f  racial character, language 
an d  cu ltu re which th ey  exhib ited  when Europeans 
first came in  contact With them . A  typ ical problem  
o f social anthropology is, “W h a t is th e  n a tu re  o f 
Law  ?” An ethnologist and  a social anthropologist 
m igh t b o th  s tudy  th e  sam e A m erican Ind ian  tribe , 
b u t one w ould be looking for facts relevant to  h is aim  
o f placing th e  tr ib e  w ith in  his general p ic ture of the  
peoples o f th e  c o n tin e n t; th e  o ther w ould be exam in­
ing th e  w ay in which th e  tr ib e  deals w ith  infractions 
o f custom  in its  bearing on a general theory  o f th e  
n a tu re  an d  function of law.

Since b o th  ethnology an d  social anthropology need 
field studies, there is an  obvious economy o f labour if  a 
field w orker can provide the  m ateria l needed b y  the  
ethnologist an d  also th a t  needed b y  th e  social an th ro ­
pologist. In  some field studies th is  has been done. 
B u t a field s tu d y  in  social anthropology needs m ore 
th a n  description ; i t  requires theore tical analysis. 
There a re  innum erable exam ples o f  ethnographic 
m onographs which are adm irable for the  purposes of 
ethnology b u t a re  extrem ely  unsa tisfac to ry  to  th e  
social anthropologist who m ight w ish to  m ake use of 
th e  data .

E thnographical field stud ies are generally confined 
to  th e  p re-lite ra te  peoples. In  th e  la s t te n  years, field 
studies by  social anthropologists have been carried 
ou t on a  tow n in M assachusetts, a  tow n in Mississippi, 
a  F rench  C anadian com m unity , C ounty  Clare in  
Ire land , villages in Ja p a n  and  China. Such studies o f 
com m unities in  ‘civilized’ countries, carried ou t by  
tra in ed  investigators, w ill p lay  a n  increasingly large 
p a r t  in  th e  social anthropology o f th e  fu ture .

I t  is now possible to  see th a t  w hat holds th e  various 
branches o f  anthropology together is th e  central 
position  o f ethnology (with archaeology) as th e  geo­
graphical, h istorical and  classificatory s tu d y  o f races 
an d  peoples, p as t an d  present. I t  is for th is  reason 
th a t  ethnology an d  anthropology are  som etim es 
regarded as being one and th e  same. I t  is an  in te rest­
ing fac t th a t  th e  sym posium  (as i t  is now  com monly 
called) on th e  fu tu re  o f  anthropology a t  th e  centenary 
m eeting o f the  R oyal A nthropological In s titu te  
included discussions on physical anthropology, 
archaeology, social anthropology an d  th e  s tu d y  o f 
m ateria l culture. There was no one to  speak on the 
fu tu re  o f ethnology. E thnology takes contributions 
from  physical anthropology an d  linguistics, b u t gives 
li t t le  to  them  in re tu rn . Social anthropology as 
th e  s tu d y  o f evolution is in  bad  odour w ith  some 
ethnologists a t  p resent, so th a t  w hile th ey  give little  
th e y  also tak e  little .

B u t w hat o f the  relations o f th e  branches o f an th ro ­
pology to  subjects th a t  lie outside th e  field o f  a n th ro ­
pology ? Physical anthropology has its  closest 
connexion w ith  th e  biological sciences. There is a 
tendency  to  seek to  absorb  i t  in to  a  w ider s tu d y  o f 
hum an biology, w hich would, p resum ably , also 
include w hat is called social biology. The s tudy  of the 
B an tu  languages or th e  languages o f  th e  American 
Ind ians is left to  th e  anthropologist, b u t n o t th e  s tu d y  
o f th e  Indo-E uropean and  Sem itic languages. How 
(and w hy) draw  a  line between preh istoric  archaeology 
an d  th e  archaeology o f historic tim es ? B u t i f  no such 
line is draw n, archaeology becomes continuous w ith  
h isto ry . E thnology, o r some p a r t  o f it ,  is claim ed as 
a  subdivision o f geography—ethnogeography. A nd

where, a t  th e  present tim e, are we to  p u t anthropo- 
geography or hum an geography, in geography or in 
anthropology or in bo th  ?

E thnology deals w ith  th e  h isto ry  of peoples. B u t 
th e  re s t o f h isto ry  is excluded from  anthropology. 
Y et th e  closest connexion o f social anthropology is 
w ith  th e  h isto ry  o f institu tions—economic history, 
th e  h is to ry  o f religion, o f law, o f political organization, 
o f science, etc. B u t to  th e  social anthropologist the 
h is to ry  o f E urope or of C hristian ity  is o f no more 
in te rest th a n  th e  h is to ry  o f Ind ia  or China, o f Islam  
or Buddhism .

The w riter o f the  artic le  on “The F u tu re  of A nthro­
pology” (see Nature, Nov. 20, 1943, p . 587), which 
surveyed th e  discussion a t  th e  centenary m eeting 
o f th e  R oyal A nthropological In s titu te , asks, ‘W ho 
is to  s tu d y  th e  world-wide h is to ry  and  development 
o f social in stitu tions ?” The answer is, in th e  first 
place, th e  historians. The social anthropologist 
cannot exam ine for h im self th e  original sources for 
th e  economic, political, legal and  religious history  
o f ancient Greece and  Rom e, Ind ia , China, Russia, 
P ersia an d  Turkey. I t  is unusual for h im  to  lie 
thoroughly  com petent in even one o f these fields. 
The social anthropologist, for the  m ost p a rt, has to  
ta k e  th e  facts abou t institu tional h isto ry  and  develop­
m ent from  the  h istorians, though, o f course, he has to  
exercise his judgm ent as to  the  reliability  o f a pa rticu ­
la r  h isto rian . W hat th e  social anthropologist does 
w ith  th is  m ateria l is to  use it  to  form ulate his general 
hypotheses abou t law, religion, economic organization 
an d  so on. B u t these hypotheses need to  be verified ; 
an d  although  some verification is possible by  the 
com parison o f different h istorical societies, the  final 
te s t lies in  ac tua l (experim ental) observation of ex ist­
ing social system s.

Political system s, economic system s, and system s 
of law  are stud ied  in  social anthropology and  also 
in  economics, political science and  jurisprudence. 
B u t there are very  im portan t differences of m ethod. 
One of these, though  by no m eans the  m ost im portant, 
is th a t  in  th e  th ree  studies m entioned atten tion  is 
usually  confined to  certain  types o f  society, whereas 
social anthropology has for its field all hum an societies 
an d  therefore tends to  pay  m ost a tten tio n  to  those 
which are neglected by  th e  social sciences. I t  is 
tru e  th a t  a t  present there is no close connexion of 
th e  th ree  social sciences w ith  social anthropology, 
b u t th is  m ay be expected to  develop as the  last- 
nam ed subject itse lf  develops.

As anthropology is a t  present recognized, psy ­
chology lies outside. Y et social anthropology stands 
in  a very  close relation to  psychology. To m ake the 
relationship clear i t  is necessary to  distinguish 
between two kinds o f psychology. Psychology is 
here taken  to  m ean the  s tudy  of the  m ental or psychic 
system s— if  you will, th e  behaviour systems—of 
organism s. W e m ay  s tudy  th e  behaviour, the 
external m anifestations of th e  psyche, o f earthworm s, 
ra ts  o r chimpanzees. General hum an psychology 
deals w ith  th e  m ental characteristics which are 
possessed by  all hum an beings. Social anthropology 
deals w ith  the  characteristics o f all hum an social 
system s. A  social system  consists o f a  certain  set o f 
social relations between certain  hum an beings, exhib­
ited  to  observation in  th e ir  interactions w ith  one 
another. I t  is obvious th a t  one determ ining factor 
in  th e  form ation o f hum an social system s is th a t basic 
hum an  n a tu re  which it  is th e  business o f the  general 
psychologist to  study . Similarly, the  natu re  of 
m ulticellular organisms is determ ined by th e  nature
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of the living cell which i t  is th e  business of the 
cytologist, th e  biochem ist and  th e  biophysicist to  
study. The connexion between social anthropology 
and general psychology is ju s t as close and  o f  ju s t the 
same kind as th e  re la tion  between anim al physiology 
and  cytology.

There are also w hat m ay  conveniently be called 
‘special psychologies’. These deal, n o t w ith  the  
universal characteristics o f hum an beings, w ith  basic 
hum an nature , b u t w ith  th e  special m ental o r behav­
iour characteristics o f individuals, types, classes or 
groups. P sych ia try  affords a n  exam ple o f a  ‘special 
psychology’, as do a ttem p ts  to  define psychological 
"types’— extrovert, in tro v e r t; schizophrenic, cyclo­
thym ic ; pycnic, asthenic.

One of th e  ‘special psychologies’ consists o f the  
s tudy  of the  psychical characteristics ( th a t is, charac­
teristics o f m ind or behaviour) o f the  m em bers o f a 
defined social group, either a  local com m unity or a 
defined social class w ith in  a  local com m unity. W hen 
we s tudy  th e  ‘psychology’ o f th e  French or the  
Germans or th e  people of the  U nited  S tates, We are 
dealing with those characteristics o f m ind or behaviour 
th a t  resu lt from  ‘conditioning’ by  a p articu la r social 
system . H ere th e  ‘special’ characteristics w ith  which 
we are concerned are determ ined by  the  social system , 
while the  social system  itse lf is determ ined by  th e  
general characteristics o f basic hum an nature .

I t  should be evident th a t  there is a  two-way con­
nexion between social anthropology an d  psychology. 
H um an societies are w hat they  are because hum an 
beings are w hat they  are. Sim ilarly a  h u m an 'body  
is w hat i t  is because living cells are w hat th e y  are. 
B u t w hy hum an beings belonging to  a  p articu la r 
society or group exhibit certain  characteristic modes 
of behaviour is because they  have been ‘conditioned’, 
as the  phrase is, by  th a t  society. S im ilarly th e  cells 
o f a muscle ac t and  react as th ey  do because they  are 
individual members of th e  muscle.

Prof. F . C. B a rtle tt (Nature, Dec. 18, 1943, p . 700) 
proposes drastic changes. H e would give no place in 
anthropology to  archeology, to  linguistics (the 
general s tudy  o f language), to  ethnology (the geo­
graphical and  historical s tudy  o f races and  peoples), 
or to  social anthropology (as th e  com parative s tudy  
of th e  form s o f association found am ong hum an 
beings or as th e  s tudy  o f social evolution). H e would 
re ta in  physical anthropology or an th ropom etry  i f  i t  
would abandon its  present aim  o f studying evolution, 
variation  and heredity  in  the  hum an fam ily and  would 
devote itse lf  to  m easuring physical characters th a t  
are correlated w ith  differences o f behaviour. H e would 
also adm it th e  s tu d y  of m ateria l cultu re so long as i t  
was lim ited to  th e  s tudy  of the  applications o f n a tu ra l 
knowledge and  th e ir  influence on behaviour. H e 
adds two o ther disciplines. One is th e  s tu d y  o f th e  
effects o f general environm ental conditions on 
behaviour. The o ther is the  s tudy  o f “a  group’s 
psychological possessions, its  trad itions, beliefs, 
customs, ideals and  of th e ir  repercussion upon social 
conduct” . F o r Prof. B a rtle tt, anthropology should 
heroine a  group o f special psychologies dealing w ith  
the effects on behaviour o f anatom ical characters, 
environm ent, knowledge and  the  ‘psychological 
possessions’ of groups. A nthropologists need no t 
fear, however, th a t  Prof. B a r t le t t’s d rastic  reform s 
will be carried out in  th e  near fu ture . Meanwhile, 
th a t ‘special psychology’ which is concerned w ith  
the w ay in  which the  behaviour o f individuals is 
determ ined by the  ‘cu ltu re’ of the  society in  which 
they live is already p a r t o f social anthropology.

B u t to  say  th a t  i t  should be th e  whole o f i t  is to  deny 
to  social anthropology th e  rig h t to  th a t  s tudy  of the 
n a tu re  o f social system s and  of th e ir  evolution which 
is th e  raison d ’&tre of th e  science.

A pplied social anthropology is n o t m uch m ore th a n  
tw en ty  years old. I t  Was developed in  South Africa, 
E ngland and  A ustralia in  connexion w ith  problem s 
o f Colonial adm inistra tion . A bout twelve years ago 
i t  secured, despite th e  opposition of some ethnologists, 
a footing in  th e  U nited  S tates, n o t only in  the  Indian 
B ureau b u t also in  th e  Soil Conservation Bureau 
and  in an  investigation of fac tory  efficiency carried 
ou t in  a large factory  under th e  direction of Prof. E lton  
Mayo of H arvard . Since the  U nited  S tates came into 
th e  W ar, large num bers o f anthropologists have been 
called to  W ashington to  carry  out w ork which either 
is, or is supposed to  be, applied anthropology.

There is a  good deal o f m isunderstanding about 
applied anthropology, w hat i t  is, w hat i t  can do 
an d  w hat i t  cannot do, b u t th a t  m a tte r  obviously 
cannot be discussed here. The recognition of applied 
social anthropology has certain  very  definite ad v an ­
tages and  certain  equally  definite disadvantagee. 
To m ention only one o f the  la tte r, theoretical social 
anthropology is s till in  th e  form ative stage. The 
dem and on social anthropologists to  spend too m uch 
o f th e ir  tim e on prac tica l problem s would inevitably 
reduce th e  am ount o f w ork th a t  can be given to  the  
developm ent o f th e  theoretical side o f th e  science. 
B u t w ithout a sound basis in  theory , applied an th ro ­
pology m ust deteriorate  and  become n o t applied 
science b u t m erely em pirical practice.

W hat o f th e  future)? Social anthropology m ust 
claim  a position of re la tive  independence. (There 
are already  chairs of social anthropology a t  Oxford 
and  Cambridge.) This does not m ean th a t  i t  should 
sever its  connexion w ith  ethnology, w ith  which it  
has always been associated ; and  its  connexion w ith  
ethnology connects i t  ind irectly  w ith  prehistoiic 
archaeology. I t  should m ain ta in  a close connexion 
w ith  general linguistics, for language is a social in s titu ­
tion. (At Oxford th e  only lectures on general 
linguistics have been those given in  th e  In s titu te  of 
Social A nthropology.) I t  could m ain ta in  a closer 
connexion w ith  hum an biology th a n  w ith  th e  narrow er 
subject o f physical anthropology.

Outside the  field o f w hat is called anthropology, i t  
m ust m ain ta in  or establish  connexions w ith p sy ­
chology, w ith  h isto ry  (more particu larly  economic 
h istory , th e  h isto ry  o f law, o f political organization, 
o f religion) an d  w ith  economics, political science and 
jurisprudence. The h isto ry  of culture, in  the  sense 
o f th e  h isto ry  o f a r t, of music, o f literature , ought 
n o t to  be neglected in  any  com plete social an th ro ­
pology, nor, o f course, technological h istory . In  the  
train ing  of a  social authropologist th e  first essential 
is a real understanding o f the  experim ental m ethod in 
scientific investigation, and  th is  is best acquired by  a 
thorough s tudy  of th e  h isto ry  of science. f t-

One p a r t o f social anthropology is th e  com parative 
s tudy  o f economic system s. Surely there ought to  
be close connexion between th is  study  an d  economics 
and  economic h isto ry . A nother p a r t o f social 
anthropology is th e  com parative s tudy  o f legal 
system s, which dem ands a  sim ilar connexion w ith  
jurisprudence and  th e  h isto ry  of law  ; an d  so on 
w ith  o ther p a rts  o f social anthropology. B u t w hat 
p a r t  o f social anthropology would give a sim ilar close 
connexion w ith  th e  s tudy  o f the  som atic differences 
exhibited by  th e  various races o f m ankind, or w ith 
th e  s tudy  o f th e  date  and  th e  affinities o f the  Solutrean
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or Capsian cultu re ? So long as ethnology continues 
to  exist, i t  will provide a  m eeting-ground for archae­
ologists, physical anthropologists, studen ts o f linguis­
tics, and  social anthropologists. Such a meeting- 
ground has been provided for a  cen tu ry  by  th e  R oyal 
Anthropological In s titu te  an d  will continue to  be 
provided in  th e  fu ture . A ny a tte m p t to  impose a 
more rigid artificial u n ity  will be likely to  produce 
exactly  the  opposite o f th e  resu lt a t  which it  aims.

GENETICS AND KARYOLOGY 
OF DROSOPHILA SUBOBSCURA

By D r .  U. PHILIP, J. M. RENDEL, H. SPURW AY 
and P ro f .  J. B. S. HALDANE, F.R.S.

MO D ER N  genetical theo ry  is largely based on 
the  s tudy  o f Drosophila melanogaster, which 

has proved a  useful guide to  the  genetics o f o ther 
organism s. B u t the re  has been a  tendency to  regard  
th is  species as a  s tandard , an d  an y  deviations from  
its  genetical behaviour as exceptions.

The genetical s tu d y  o f o the r species o f D rosophila 
has n o t m erely opened a  prom ising field o f  com para­
tive genet ics ; i t  has also dem onstrated  th a t  m ost 
species show qualita tive ly  novel features. Thus 
D. virilis has a  num ber o f  labile genes, D . miranda  
has two X-chromosomes. In  D . ananassce the  m ales 
are trip lo id  for a t  least one gene. D . pseudo-obscura A, 
though  apparen tly  m onotypie, is polym orphic for a 
num ber o f intra-chrom osom al gene orders, each w ith  
its characteristic geographical ra n g e ; an d  D . sub- 
obscura has been found to  be a  s tru c tu ra l hetero ­
zygote in bo th  sexes. In  general th e  com parison of 
species suggests th a t  th ey  differ a t  least as m uch in 
the  arrangem ent and  proportions of th e  gene m ateria l 
as w ith  regard  to  genes them selves.

C. Gordon1 began the  genetical s tu d y  o f Drosophila 
subobscura, and  we owe some o f our stocks to  him . 
The s tu d y  was continued by  Gordon, Spurw ay, an d  
S tre e t2 an d  Ohristie3, an d  we hope shortly  to  publish 
a  series o f papers on it.  The species belongs to  the 
obscura group of th e  subgenus Sophophora (S turte- 
v a n t4), an d  its diagnostic characters are given by  
Gordon (1936) according to  Collin (unpublished). I t  
appears to  be a  native B ritish  species, an d  seems to  
have a  wido d istribu tion  in  Europe. F o r in  a  le tte r  
sent ju s t before th e  ou tb reak  o f w ar w ith  I ta ly , 
Buzzati-Travorso an d  Pom ini, o f the  U niversity  o f 
P avia , inform ed us th a t  flies o f our stocks h ad  given 
hybrids w ith  flies o f  a  species found in  I ta ly  and  
G erm any, on which th ey  had  m ade genetical and 
cytological studies. I ts  possible iden tity  w ith  Sokolov 
an d  D ubinin’s6 D . obscura-3 from  th e  U .S.S.R ., is 
discussed la ter. The flies can be caught fairly  regu­
la rly  under ‘bleeding’ elms and  oaks. W e know 
lit t le  o f th e  several re la ted  B ritish  species, an d  have 
so fa r n o t a ttem p ted  to  s tu d y  th e ir  system aties.

A t m ito tic m etaphase there are five pairs o f telo- 
m itic rod-shaped chromosomes, an d  one p a ir  o f ‘do ts’. 
The X - an d  ^-chrom osom es, w hich are o f  equal 
length, are th e  longest p a ir  o f rods. T hey can also 
be distinguished from  autosom es in  th a t  som atic 
pairing  only occurs a t  th e ir  proxim al ends.

The salivary  gland nuclei contain one sho rt and  
five long elements. The Y -chromosome is exceptional 
in  including a t  least 15 euchrom atic bands, which 
have homologues in th e  X .  One o f  th e  autosom es 
carries a  large swelling sim ilar to  the  ‘B albiani R ing’

o f Chironomus. The long chromosomes contain a 
good deal o f heterochrom atin . In  all o ther Droso­
ph ila  species so fa r described, except D. busckii, the 
heterochrom atin  o f th e  proxim al ends of th e  chrom o­
somes form s a  large d a rk ly  stain ing chrom ocentre. In  
D . subobscura th is  heterochrom atin  consists o f large 
pale granules, and  there is no chrom ocentre 
(Emmens*).

T he m ost in teresting  feature o f th e  species is the  
polym orphism  o f th e  chromosomes, each of which 
presum ably  represents one elem ent in  M uller’s7 te rm ­
inology. A lm ost a ll larvae bo th  from  Wild parents 
and  labora to ry  cultures show inversion configurations 
in  one to  five of th e  long chromosomes ; no tra n s ­
locations have been found. The different chrom o­
som al orders fall in to  two groups.

(a) B oth  homozygous form s seem as viable and 
fertile  as th e  heterozygote. In  the  four cases o f th is 
ty p e  so fa r studied, one order is by  fa r th e  commoner, 
and  m ay be taken  as the  standard , from  which the 
o ther orders m ay be said to  differ by  one or more 
inversions.

(b) In  th ree  cases th e  heterozygote appears to  l e 
m ore viable and  fertile th a n  e ither homozygote. 
M ost larvae show salivary  configurations proving th a t 
in  a t  least two o f  th e  paired  autosom es th e  hom o­
logues differ in  respect o f a  com pound inversion. 
These inversions are an  included inversion covering 
th e  m iddle th ird  o f one autosom e, two adjacent 
inversions covering th ree fifths o f another, and a pair 
o f overlapping inversions covering th e  d ista l quarte r 
o f  a  th ird  autosom e. T hus th ree o f th e  autosom es 
have tw o (if n o t more) equally  common isomeric 
orders. As th e y  differ in  respect o f com pound inver­
sions, these should reduce crossing-over in  hetero ­
zygotes very  efficiently.

F rom  a cross between two s tru c tu ra l heterozygotes, 
o r between a  heterozygote and  a  homozygote, we 
should  expect equal num bers o f  larvae homozygous 
and  heterozygous for a p a rticu la r chromosome. In  fac t, 
the re  are  significantly fewer homozygotes, though 
th e  n a tu re  o f  th e  selection against them  is so far 
unknow n. I t s  efficiency m ay  be judged from  the  
fac t th a t  a  line which, before inbreeding, was hetero ­
zygous for th e  th ree  inversions the  heterozygosity of 
w hich is favoured b y  selection, is s till heterozygous 
fo r a ll o f them  afte r fifteen generations of b ro th er- 
sister m ating. This would only be expected in one of 
37,000 such lines in  th e  absence o f selection. A nother 
sim ilar stock was s till heterozygous for all th ree 
a f te r  ten  generations of b ro ther-siste r m ating  ; afte r 
nineteen generations i t  was s till heterozygous for one, 
an d  died ou t during th e  tw enty-first. Stocks m ade 
cytologically homozygous for any. two o f th e  th ree 
orders ten d  to  die o u t ; however, we have one 
cytologically homozygous stock derived from  a 
fertilized wild female ; b u t th is  is extrem ely difficult 
to  keep alive, though  it  can easily be crossed w ith 
our o ther stocks.

T hus th e  species resembles a  perm anent s tru c tu ra l 
heterozygote such as m any O enothera species, though 
s tru c tu ra l hom ozygotes are n o t qu ite inviable. 
Sokolov an d  D ubinin  (loc. cit.) reported  a  sim ilar 
s tru c tu ra l heterozygosity  in a  species from  U kraine 
and  Caucasia w hich th ey  referred  to  as Drosophila 
obscura-3 w ithou t giving diagnostic characters. The 
detailed  s tru c tu re  o f th e  inversions seems to  be differ­
ent, an d  i t  will be o f g rea t in terest to  determ ine 
how  close system atically  th e ir  populations are  to  ours.

In  some v erteb ra te  species, such as mice, pure 
lines can easily be established. In  others, b ro th er-
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sinter m ating leads to  low v iab ility  o r in fertility , or 
else to  lines which are n o t as homogeneous as  ex ­
pected. I t  is a t  least possible th a t  in  such cases 
cytological investigations m ay reveal a  condition like 
th a t o f D. subobscura. In  any  event, a  sm all and  
rapidly breeding anim al species in which inbreeding 
is harm ful is a  valuable object o f  genetical study .

In  our presen t stocks forty-seven loci are m arked  by  
visible m utan ts, several o f them  by  a  series o f allelo­
morphs, and  forty-four o f these loci have been assigned 
to  linkage groups. On th e  X-chrom osome we have 
fourteen loci, a p a r t from  lethals. Some o f th e  sex- 
linked m u tan ts, such as yellow, cut, singed and  
bobbed w ith  a term inal locus an d  a  norm al allelo­
m orph in th e  Y, are clearly  homologous w ith  those 
of o ther species. The homologies o f th e  autosom al 
m utan ts are m ore doubtful. The m ost strik ing  
m utan ts w ithou t obvious homologues in  o the r species 
are an  incom pletely recessive white testis, w ith  no 
change in  eye colour; bulge, a  sex-linked recessive 
hypertrophy  of th e  eyes, which m ay be folded w ith ­
out disarrangem ent of th e  facets ; short costal vein, 
a  sex-linked recessive abolishing one o f  th e  diagnostic 
characters o f the  g en u s; and  six-jointed, an  autosom al 
recessive giving an  ex tra  ta rsa l segm ent and  rough 
eyes.

M any of th e  m u tan ts  were obtained by  inbreeding 
the progeny of wild flies. M ost o f these are autosom al, 
b u t th ree are sex-linked. One o f these, withered wing, 
found by S treet and  Gordon (unpublished), is in ­
teresting as being sex-limited, only appearing in 
homozygous females, and  no t in  hem izygous males. 
I t  is therefore, like an  autosom al recessive, largely 
shielded from  natu ra l selection. Though located near 
the proxim al end o f th e  X ,  i t  has no norm al allelo­
m orph in th e  Y-chromosome like bobbed. The o ther 
two, a le thal and  a  visible dried wing, a re  ordinary  
sex-linked recessives.

Since each long autosom e will u ltim ate ly  have th ree 
m aps, one for each homozygous chromosome order, 
and one for th e  heterozygote, m apping is a  slow 
process, b u t i t  is certa in  th a t  th e  m aps of all five 
long chromosomes will be longer th a n  those o f  D. 
melanogaster. T h a t o f  th e  X  is m ore th a n  150 un its  
long, com pared w ith  67 in D. melanogaster. The 
minimal estim ates o f the  length  o f th e  long auto- 
somes vary  from  80 to  140 un its , as com pared w ith  
47 to  55 un its  for th e  arm s in  D . melanogaster.

The to ta l lengths o f th e  genetical m aps o f different 
species o f D rosophila are :

Drosophila virilis
8ubob8Cura 
pseudoobscura A

simulans
melanogaster

788 (Chino)8 
570 +
420 (Sturtevantand Tan)* 
326 (Kikkawa)10 
311 (Sturtevant)11 
280 (Brehme)1*

Thus melanogaster is far from  typ ical o f th e  genus. 
Since the  species do no t differ m arkedly  in  th e  num ­
bers o f bands in  th e  sa livary  chromosomes, th e  
differences in m ap-length are  p robab ly  due to  
differences in frequency of chiasm a form ation w ithin 
homologous regions.

W ith  such large m ap distances recom bination 
values reach 50 p er cent, an d  a t  least one, nam ely, 
50-82 ± 0 -4 2  p er cen t betw een scarlet an d  interrupted 
venation, th e  loci o f which are  m ore th a n  86 un its  
apart, is perhaps above 50 per cent. W e have also d is­
covered negative interference in  connexion w ith  a  
large inversion in  th e  ^-chrom osom e. T he presence 
of a cross-over in  th e  region im m ediately  proxim al 
to th is inversion, so fa r from  dim inishing th e  fre ­
quency o f cross-overs in  th e  region im m ediately

d ista l to  it,  increases i t  abou t tw enty-fold. M ultiple 
crossing-over is, o f course, m uch m ore frequent th a n  
in  D. melanogaster, an d  we possess considerable d a ta  
concerning it.

The effect o f inversions on crossing-over is also 
q u an tita tiv e ly  different from  th a t  in  D. melanogaster. 
T hus a  single inversion covering ab o u t a  th ird  o f the  
X-chrom osome an d  reducing th e  m ap-length by  a t  
least 80 un its  gave only one in ternal double cross­
over in 8,000 flies. A single inversion covering ab o u t 
15 p er cent o f th is  chromosome, an d  lying between 
loci giving 32 p er cent o f recom bination, d id  no t 
reduce th is  percentage. This an d  o ther fac ts  suggest 
th a t  chiasm ata a re  localized.

‘N on-disjunction’ o f  th e  sex chromosomes, causing 
th e  production o f female pronuclei w ith  two or no 
.X'-chromosomes, occurs once in  ab o u t 7,000 oogeneses. 
B u t, as in  D . pseudoobscura, X X Y  fem ales do n o t 
give X X  pronuclei w ith  a n  appreciably  higher fre­
quency th a n  X X  females.

Meiosis can be observed in  m ale imagines o f th is  
an d  o ther D rosophila species (Philip13). The th ree  
sex chromosomes in  X Y Y  m ales form  a, loose tri-  
valen t an d  segregate a t  random . A  m ale o f  s lightly  
abnorm al phenotype an d  two norm al m ales w ere 
trisom ic for one o f th e  long autosomes, a  condition 
w hich is le tha l in  D. melanogaster.

W e have found four flies mosaic for sex-linked 
genes. One appeared to  be w holly female an d  th ree 
gynandrom orphs. One o f these had  two ovaries 
and  two testes, a ll fa irly  well developed, b u t no t 
norm al. All th e  mosaics were ‘fore an d  a f t ’ ra th e r  
th a n  b ila tera l, suggesting a  p a tte rn  o f  cleavage some­
w hat different from  th a t  o f D . melanogaster. A  sex- 
linked eye colour which was non-autonom ous in  two 
ou t o f th ree mosaics is probably  homologous w ith 
vermilion in  o the r species.

U nlike a ll o ther D rosophila species so fa r tested , 
D . subobscura w ill n o t m ate  in  th e  dark . Since visual 
stim uli are essential for m ating, several m u ta n t 
form s w ith  abnorm al eye colours, including white, 
which, though phototropic, do no t respond to  m oving 
contours (K alm us14) a re  m ale-sterile. The m u ta n t 
yellow, a s  in  o ther species, has a  cuticle abnorm ally  
perm eable to  w ater and  o ther substances (K alm us15) 
an d  is a t  a  d isadvantage in d ry  environm ents. In
D. subobscura i t  is also a t  a  d isadvantage as a  m ale 
in  m ating. N orm al females generally k ick  off yellow 
m ales which a tte m p t to  copulate w ith  them . Yellow 
females show no preference. B u t it  is possible by  
selection to  obtain  a  stock in which norm al fem ales 
a re  com paratively to le ran t o f yellow males, though 
th e  norm al body colour is s till preferred. T hus We 
have dem onstrated  n o t only sexual selection o f  a 
m ore or less Darw inian type, b u t also th e  inheritance 
o f degrees o f preference in  the  female, such as Darwin 
postu lated .

I t  will be seen th a t  th is  n a tiv e  European species 
differs from  all anim als so fa r described (if Sokolov 
and  D ubinin’s form  an d  our own are  conspecifie) in  
being norm ally a s tru c tu ra l heterozygote in  bo th  
sexes. I t  is also very  favourab le m ateria l n o t only 
for com parative genetic-.;, b u t for th e  s tu d y  o f  chrom o­
somes w ith  long m ap distances, o f  polysom y, o f the  
genetics o f  behaviour, an d  m any o ther topics. W e 
hope a f te r  th e  We;r to  com pare the  B ritish  and  Con­
tin en ta l races. I t  is also to  be hoped th a t  i t  will be 
stud ied  in  several B ritish  centres, in  order to  in ­
vestigate W hether i t  possesses geographical races or 
o the r ad ap ta tio n s  to  th e  different conditions in  various 
p a r ts  o f  B ritain .
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HEALTH EDUCATION IN YOUTH 
SERVICE*

TH E  Central Council for H ealth  Education, which is 
recognized by  the Government as one of its  agencies 
for hea lth  education, has though t it  tim ely  to  outline 

th e  p a r t th a t  i t  considers h ea lth  education should 
p lay  in  the  y ou th  service o f th e  fu ture.

The general stan d ard  o f hea lth  in  the  com m unity 
a t  presen t falls so fa r sho rt o f possibilities th a t  there 
is obviously m uch room  for im provem ent ; an d  one of 
the  ways in  which it  can be im proved is th rough 
hea lth  education. Clearly, education alone will no t 
be sufficient— there is needed also an  im provem ent 
in com m unity conditions (particularly  in  regard  to  
housing and nu trition). B u t i t  is only th rough 
education th a t  people can be encouraged to  m ake 
th e  best use of conditions as th ey  exist an d  be m ade 
aw are o f th e  possibilities o f im proving them .

Ideally , hea lth  education should be a w ay of living 
an d  som ething th a t  is alm ost insensibly absorbed in 
the  home, the  school, th e  you th  organization and  
the  w ork place, ra th e r  th a n  a  form al subject ta u g h t 
in  set sessions a t  set tim es. I t  has, however, a t  least 
th ree im portan t aspects— the im parting  of knowledge, 

N the inculcation o f hab its  and  th e  encouragem ent o f
titudes. Knowledge will no t o f itse lf lead to  b e tte r  

he^ J th  ; b u t i t  provides the  in tellectual background 
to  hŁ>ł)**s already  acquired and  helps in  the  develop­
m en t o '1" hea lthy  a ttitu d es. M any of th e  m ost im por­
ta n t  hea 11 ^ hab its  m ust be inculcated long before the 
child is ca ’' ^ l e  ° f  assim ilating th e  knowledge which 
justifies then.1 ’ th e ir  p ractice should be reinforced 
by  theoretical’ understanding as soon as possible. 
A ttitudes are i„ .V lencod by  home environm ent from  
the  very  earliest a \ VS’ and 111 particu la r b y  the  way
in which h ab it-tra inA -S  18 oarrl®d  ou>  bu1t  theJ  
require intellectual u n d e rs ta n d in g  for th e ir  fullest 
developm ent. These thre;> aspects o f hea lth  education
are th u s closely in te r-re la tt\ , , ,  , ,. . . , 

Knowledge im portan t in  h t \  ' l th  education includes 
an  understanding o f th e  struct'.X re a . , functioning of 
the  body an d  o f th e  rela tionsh ip1 between physical 
an d  m ental health . Im p o rtan t 1S a n  u1nder_
standing  of how  the  spread of disease' occurs an d  how 
it  can be prevented  or reduced ; a  g r a f i j . . social 
factors influencing the  hea lth  an d  well-iX 
com m unity ; an d  a  knowledge o f th e  p e r \ onfl a

* Memorandum by the Central Council for H ealth Educa.v. ’on-

social m easures necessary to  enhance hea lth  and 
build  up  resistance to  disease.

T he bodily  hab its  relevant to  h ea lth  education 
include those consisting essentially  o f the disciplining 
of n a tu ra l functions (for exam ple, eating and  void­
ing) an d  those o thers (for exam ple, personal cleanli­
ness) w hich are essentially  hab its  o f civilization. 
E qually  im portan t are the  hab its  o f the  m ind and of 
behaviour in rela tion  to  society.

Among th e  im portan t a ttitu d e s  are those o f nor- 
m  ility  tow ards the  body and  its  functions, deviating 
neither tow ards prud ish  avoidance nor towards 
p ru rien t curiosity  ; of regarding hea lth  no t as a mere 
absence o f disease, b u t ra th e r  as a positive s ta te  of 
joyous well-being ; an d  o f feeling a  sense of responsi­
b ility  for th e  s ta te  o f personal, fam ily an d  com m unity 
health .

Since young people do no t en ter w ith in  the  scope 
o f  th e  you th  service a t  th e  age of fourteen w ithout 
having been influenced very  considerably by  the ir 
earlier train ing, any  consideration of the type of 
hea lth  education appropriate  to  the  period of 
adolescence is dependent upon the  m aking o f certain  
assum ptions abou t w hat will have been achieved 
before th is  period is reached. I t  seems reasonable to 
assum e th a t  by  the  tim e children reach the age of 
fourteen, th ey  will have received in home, school and 
juvenile organizations, hea lth  education along the 
th ree lines of im parting  o f knowledge, inculcation of 
hab its  an d  encouragem ent o f a ttitu d e s  indicated 
above, up  to  levels appropriate  to  th e ir  stage of 
developm ent. The definition o f these levels is in the 
m ain a m a tte r for paren ts and  teachers, and  those 
responsible for the  you th  service will need to  con­
tinue to  build  from  the  levels a lready  reached.

Health Education in Youth Service
The special functions of hea lth  education in 

adolescence would appear to  be th e  reinforcement 
an d  widening o f earlier education, especially in  those 
directions m ost affected by  the  m aturing  ideals, 
emotions, experiences and  activ ities o f th is period. 
W ith  the  s ta tu to ry  raising o f the school-leaving age, 
some o f th is  education will be given in the  last year 
o r two a t  school, and  w ith  the  establishm ent of 
young people’s colleges, some will be given during 
part-tim e com pulsory education .. The ex tra  year or 
two of com pulsory education would be m ost usefully 
em ployed in giving system atic instruction  in those 
aspects o f hea lth  education for which the  adolescent 
is now sufficiently m ature— in intellectual and 
em otional developm ent an d  in social experience and 
awareness. F or m any young people, th is will be the 
la st oppo rtun ity  for system atic instruction, and full 
advantage should be taken  of it.

A  great deal, however, will still rem ain as the 
special function o f vo lun tary  instructional classes 
and  youth  organizations.

The whole sp irit o f health  education in youth 
service should be such as to  encourage the  develop­
m ent in  adolescents o f an  appreciation of the pos­
sibilities o f reaching a h igh standard  of personal and 
com m unity hea lth  and  th e  grow th of a sense of 
individual responsibility  for reaching th is  standard . 
C ertainly im portance should be a ttached  to  the 
measures which are required from  th e  S tate, the  local 
au thorities, etc. ; b u t i t  needs em phasizing th a t 
increasing social provision should be accom panied by 
g rea ter individual effort.

Adolescents particu la rly  need help in m eeting the 
peculiar problem s o f the period through which they
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are p assin g : in  physical problem s such as th e  coping 
w ith the bodily changes o f adolescence ; em otional 
problem s such as those arising from  th e  developm ent 
o f sexual in terests an d  urges ; an d  social problem s 
such as those o f th e  relations between th e  young 
people and  th e ir  paren ts, between young m en an d  
young women, an d  between th e  individual an d  
society.

The age-range covered by  y o u th  service is one in  
which young people are very  in terested  in th e  develop­
m ent o f physical fitness, s treng th , ag ility  an d  grace ; 
an d  an y  plans for hea lth  education should ta k e  full 
advantage o f th is  in terest. The keen desire to  m ake 
oneself a ttrac tiv e  to  o ther people provides a  very  
valuable opportun ity  for education in  th e  care o f  the  
body generally and  parhaps particu la rly  in  the 
a tta inm en t o f grace an d  poise an d  in  th e  care o f  the  
ha ir and  complexion.

The period o f adolescence is also one in which it  is 
essential to  give some tra in ing  fo r approaching 
m atu rity . Exam ples o f  such tra in ing  are  m arriage 
preparation , paren tcraft, hom e economics, and  
instruction  in  th e  m easures needed for th e  m ain ­
tenance in full hea lth  o f th e  individual, th e  fam ily 
an d  the com munity.

I t  is clear th a t  in  mo3t you th  organizations very  
little  will be possible in th e  w ay of system atic courses 
o f instruction. Young people in  th e ir  leisure hours 
wish for recreation, an d  lectures should  be arranged 
m ainly in response to  dem ands m ade by  the  m embers 
themselves. The skilful teacher will be able to  
st im ulate such dem ands— often as a  resu lt o f inform al 
discussions which m ake clear the  need for fu rth e r 
inform ation on specific topics—and  lectures which 
have been requested b y  the  m em bers are likely to  be 
given m uch more a tten tio n  th a n  would have been 
th e  case had  th ey  been forced on th e  m em bers by  
th e  leader.

B u t while i t  is tru e  th a t  th e  atm osphere an d  
practice o f th e  educational system  will be a  v ita l p a r t  
o f health  education th roughout, th is  is pre-em inently  
tru e  of the  you th  organizations. The whole rou tine 
o f the  club—activities, to ile t arrangem ents, concern 
for the  cleanliness o f premises an d  equipm ent, in ­
sistence th a t  hab its  acquired in  th e  organization are 
for everyday use an d  n o t ‘for club n igh t on ly’, p e r­
sonal relationships between leaders and  m em bers 
an d  between one m em ber an d  another—-is o f th e  
u tm ost im portance. Thus th e  encouragem ent o f 
camping, ram bling, you th  hostels, etc., as well as 
the  more form al type  of physical recreation, is an  
essential p a r t  o f health  education.

The ex ten t to  which hea lth  education will be 
carried ou t in  y ou th  organizations will depend largely 
upon the degree to  which th e  leaders a re  them selves 
educated, able to  colour th e  whole life o f the ir 
organization, an d  able an d  ready  to  stim ula te and  
respond to  dem ands for inform ation. In  addition, 
therefore, to  those qualities o f personality  which are 
essential to  an y  successful y ou th  work, a ll leaders 
should be alive to  the  need for and  th e  possibilities 
of health , education, should them selves have a 
positive a ttitu d e  to  hea lth  an d  should have th a t  
necessary m inim um  o f basic factual knowledge which 
will enable them  to  p lan  th e ir  program m es in  the  
best way.

Moreover, each club or group o f clubs should 
have a t  least one leader specially qualified in  hea lth  
education. This person p ligh t in  m any  cases be th e  
physical recreation instructor, in  o ther cases th e  in ­
structo r in  first aid  and  home nursing or allied  subjects.

Ideally , too, each club w ould have a  m edical 
adviser—who would be available to  advise the  you th  
leaders an d  th e  young people upon m a tte rs  w ith in  
h is province. I t  m ust be recognized, however, th a t  
th is  ideal will n o t be a tta in ed  for a long tim e ahead, 
an d  i t  is therefore a ll th e  m ore im p o rtan t th a t  m ean­
while the re  should be a  corps o f fairly  h igh ly  trained  
you th  leaders (each o f  whom  m ight serve a  group of 
clubs) who, while n a tu ra lly  n o t a ttem p tin g  to  carry  
ou t the  w ork o f a  m edical practitioner, would never­
theless be ab le to  give th e  organizations covered by 
th em  skilled help  an d  advice on th e  principles o f 
h ea lth y  living. The C entral Council for H ea lth  
E ducation  is able to  give local au thorities help in  
tra in ing  you th  leaders to  ca rry  ou t th is  work.

No am ount o f tra in ing  will m ake good leaders out 
o f poor m a te r ia l; b u t na tive  abilities an d  ap titudes 
m ay  be reinforced b y  courses o f instruction . I n  the  
organization o f such courses th e  C entral Council for 
H ealth  E ducation  again  can  give considerable help, 
an d  indeed, regards th e  tra in ing  o f you th  leaders as 
one o f its  m ost im portan t tasks. I t  has already  held 
m any  such courses an d  is developing co-operation 
w ith  th e  C entral Council o f  Physical R ecreation so 
th a t  theo ry  an d  practice m ay m arch together.

In  th is  connexion, i t  is w orth  considering the  
in stitu tion  o f a certificate in  hea lth  education along 
lines som ewhat sim ilar to  th a t  in  physical recreation, 
aw arded a t  presen t b y  th e  C entral Council o f  Physical 
R ecreation. Y outh  leaders, like o ther students, are 
th e  m ore likely to  give serious s tu d y  to  a  m a tte r  
w hen th e y  are w orking for a  te s t, an d  have a  n a tu ra l 
desire for some docum entary  evidence o f the  s tandard  
th e y  have a tta in ed . The C entral Council for H ea lth  
E ducation  hopes to  discuss w ith  th e  B oard o f E duca­
tio n  an d  its  Y outh  A dvisory Council the  desirability  
o f  such a  certificate an d  th e  term s upon w hich i t  
m igh t be aw arded to  persons judged su itab le from  
o ther po in ts o f view.

W hile i t  is tru e  th a t  th e  best youth  leaders can do 
excellent Work even in  a  very  poor environm ent, i t  is 
equally  tru e  th a t  a  general h igh  s tan d ard  o f achieve­
m ent depends upon th e  ava ilab ility  o f  adequate 
accom m odation and  equipm ent. Club prem ises which, 
w ith proper cloakroom , lav a to ry  an d  to ile t accom ­
m odation, will reinforce, n o t contrad ict, h ea lth  
te a c h in g ; physical recreation  apparatus, playing 
fields, cam ping sites, swimming pool, y o u th  hostels—  
these are th e  basic m ateria l requirem ents. There is 
also p articu la r need for a perm anent residential 
school, w ith  a ttach ed  model club, in  which, th rough­
ou t th e  year, you th  leaders from  all p a r ts  o f  th e  
country  m ay  gather for train ing  an d  refresher courses, 
o f w hich th e  theory  an d  practice o f h ea lth  education 
should form  an  im portan t p a rt.

THE PHILOSOPHY OF RESEARCH

TH E  Am erican Philosophical Society arranged a 
sym posium  on th e  “Organisation, D irection and  

S upport o f  R esearch” for i ts  au tu m n  m eeting, held  
during Novem ber 19-20, 1943, and  th e  papers 
p resented  have now been published  (Proc. Am er. Phil. 
Soc., 87, No. 4, Ja n u a ry  29, 1944). T ogether th ey  
constitu te  a  no tab le contribu tion  to  th e  philosophy 
o f research, dealing on th e  whole w ith  s tra teg y  ra th e r  
th a n  w ith  tactics, an d  though  concerned p rim arily  
w ith  Am erican conditions, th e y  are h ighly  relevant 
to  th e  present discussions in  G reat B rita in  on th e
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organization o f research, th e  functions o f th e  un iver­
sities, th e  relations between teaching an d  research 
and  like problem s.

The first paper, D r. J .  B. C onant’s F rank lin  Medal 
Lecture on “The A dvancem ent o f Learning in  the  
U nited  S tates in  th e  Post-w ar W orld” , well illu stra tes 
th e  general valid ity  o f the  symposium. Free inquiry, 
he points ou t, is th e  necessary condition for the  
advancem ent o f learning in  an y  age, b u t while wel­
coming the  debate between th e  schools o f Bernal and  
Polanyi on th e  p lanning o f science, D r. Conant urges 
th a t  relevance, n o t u tility , should be th e  touchstone : 
in each area o f th e  en tire  field o f learning, th e  activities 
under w ay m ust be m anifestly  relevant to  the  fu tu re  
of our civilization. Following th e  argum ent o f F rancis 
Bacon, he rem inds us th a t  we m ust no t m istake th e  
m ere acquisition of inform ation for an  advance in 
knowledge, an d  strikes a  note of caution  abou t our 
understanding o f the  scientific m ethod an d  its  lim ita ­
tions which recurs frequently  in  th e  symposium. 
Only in  situations where value judgm ents can be 
elim inated from  th e  fram e o f reference are m ethods 
com parable to  those used in  th e  advancem ent o f 
knowledge really  applicable, and  y e t th e  difference 
between disciplined and  well-informed judgm ents, 
involving values on one h and  and  on th e  o ther ex ­
trav ag an t and  ignorant opinion, m arks th e  boundary  
between civilization and  barbarism . Developing th is  
distinction  between accum ulative knowledge and  
philosophy, D r. Conant refers to  th e  confusion b e­
tw een w hat is social science an d  w hat is social 
philosophy. H e believes th a t,  like th e  service of 
social science and  the  practice o f th e  a r ts  o f dem ocratic 
governm ent, th ey  are vocations w hich cannot be com ­
bined. A  m ajor share in  bo th  advancing learning 
and  fostering philosophy will be th e  responsibility o f 
th e  universities, though research in stitu tes will p lay  
a n  im portan t p a r t, an d  w hether o r n o t professional 
education is combined w ith  research, i t  is essential 
th a t  our in tellectual leaders be in  close contact w ith 
th e  m ost prom ising youths o f th e  oncoming generation. 
W e need n o t organize institu tions o f higher education 
into a  h ierarchy  ; b u t We m ust m ake it  an  am bition  
o f the  people to  foster the  sp irit o f free inquiry. 
The u n ity  of th e  world o f pure learning is based, 
no t on a  common m ethod, b u t on a  common dedica­
tion.

Prof. H . S. Taylor’s paper on “The O rganisation, 
D irection an d  Support o f Research in  th e  Physical 
Sciences” covers m ore th e  problem s considered in  such 
reports as those o f th e  P arliam en tary  and  Scientific 
Com mittee on “Scientific Research and  th e  U niver­
sities” . A fter reviewing briefly th e  research structu re  
in the  U nited  S tates, in  G reat B rita in  and  in th e  
U .S.S.R . and  com m enting on the  rela tion  between 
research an d  education—-the immense needs for 
technological and  scientific train ing  m ust be balanced 
b y  com petent education in  th e  liberal a r ts  and hum ane 
studies—he asserts th a t  th e  problem  o f direction o f 
research is a  problem  of personnel and  is resolved when 
a com petent d irector is found. The body responsible 
for such selection should consist p rim arily  o f scientific 
men, an d  b read th  of in te rest w ith in  th a t  body 
should help to  prom ote wisdom o f choice. In  regard  to  
th e  support o f research, he po in ts ou t th a t  research 
workers an d  directors have local responsibilities 
which, if  recognized, m ight well broaden th e  bases 
from  which p riva te  support o f research m ight come. 
As regards th e  support o f fundam ental research by  
industry , he looks to  th e  prosecution o f fundam ental 
studies in research institu tes, co-operatively su p ­

ported , an d  concerned also w ith the  dissem ination of 
research inform ation and  the  train ing in m ethods of 
research o f specially selected personnel a t  th e  graduate 
s tuden t level for fu tu re  positions o f  responsibility 
w ith in  th e  industry . Speaking o f S tate  and  Govern­
m ent support o f fundam ental research, Prof. Taylor 
insists th a t  scientific m en m ust be m asters in  their 
own households ; the  processes o f m utua l co-operation 
an d  assistance am ong th e  individual sciences must 
be m ultiplied, an d  th e  isolation o f one science from 
ano ther m ust progressively diminish.

In  h is paper “The Discovery and  In terpreta tion  
o f  Biological Phenom ena” , D r. W . Bronk, like Dr. 
Conant, and  M arjorie H . Nicholson in  her subsequent 
paper on “M erchants o f L ight : Scholarship in Arts 
an d  L ette rs” , draws fresh inspiration from  Bacon, 
and  discusses more particu larly  th e  influence of 
scientific societies an d  in stitu tes on teaching and 
research. H e stresses the  need in our teaching for 
more concern w ith  th e  generalizations and  relation­
ships o f science, m ore a tten tio n  to  th e  analytical 
processes, an d  less to  th e  description o f phenomena, 
particu la rly  in  train ing  biological investigators, and 
pleads for clear th ink ing  abou t th e  im pediments 
which certain  of our scientific com partm ents offer to 
effective research, and  th e  lim itations they  impose on 
th e  character o f th e  train ing  we give our fu ture 
investigators.

No sum m ary could do justice to  th is  suggestive 
address, which is p rac tica l ra th e r  th a n  philosophical, 
an d  m uch th e  sam e m ust be said  o f A lan Gregg’s 
“A  Critique o f Medical R esearch” . This is somewha t 
m ore philosophical and  is concerned prim arily  with 
th e  stra tegy  of m edical research. Commenting on an 
im portan t po in t m ade, for example, in the  last 
annual repo rt o f th e  Carnegie Corporation o f New 
York, th a t  research funds are increasingly ea r­
m arked  for specific purposes by  th e  donors, so th a t 
experience in  selecting research problem s and p ro­
jects is on th e  whole too infrequent in  the  medical 
schools, he insists th a t  th e  rig h t o f choosing the  sub­
jec t to  be studied, o f planning and  perform ing some 
crucial experim ent, belongs n o t to  th e  donor or the 
adm inistra tor b u t to  th e  investigator himself. The 
essential pre-occupation of wise adm inistrators is to  
create and  to  foster the  circum stances, the  hum an 
relationships, in  which gifted m en will be m ost 
productive an d  prodigal o f th e ir  g ifts ; and  besides 
th e  creation  o f  fluid research funds D r. Gregg suggests 
th a t  th e  creation o f  readerships, or posts of equal pay 
an d  tenure  to  professorships, b u t w ithout th e  tra d i­
tions or connotation thereof, is urgently  needed to  
correct th a t  characteristic of American research in 
which ab ility  in  research is neutralized, sterilized or 
otherw ise w asted by  th e  existing dem ands of a d ­
m inistration  and  teaching. As to  probable directions 
an d  characteristics of medical research in  the  next 
few decades, he instances th e  s tu d y  o f th e  effect of 
differences of environm ent on genetically sim ilar 
organisms, genetics, biophysics an d  chem otherapy.

D r. K . K . D arrow , in  m uch th e  shortest paper, 
contributes a few crisp com m ents including a defence 
o f the  present system  ; while m uch the  longest paper 
is th a t  by  H . A. Innis on “Political Econom y in the 
M odem S ta te ” . This is a m ajor contribution  to  the 
debate to  which Prof. F . H ayek’s “The R oad to  Serf­
dom ” has recently  contribu ted  in  G reat B rita in , and 
Mr. In n is’s extensive quotations from  M ark P attison  
m ay  well se t th e  contestan ts searching th a t  w riter 
anew. This sound philosophical paper has its  place 
also in th e  discussion on th e  place o f th e  universities
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and their functions, and in Roy F. Nichol’s paper on 
“War and Research in Social Science”, Prof. R. L. 
Schuyler’s paper on “War and Historiography” and 
Marjorie Nicholson’s paper, there are stimulating 
comments and contributions to the fundamental 
thinking and philosophy on which alone the wise 
organization and direction of scientific research can 
be based.

O B I T U A R I E S
Prof. W . E. H. Berwick 

W il l ia m  E d w a r d  H o d g s o n  B e r w ic k , who died 
at Bangor on May 13, 1944, was professor of mathe­
matics in the University College of North Wales 
from 1926 until his retirement, due to ill-health, in 
1941. The title of emeritus professor was then con­
ferred upon him by the University of Wales.

Berwick was bom at Bradford on March 11, 1888, 
and was educated sit Bradford Grammar School and 
at Clare College, Cambridge, of which he was a 
scholar from 1906 until 1910. He was bracketed 
Fourth Wrangler with C. G. Darwin and G. H. 
Livens in the Tripos of 1909 (the last year of the 
order of merit). In 1910 he was placed in the first 
class of Part II of the Tripos, and he was a Smith’s 
Prizeman in 1911. His mathematical distinction was 
later recognized by. a fellowship at his old College 
(1921-24) and by a Cambridge So.D. in 1925.

After two years as assistant lecturer at Bristol, 
Berwick went to Bangor as assistant lecturer and 
afterwards lecturer. Here he remained until 1920, 
except for two years spent in the anti-aircraft experi­
mental section of the Munitions Inventions Depart­
ment. At Bangor he had a congenial colleague in
G. B. Mathews, who for many years had been almost 
the only worker on number-theory in England. 
From Bangor, Berwick went to Leeds, as lecturer 
and afterwards reader in mathematical analysis.

He was appointed to the chair at Bangor in 1926. 
Shortly after this, his health began to deteriorate, 
but he struggled with great courage and fortitude, 
against increasing disabilities, to continue his teach­
ing work and research.

Berwick’s mathematical activity was concerned 
entirely with number-theory, the theory of equations, 
and topics arising out of them. His main publication 
was a Cambridge tract, “Integral Bases”, in which 
he developed methods for determining  an.integral 
basis for any algebraic number-field. In particular, 
such a basis is determined for the field defined by 
y'a. This required the discussion o f twenty-three 
separate cases, depending on the nature of the 
common factors of n  and a. The tract is a substantial 
contribution to algebraic number-theory, and it ex­
hibits Berwick’s interest in, an d  remarkable talent for, 
difficult enumerations and calculations. This talent 
was also shown in his calculations dealing with the 
complex multiplication of the elliptic functions.

Berwick also edited a second edition of Mathews’ 
tract on “Algebraic Equations”, to which he added 
appreciably. He published a number of original 
papers on complex multiplication and on the re­
solvents of quintic and sextio equations. He gave a 
good exposition of the latter subject in a lecture to 
the London Mathematical Society (printed .in the 
iJournal, 3; 1928).

Prof. Berwick leaves a widow, to whom all sym­
pathy is due. H. D a v e n p o r t .

We regret to announce the following deaths :
Lieut.-Colonel L. F. Goodwin, professor of indus­

trial chemistry and chemical engineering in the 
Queen’s University, Kingston, Ontario, on August 15.

Prof. G. F. Stout, during 1903—36 professor of 
logic and metaphysics in the University of St. 
Andrews, on August 18, aged eighty-four.

N E W S  and V I E W S
Mathematics at Bedford College, London : 

Retirement of Prof. Harold Simpson
P bo e '. H a r o l d  Sim p s o n  retires from the chair of 

mathematics at Bedford College, University of Lon­
don, at the end of the present session. After a 
distinguished career at Oxford and a short period 
at Bangor, North Wales, he became head of the 
Mathematics Department at Bedford College in 1907 
and was appointed professor there in 1912. Prof. 
Simpson has contributed many important articles on 
various topics to mathematical and scientific period­
icals ; in addition, he has written four valuable books. 
(These have appeared under the name Hilton, which 
Prof. Simpson gave up in 1939.) The first o f these, 
on “Mathematical Crystallography”, appeared in 
1903, and his interest in this application of mathe­
matics continues; he has served on the council of 
the Mineralogical Society on various occasions since 
1908 and often attended the meetings of the Geology 
Section of the British Association. His next books, 
on “Finite Groups” (1907) and “Homogeneous Linear 
Substitutions” (1914),. are in certain respects an 
almost essential complement to his first, having 
regard to the state of algebraic knowledge in Britain 
at the time. His other book, “Algebraic Plane Curves” 
(1920, 1932), is well known both to teachers and to

students. Prof. Simpson has served on the council of 
the London Mathematical Society since 1915 and has 
been librarian since 1925.

Prof. Simpson played a very active and useful 
part in the affairs of the University of London. In  
particular, his colleagues will remember the skill and 
patience which he exercised in dealing with the 
business of the various committees with which he 
was concerned. Many hundreds of students of Bed­
ford College will remember with gratitude his ex­
ceptional ability as a teacher; his sympathetic and 
understanding nature was particularly apparent to 
those students not so gifted in his subject, but all 
regard him with affection. Outside his own subject 
and in addition to his interest in geology, Prof. 
Simpson was deeply interested in architecture and in 
music. Students at Bedford College will remember 
the excursions he organized for them to various 
centres o f architectural interest and his activities 
with them in the College Musical Society.

Appointment of Dr. W . N. Bailey
D r . W . N. B a il e y , Richardson lecturer in pure 

mathematics in the University of Manchester, has 
been appointed to the University chair of mathe­
matics at Bedford College, London. He is perhaps
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best known for h is Work on th e  theo ry  o f  generalized 
hypergeom etric series ; m uch of th is  was incorporated 
in  h is Cam bridge ‘t r a c t’ on th is  subject, an  excellent 
booklet which m akes p leasan t reading. To h im  are  
due tw o new  m ethods o f obtain ing transform ations 
o f such se rie s ; one is algebraic an d  th e  o ther uses 
contour in tegrals o f  B arnes’ type. These m ethods 
led to  various generalizations in  th e  theory , and  
applications were m ade to  Bessel functions and  
Legendre functions. Some o f his m ost im portan t w ork 
in  th is  field concerned infinite integrals in  which the  
in tegrand  involved th e  p roduct o f th ree  Bessel 
functions. The argum ent used an  earlier resu lt o f 
h is, th a t  A ppells’ hypergeom etric function o f two 
variables could in  a  p articu la r case be expressed as a 
p roduct o f two ordinary  hypergeom etric functions. 
This case has since been o f  use to  o ther Writers an d  
has led to  new  researches. H is m ost recent work, 
which is in  process o f  publication, is on th e  problem  
of finding transform ations o f hypergeom etric series 
o f b o th  th e  ord inary  an d  th e  basic type. Previously, 
no general m ethod o f obtaining transform ations of 
basic series h ad  been given. H is new  po in t o f  view 
has led to  new transform ations of basic series, throw n 
fu rth e r  ligh t upon them  an d  has also led to  num erous 
identities o f the  R ogers-R am anujan  type.

Science and Industry at Manchester
T h e  M anchester C ham ber o f Commerce has done 

well to  issue in  pam phlet form  (Pp. 63. Is. M .) the  
addresses given a t  th e  four m eetings on “Science 
and  In d u s try ” in  M arch and  A pril last. The pam phlet 
contains n o t only th e  addresses o f  L ord  R iverdale, 
D r. A. P. M. Fleming, D r. Andrew McCance and  Sir 
E dw ard  A ppleton, which have a lready  been no ted  in  
these columns, b u t also o ther addresses given a t  the 
m eetings, such as those o f  Sir R aym ond S trea t, Mr.
A. H . S. Hinchcliffe, announcing th e  form ation o f a 
Jo in t S tanding Council o f  th e  Cham ber an d  o f  th e  
U niversity  o f M anchester, Mr. C. C. R enold and  Mr. 
R . H . Dobson. Mr. C. C. Renold, following D r. 
Flem ing’s address on “Research W o rk e rs : th e ir  
Education  an d  th e ir  P lace in  In d u s try ” , referred 
particu la rly  to  the  trad itional industries where the  
application  o f  science should involve challenging th e  
trad itions themselves, n o t m erely tun ing  them  up 
or th e ir  fu rth e r evolution. The em phasis should be on 
th e  application o f w hat is already  known ra th e r th an  
th e  extension o f  th e  boundaries o f  knowledge, and  
Mr. Renold suggested th a t  for th e  medium-sized 
trad itio n a l concern th e  key move is th e  appoin tm ent 
o f a scientific liaison officer w ith  broad and  general 
ra th e r  th a n  specialized scientific qualifications. H is 
job  should be to  recognize th e  problem s and  indicate 
lines w orthy  o f investigation, an d  to  help  th e  prac tica l 
m en to  app ly  th e  answers. W ith  th is  fa irly  high- 
ranking  appoin tm ent in  th e  m anagem ent, a  re-cast- 
ing o f m anagem ent s tru c tu re  m ight also be necessary 
to  separate those functions o f m anagem ent which 
lend them selves to  contact w ith  th e  scientific liaison 
officer an d  thereby  provide a  convenient channel for 
h is influence to  become effective. Some re-casting of 
th e  accepted curricula of teaching m ay be required 
to  provide m en o f th e  necessary b read th  o f  scientific 
appreciation. Mr. R . H . Dobson, following D r. 
McCance’s paper on th e  application o f research, 
referred to  th e  bearing o f  fundam ental research on 
th e  export trad e  o f B rita in , an d  to  th e  necessity  o f 
creating  a  liaison an d  a  free in terchange o f ideas and  
w ork between technical assistan ts and  th e  people on 
th e  shop floors.

Looting of Simeis Observatory
A  telegram  received a t  th e  R oyal Observatory, 

Greenwich, from  G. A. Shajn, m em ber o f the  Academy 
o f  Sciences o f  th e  U .S.S.R ., gives an  account o f the 
fa te  suffered a t  th e  hands o f th e  enem y by  the 
Simeis O bservatory in th e  Crimea. A  week or two 
before the  Germans occupied th e  southern  p a r t of 
th e  Crimea, th e  s ta ff  o f  th e  O bservatory was evacu­
ated , th e  workers tak ing  w ith  them  the  object glasses 
o f  th e  tw o astrographs an d  p a r t  o f  th e  laboratory 
equipm ent. In  May 1944, a f te r  the  Crimea had  been 
liberated  by  th e  R ed A rm y, th e  Academ y o f Sciences 
sent D r. Shajn to  inspect the  rem ains of th e  Observa­
to ry . H e established th e  following facts. During 
Septem ber an d  October 1943 German specialists dis­
m antled  a ll th e  O bservatory’s instrum ents and  moved 
them  in th ir ty  or more trucks to  Simferopol, whence 
th ey  were dispatched to  Germany. The equipm ent 
stolen was th e  40-in. reflecting telescope, the  double 
astrograph , a  new  astrograph  foi* zonal observations, 
a  photoheliograph, th ree  ste llar spectrographs, a 
large coelostat, a  long-screw m easuring m achine, a 
Repsold machine, a m icrophotom eter and two 
astronom ical clocks.

In  addition  to  th is , m uch o ther laboratory  equip­
m en t an d  th e  whole lib ra ry  collection o f m ore than  
nine thousand  negatives, and the  equipm ent of the 
pow er sta tion  an d  workshop were a ll taken  away. 
The wooden p a r ts  o f th ree  observatory domes were 
destroyed, an d  one o f them  was used as a  stable. 
The wooden building which housed the  spectro- 
helioscope was also destroyed, as were a num ber of 
o ther pavilions.. On Ja n u a ry  18, 1944, th e  m ain 
building o f th e  O bservatory, where a  R um anian 
a rm y  u n it was quartered , caught fire. I t  continued 
to  b u m  for tw o days, b u t th e  com m ander o f the  unit 
d id  n o t call ou t th e  fire brigade nor did he take any 
steps to  extinguish th e  flames. B ritish  m en of science 
will sym pathize w ith  R ussian  astronom ers in the 
looting an d  w anton destruction  o f th is  famous 
O bservatory.

Tropical Diseases Investigation in New York
A  b e c e n t  a rtic le  in  N ature  (May 9, 1944, p . 625) 

referred to  th e  p a r t played by  p arasitic  diseases in 
w ar an d  to  the  realization  b y  American physicians 
th a t  these diseases co n stitu te  a  grave danger to 
th e ir  troops overseas. Prof. H . W . S tunkard  (Ann. 
N ew  Y ork Acad. Sci., 44, A rt. 3, 189 ; 1943) has 
referred  to  th e  absence o f adequate instruc tion  in 
trop ical medicine or o f any  in stitu tion  devoted 
p rim arily  to  w ork on parasitic  diseases in  th e  U nited 
States. N u tta ll, B rum pt and  Fiilleborn, he states, 
th o u g h t th a t  New Y ork  should provide th e  financial 
support for such an  in s titu tio n , because i t  is the 
p rincipal sh ipping an d  com mercial centre in  the 
U n ited  S tates. In  tim e of war, Prof. S tunkard  points 
ou t, i t  is one of th e  chief po rts  o f em barkation  and 
d isem barkation , so th a t  there is acute need there 
fo r d iagnostic , the rapeu tic  and  research work. The 
Colum bia U niversity  D epartm ent of Public Inform a­
tio n  now announces th a t  plans are being form ulated 
w hich will, if  th ey  are carried  out, m ake New York 
C ity  a  world centre o f teach ing  and  research in 
trop ica l m edicine. D r. H . S. M ustard, d irector of 
th e  D eL am ar In s titu te  o f  P ublic H ealth , Columbia 
U niversity  School o f M edicine, s ta tes th a t  a  sub­
s ta n tia l beginning has been m ade, thanks to  a  tem ­
porary  g ran t from  th e  M acy Foundation . An add i­
tio n a l g ran t from  th e  Jo h n  an d  M ary H . Markle



No. 3904, A u g u s t  26, 1944 N A T U R E 267

F oundation  has been received for research on 
filar ias is. In struc tion  in  tropical m edicine for m edical 
students has been increased a t  th e  In s titu te , and  its  
laboratories are now available to  officers of th e  arm ed 
services and to  others who need to  go to  th e  tropics. 
In tensive courses for g raduates are also being p ro ­
vided and  i t  is expected th a t  very soon a  full y ea r’s 
course will be available. There is hope th a t  new 
buildings will be possible soon a fte r the  W ar.

D r. M ustard echoes Prof. S tunkard ’s words when 
he says th a t  “ . . . th e  very  business of w ar depends 
upon a successful com bating of trop ical diseases” . 
N o t only is the  hea lth  of th e  fighting forces concerned, 
b u t also th a t  o f local populations in  th e  trop ics who 
are required for g e ttin g  raw  m aterials, building a ir ­
fields an d  general labour. Alliances, trea tie s  and  
national and  trade  in terests are m ore th a n  ever tak ing  
U nited  S tates Governm ent officials, business m en and 
others to  the  tropics b y  sh ip  an d  aeroplane, and 
these men, ships an d  aeroplanes m ay  bring  back 
tropical diseases and  th e ir  vectors. “The universities 
o f the  U nited  S tates cannot rem ain  aloof from  the 
realities of th is  s itu a tio n ,” says D r. M ustard. Only a 
few U nited  S tates universities, he sta tes, will be able 
to  offer courses in  trop ical m edicine, th e  num ber 
being lim ited  by  th e ir  position  and  resources. A 
university  giving such courses should be in  a  g reat 
c ity  which is a g reat centre o f rail, sea and  a ir  tran s it, 
especially tra n s it to  and  from  th e  tropics ; an d  it  
should be a  recognized cultural, educational and 
m edical centre and have in te rnational prestige and 
an  outstanding school of m edicine. Columbia U niver­
s ity  in  New Y ork City, w ith  its unique rela tion  w ith 
the  School o f Tropical M edicine a t  P uerto  Rico and 
w ith th e  College of Physicians and  Surgeons, would 
certain ly  seem, as D r. M ustard  suggests, to  be well 
fitted to  undertake th is  v ita lly  im portan t work.

Solar Research in Belgium during 1942
A n o te  on th is  subject by  Swings (Astrophys. J . ,  

99, 118 ; 1944) repo rts  th a t  th e  U niversity  o f Liege 
still continues its  program m e o f astronom ical in fra­
red spectroscopy, and  th a t  in  Ju n e  1942 a new self- 
recording high-dispersion spectrograph was installed  
in the  constan t-tem perature basem ent o f the  solar 
tower. This instrum ent utilizes four plane echelette 
gratings w ith  15,000, 3,600, 2,400 and  1,200 lines 
per inch respectively, th e  whole spectrum  from  1 fx 
to  20 (x being covered w ith  a  resolving power which 
will separate lines 1 cm.-1 ap a rt. A  prelim inary  paper 
by  M igeotte gives a  general account o f th e  resu lts 
obtained from  recordings o f the  solar spectrum  in the  
region near 1 -5 fx. H ere absorption  lines only 1-5 A. 
a p a rt can be separated, and  the  d istinction  between 
solar and  telluric lines is rela tively  simple. A  study  
of the  w ater-vapour spectrum  in th is  region is nearing 
completion, and  the  new in strum en t is now in con­
tinuous operation.

Research in the Caribbean
P ros’. J .  L. Sim onsen , d irector o f research o f the 

Colonial P roducts Research Council, Sir R obert 
Robinson, W aynflete professor o f chem istry  in  the  
U niversity  o f Oxford, an d  a m em ber o f th e  Council, 
are now on a v isit to  th e  C aribbean area, w here they  
are discussing fundam ental problem s of research on 
new uses for Colonial raw  m ateria ls, w ith  specific 
reference to  th e  co-ordination o f th e  w ork o f th e  
Colonial P roducts Research Council w ith  th a t  o f the 
Caribbean Research Council.

Biography of the late Lord Cadman, F.R.S.
M r. I vor E vans has been en tru sted  w ith  the  

w riting  o f  th e  b iography o f th e  la te  Lord  Cadman. 
Readers o f N ature  possessing le tters, etc., likely to  
be o f in terest are asked to  forw ard them  to  Mr. 
E vans, c/o Mr. Jam es Cadm an, W alton H all, Eccles- 
hall, Staffs.

Night Sky in September
F ull  moon occurs on Sept. 2d. 20h. 21m. tj.t . and  

new  m oon on Sept. 17d. 12h. 37m. The following 
conjunctions w ith  th e  moon ta k e  place : Sept. l id .  
06h., S atu rn  0-7° N . ; Sept. 16d. 01h., M ercury 
5° S. ; Sept. 16d. 08h., Ju p ite r  3° S. ; Sept. 19d. 
00h., Mars 5° S. ; Sept. 19d. l lh . ,  Venus 5° S. In  
addition  to  th e  above, th e  following p lan e ta ry  con­
junctions also ta k e  place : Sept. lOd. 02h., Venus in  
conjunction w ith  M ars, Venus 0-5° N. ; Sept. 23d. 
16h., M ercury in  conjunction w ith  Ju p ite r, M ercury 
0-1° N. M ercury is in  inferior conjunction on Sept. 6, 
s ta tio n a ry  on Sept. 15, and  a tta in s  its  g reatest 
w estern elongation on Sept. 22. The tim es of rising 
o f th e  p lane t a t  th e  beginning, m iddle and  end of the  
m onth  are 6h. 31m., 4h. 15m., an d  4h. 32m. respec­
tively . Venus sets a t  19h. 29m., 18h. 48m., and 
18h. 23m. a t  th e  beginning, m iddle and  end o f th e  
m onth , and  is no t very  well p laced for observation. 
Mars an d  Ju p ite r  a re  too near th e  sun for favourable 
observation. S atu rn  can be seen la te  a t  n igh t or in 
th e  early  m orning hours ; a t  th e  end o f Septem ber 
the  p lane t rises a t  22h. The au tum n  equinox com ­
mences on Sept. 23d. 04h.

Announcements
M r. C. T. Gimingham  has been prom oted to  th e  

post o f d irector o f th e  P lan t Pathology L aboratory  
o f  th e  M inistry of A griculture an d  Fisheries a t  
H arpenden, to  succeed Mr. J .  C. F . F ryer, who has 
been appoin ted  secretary  to  th e  A gricu ltu ra l Research 
Council.

T h e  Council o f th e  In s titu tio n  of E lectrical E n ­
gineers has  decided to  continue for th e  presen t 
session th e  schem e for th e  adm ission of non-mem bers 
o f  th e  In s titu tio n  to  any  technical m eeting o f th e  
In stitu tio n . Anyone who considers th a t  h is technical 
experience an d  educational a tta in m en ts  do no t suffice 
to  ad m it h im  to  an y  form  o f In s titu tio n  m em ber­
ship, b u t who nevertheless wishes to  a tte n d  meetings 
o f th e  In stitu tio n , can ob ta in  from  the  secretary  an 
applica tion  form , on th e  com pletion of which an d  on 
paym ent o f a  fee o f 10s. to  cover adm in istra tive  
costs, he will receive notices o f m eetings and  an  
inv ita tion  card w hich will serve as a  t it le  o f adm ission.

D r . G. L apage w rites : “M ay I  correct an  error 
in  m y  ab s tra c t, entitled  ‘A  F latw orm  P arasite  o f 
F reshw ater T ro u t’, o f th e  paper by  J .  B. D uguid and
E . M. Sheppard, p rin ted  in Nature o f Aug. 5 (p. 185). 
M y ab s tra c t im plied th a t  D uguid an d  Sheppard 
concluded from  m ateria l sent to  them  by  D r. 
P eterson, o f Yell, th a t  Diphyllobothrium latum  is 
endemic in  freshw ater tro u t in  th e  Shetlands. W hat 
these au th o rs  ac tu a lly  say  is th a t  ‘from  m aterial 
k ind ly  sent to  us by  D r. Peterson of Yell, we g a ther 
th a t  a  species o f D iphyllobothrium  is endemic am ong 
freshw ater tro u t in  certain  o f the  Shetland Islands’. 
This is, o f course, very  different from  th e  s ta tem en t 
w hich I  a ttr ib u te d  to  them  an d  would refer, p re ­
sum ably, to  th e  la rva l stages” .
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LETTERS TO THE EDITORS
The Editors do not hold themselves responsible
fo r  opinions expressed by their correspondents.
N o  notice is  taken o f anonymous communications.

Penicillin-like Antibiotics from Various 
Species of Moulds

S i n c e  th e  dem onstration  o f the  biological and  
chem ical properties of penicillin, an  antib io tic p ro ­
duced by Penioillium  notatum l.2.3.4.5, certain  other 
species of m oulds have been shown to  produce sim ilar 
substances— Aspergillus flavus•.‘M.*, A . gigantevs 
W ehm 10, an d  A . parasiticus11.

In  the  course of an  investigation o f m oulds th a t  
have been shown by  W ilkins and  H arris12'13-14 to  
produce antib io tics, We have found th a t  in  addition  
to  th e  above-m entioned species penicillin-like sub ­
stances are produced by  th e  following :

National collection of 
type cultures No.

P. fluorescent . .  . .  . .  6621
P. rubens Biourge . .  . .  . .  6643
P. aveUaneum Thom and Turesson 3751
P. baculatum Westl.............................. ...................3956
P. turbatum Westl. . .  . .  . .  6523

O f these, P . baculatum  and  P . rubens are m orpho­
logically sim ilar to , and  therefore possibly re la ted  to , 
th e  chrysogenum-notatum  group, b u t th e  o thers are  
qu ite  w idely separated  m orphologically from  th a t  
group  an d  from  each o ther (personal com m unication 
from  D r. W . H . W ilkins).

The an tibac te ria l ac tiv ity  developed in  a varie ty  
o f  m edia, including in  each instance modified Czapek 
D ox2, w ith  an d  w ithout com  steep liquor.

The penicillin-like natu re  of the  an tib io tic was 
established by  the  following biological and  chemical 
properties : active against S t. aureus, n o t against
B . coli ; ex tracted  into organic solvents a t  pT l 2 and  
re-ex tracted  w ith  w ater a t  p H  7 ; inactivated  by  
acid  and  a lk a li; p artia lly  inactivated  b y  heating  
a t  100° C. a t  p H  7 for 15 m in u te s ; com pletely 
inactivated  by  peni .illinase and  b y  copper io n s ; 
all except th e  product o f P . turbatum, which was no t 
tested , were inactivated  by  m ethyl alcohol. (Some 
o f th e  inactivation  tests  on th e  product o f P . bacu­
latum  were carried out b y  D r. E . Chain. W e are 
indebted to  D r. E . S. D uthie for p reparations of 
penicillinase.)

Thus it  is becoming apparen t th a t  m any  species 
o f m oulds produce panicillin-like substances.

H . W . F l o b e y .
N . G. H e a t l e y .
M. A. J e n n i n g s .
T. I . W il l ia m s .

Sir W illiam  D unn School of Pathology,
U niversity of Oxford.
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Organic Accelerators for Enzyme Systems
I n  order to  determ ine the ' p a r t played by  yeast 

ex tracts  in  th e  stim ulation  o f th e  respiration  of 
various cells1, a  s tudy  was m ade on the  possible 
antagonism  between th is resp ira to ry  stim ulan t and 
several well-known resp ira to ry  depressants. The 
poisons, potassium  cyanide, sodium  azide, am yl 
alcohol an d  urethane, react reversibly or irreversibly 
w ith  p articu la r enzyme system s o f the  respiratory 
chain. Potassium  cyanide and  sodium azide depress 
th e  ac tiv ity  of th e  iron oxidation catalysts, while 
am yl alcohol and urethane react w ith  the  dehydro- 
genating system .

Time (min.)
Fig. 1. E f f e c t s  o f  y e a st  e x t r a c t  an d  so d iu m  a z id e

ON RAT LIVER RESPIRATION 
Curve I ,  control. Curve I I ,  yeast extract initially present 
and sodium azide added a t  60 min. Curve I I I ,  sod ium  
azide initially present and yeast extract added a t (50 min.

•In Pig. 1 is shown the  antagonism  between yeast 
ex trac t (6 m gm ./m l.) and  M/1,050 sodium  azide on 
r a t  liver respiration. The oxygen up take was deter­
m ined in  R inger-phosphate glucose solution a t  a  tem ­
pera tu re  o f  37 -5° C.1. In  one se t o f experim ents, 
1 m l. o f yeast ex trac t (18 m gm ./m l.) dissolved in 
R inger-phosphate glucose was placed in  the  flask a t 
th e  beginning o f the  experim ent. A ddition afte r 
60 m inutes o f 1 m l. o f M j350 sodium  azide in Ringer- 
phosphate glucose offset th e  stim ulation  caused by 
th e  ex tra c t an d  brought th e  ra te  o f  oxygen up take 
back to  th a t  o f th e  control. In  th e  o ther se t of 
experim ents, th e  depression of respiration  due to 
sodium  azide was offset com pletely when 1 m l. of 
yeast ex tra c t was added  from  the  side arm . Q ualita­
tive ly  sim ilar resu lts were obtained w ith  potassium  
cyanide. No antagonism  could be found between 
th e  yeast ex trac t an d  poisons such as am yl alcohol 
an d  urethane. W e suggest, therefore, th a t  the  yeast 
ex tra c t stim ulation  occurs a t  the  same p a r t of the 
chain  blocked b y  cyanide an d  azide, nam ely, cyto­
chrom e oxidase. Y east an d  r a t  skin have behaved 
in  a m anner qualita tively  sim ilar to  liver.

Since cytochrom e oxidase is known to  be an  iron 
porphyrin  enzyme containing a haemin-like prosthetic 
group, i t  was though t desirable to  s tu d y  more closely 
th e  ac tiv ity  o f th e  yeast ex tracts  on sim pler systems 
containing such iron enzymes as horse radish root
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peroxidase and  liver catalase. In  th e  accom panying 
tab le  is given the  resu lts of th e  sodium  azide—yeast 
ex trac t antagonism  on the  oxidation o f pyrogellol 
by  peroxidase.
A n ta g o n i s t i c  e p f e c t s  o r  so d iu m  a z id e  a n d  y e a s t  e x t r a c t  on

PEROXIDASE ACTIVITY.
Total purpurogallin 

Flask produced (mgm.) P.N.
I. Control ......................................  16'0

16-2 0-21
Control, yeast extract (1 '5 gm.) .. 20-5 0 '27
Control, 1 ml. sodium azide

(0 -50 M ) ..........................  10-2 0-13
Control, yeast extract, sodium

azide ......................................  11-5 0-19

II.
III.

IV.

The m ethod used in determ ining peroxidase ac tiv ity  
was th a t of W ills ta tte r modified by B ancroft and  
E llio tt2. The yeast ex tract p artia lly  offset the  
sodium azide depression and  accelerated th e  pur- 
purogallin production approxim ately 26 per cent 
above control. The ex trac t was m uch more effective 
against potassium  cyanide. The depression caused 
by lower concentrations of both  poisons could be 
offset com pletely by th e  ex tract. The ex tract 
exerted a  slight b u t definite peroxidase action in  the 
absence o f added enzyme.

organic accelerators for iron porphyrin  enzymes. I t  
is suggested th a t  th e  ex trac t contains organic iron, 
compounds th e  m olecular size o f which lies some­
where between iron su lphate and  hEemin, and  which 
can function as additional p rosthetic  groups for the  
pro tein  of th e  enzyme (apoenzyme). This possib ility  
is being investigated.

Cornelius W. K r e k e .
S is te r  M. D o m iti l la  B a r t l e t t ,  R .S .M . 
S is te r  M. S t. A g a th a  S u te r ,  I .H .M .  

In s titu tu m  D ivi Thomse,
Cincinnati, Ohio.

M ay 21.
1 Cook, E. S., Kreke, C. W., and Nutini, 1 . G., Studies Inst. Dim 

Thomae, 2, 23 (1938).
* Bancroft, G., and Elliott, K. A. C., Biochem. J ., 28, 1911 (1943).
3 Von Euler, H ., and Josephson, K ., Liebigs Ann., 452, 158 (1927).

Time (min.)
Fig. 2. E ffec ts  o f  y ea st  e x t r a c t  a n d  po ta ssiu m
CYANIDE ON DECOMPOSITION OF HYDROGEN PEROXIDE BY 

CATALASE.
Curve I, control. Curve II, control 4- yeast extract.
Curve III , control +  potassium cyanide. Curve IV, 

control +  potassium cyanide +  yeast extract.

In  Fig. 2 is shown th e  stim ulation  o f hydrogen 
peroxide decomposition by  catalase in  th e  presence 
of the  extract, and also th e  ab ility  o f th e  ex tract to 
antagonize the  potassium  cyanide depression. The 
m ethod employed for th e  calculation o f catalase 
ac tiv ity  was th a t  of E u ler and  Josephson3. Concentra­
tions of yeast ex trac t and  potassium  cyanide were
I mgm./ml. and  2-5 x 1CT3 M ., respectively. The 
yeast ex tract did n o t decompose hydrogen peroxide 
in the  absence o f catalase.

The experim ents on peroxidase and  catalase in ­
dicate th a t th e  yeast ex trac t d id  n o t function as 
substra te for the  enzymes. I t  did n o t possess catalase 
ac tiv ity  in itself and  showed b u t a  very  slight per­
oxidase activ ity . Significantly increased activities 
were observed only in  th e  presence o f th e  enzymes. 
The yeast ex tract m ay be considered to  contain

Effect of Caramelized Fructose on the 
Stability of /-Ascorbic Acid

T h e  investigation o f th e  effect of caramelized 
fructose on th e  stab ility  of Z-ascorbic acid w as 
suggested by  th e  dem onstration th a t  caram elization 
of lemonade powders a t  high storage tem peratures 
was due to  fructose which was form ed from  sucrose 
by  hydrolysis, m ade possible by the  liberation o f  
Water o f crystallization o f citric acid1; and  also by 
th e  fact th a t  a  darkening o f colour and  a  loss o f  
ascorbic acid are  associated changes in orange juice 
concentrate, a lthough th e  relationship between th e  
tw o processes is by  no means clear.

T h a t th is  m a tte r  m ay be im portan t in  rela tion  
to  th e  deterioration o f foodstuffs in w arm  clim ates 
is indicated b y  th e  fact th a t, a t  98° F . (36-7° C.) 
and  higher tem peratures, pure fructose (both solid 
and  aqueous solution) caramelizes spontaneously. 
As circumstances will n o t allow o f th e  com pletion 
o f th is  work for some tim e, it  was deemed of suffi­
cient in terest and  possible im portance to  m erit a  
short statem ent.

A sample o f B .D .H . fructose which had  caramelized 
on keeping was used for th e  tests  carried ou t under 
aerobic conditions reported  below. A  1 per cent 
aqueous solution gave a galvanom eter reading o f 81 
w ith an  Evelyn photo-electric colorimeter. Tests— 
chiefly under anaerobic conditions—were also carried 
out w ith samples o f K ahlbaum  and  o f Baird and  
Tatlock fructose which had  likewise caramelized on 
keeping. 1 per cent solutions gave galvanom eter 
readings of 75 and  23 respectively. Pure fructose 
was prepared by  recrystallizing from  an alcoholic 
solution which had  been trea ted  w ith  Merck pulver­
ized anim al charcoal u n til a ll traces o f colour had  
been removed.

Ascorbic acid was estim ated by titra tin g  w ith
2 : 6-dichlorophenolindophenol, w hich was n o t re ­
duced by  the  samples o f caramelized fructose used. 
This is in contrast to  th e  products o f caram elization 
brought abou t by  th e  action o f a lkali2.

Glassware and  m aterials were sterilized except for 
ascorbic acid and  fructose. This was necessary owing 
to  th e  liab ility  to  bacterial and  fungal infection, 
especially in th e  solutions containing pure fructose 
and  ascorbic acid.

10 per cent solutions o f pure and  o f caramelized 
fructose were m ade up  to  contain 50 mgm. ascorbic 
acid per 100 c.c. solution. A bout 24 c.c. solution 
was p u t in to  50 c.c. stoppered containers. Thus th e ' 
available oxygen was m uch in excess o f the  am ount
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needed to  oxidize th e  13 mgm . ascorbic acid  present, 
since com plete oxidation would need less them 1 c.c. 
o f  oxygen. Also th e  containers were opened u p  a t  
in te rvals  for titra tio n .

In  m ost o f th e  te s ts  th e  solutions were sto red  a t  
50° F . (10° C.). The ra te  o f loss o f ascorbic acid  
was found to  be too rap id  for convenience a t  85° F . 
(29-4° 0.).

The accom panying tab le  sum m arizes th e  resu lts  o f 
a  num ber o f experim ents. I t  is clear th a t  th e re  is 
a  g rea ter loss o f  ascorbic acid  in  solutions o f  caram el­
ized fructose th a n  in  solutions o f  pu re  fructose. The 
co n trast is em phasized b y  th e  d irec t com parisons 
for th e  second, te n th  and  seventeenth day  intervals.
P e r  c e n t  loss o f  a scorbic  a c id  u n d e r  a e r o b ic  c o n d it io n s  a t

50° F. (10° C.).

Days Pure fructose Caramelized fructose
2 3-1 32-9
5 — . 46-0
7 12-3 —
8 — 68-5

10 18-65 75-2
14 20-3 — ,
17 31 0 100-0

T he question n a tu ra lly  arises as to  w hether caram el­
ized fructose has a  destruc tive effect on ascorbic acid 
u nder anaerobic conditions. Tests, using various 
techniques, Were carried  o u t With th e  th ree  sam ples 
o f  caram elized fructose m entioned above. The resu lts 
so fa r  ob ta ined  are n o t sufficiently precise to  m erit 
detailed  s ta te m e n t; taken  by  and  large, however, 
th e re  can be lit tle  doub t o f a  destruc tive effect, b u t 
i t  is also clear th a t  th e  ra te  o f destruction  is very 
m uch slower. The destruc tive effect under anaerobic 
conditions is also indicated  b y  th e  decided differences 
in  ra te  of loss o f ascorbic acid  b rough t ab o u t b y  th e  
different sam ples o f caram elized fructose under 
anaerobic conditions.

W m . E d w y n  I s a a c . 
Low Tem perature R esearch L aborato ry ,

Cape Town. M ay 16.
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Production and Release of Nicotinamide 
by the Intestinal Flora in Man

An  investigation  in to  th e  daily  elim ination o f 
n icotinam ide m ethochloride in  h ea lth y  hum an beings1 
revealed a  considerable discrepancy between th is  
elim ination  and  th e  daily  in take of nicotinam ide on 
cu rren t d iets, as calculated  from  assays b y  W illiams* 
in  the  U nited  S tates an d  K odicek3 in  G reat B rita in . 
N a jja r  an d  H o lt4 have shown th a t  aneurin  can be 
produced by  th e  in testinal flora, which is th u s  cap ­
ab le o f  influencing th e  aneurin  household o f th e  body 
in  a decisive m anner. These findings suggested a 
sim ilar m echanism  for th e  production o f th a t  p a r t  o f 
th e  nicotinam ide w hich cannot be accounted for from  
th e  daily  food intake.

This possib ility  Was exam ined in  a  prelim inary 
experim ent by  ‘steriliz ing’ th e  a lim en tary  tra c t  o f 
tw o persons With sulphaguanidine. The elim ination 
o f  nicotinam ide m ethochloride w as estim ated  before, 
during  an d  a f te r  th e  dosing period. A  considerable 
drop  in  th e  nicotinam ide m ethochloride elim ination 
occurred during th e  dosage. W e th e n  proceeded to  
investigate th is  effect on a  larger scale w ith  eight

volunteers. F ive persons (three hea lthy  and  two 
chronic pellagrins) were given succinyl-sulphathiazole, 
w hile th ree  persons (two h ea lth y  an d  one chronic 
pellagrin) received sulphathiazole to  serve as a  con­
tro l. D ie t an d  environm ental conditions were uniform 
th roughou t th e  whole experim ental period. The daily 
nicotinam ide m ethochloride o u tp u t was estim ated 
before, during an d  a f te r  th e  trea tm en t, blood and 
u rin a ry  levels o f  su lphathiazole were determ ined and 
te s t doses o f n icotinam ide were given twice to  each 
subject, a t  th e  end o f  th e  dosing period and  a  week 
la te r, once orally  an d  once parenterally .

The following po in ts emerge from  these experi­
m ents :

(а) There was a  sharp  drop o f nicotinam ide m etho­
chloride elim ination during dosage w ith  succinyl- 
su lphathiazole from  th e  first day  o f  dosing onwards, 
while th e  control group on sulphathiazole showed no 
significant change. The ex ten t o f  th e  decrease in  the 
nicotinam ide m ethochloride ou tpu t varied in­
d iv idually  between 50 an d  100 per cent, probably  
w ith  th e  degree o f sterilization  o f the  intestines. The 
reduction  in  m ethochloride o u tp u t was g rea ter With 
succinylsulphathiazole th a n  w ith sulphaguanidine and 
am ounted  on th e  average to  70 per cent in  th e  healthy  
an d  95 per cent in  th e  pellagrous subjects.

(б) Sulphathiazole levels in  blood an d  urines were 
considerably higher in  the  control group. The possi­
b ility  o f a  d irec t interference o f sulphathiazole w ith 
th e  nicotinam ide m etabolism  is therefore excluded.

(,c) N icotinam ide given a t  th e  end o f th e  dosing 
period produced th e  usual rise in m ethochloride 
elim ination  in  th e  h ea lth y  subjects, which proved 
th a t  th e  form ation  o f nicotinam ide m ethochloride is 
n o t im paired  b y  th e  drugs adm inistered.

(d )  T he responses to  nicotinam ide adm inistra tion  
varied  according to  th e  mode o f adm in istra tion  ; five 
subjects, including all th ree pellagrins, showing lower 
responses to  th e  oral dose th a n  to  subcutaneous in­
jection. The considerably lower response to  oral 
dosage in  a ll th ree  pellagrins points to  an  absorption 
defect, a fac to r which has long been regarded as one 
o f th e  causes o f pellag ra6.

The m ost obvious in terp re ta tion  of the  m arked 
reduction  in  nicotinam ide m ethochloride ou tpu t d u r­
ing adm inistra tion  of sulphaguanidine and succinyl- 
sulphathiazole is to  assum e th a t  norm ally a  synthesis 
an d  release o f th e  v itam in  by the  in testinal flora 
takes  place, an d  th a t  th is  m echanism  is im paired by 
the  bacteriostatic  action  o f the  drugs. I t  is im prob­
ab le th a t  th e  drop in  nicotinam ide m ethochloride 
elim ination could have been due to  greater u tiliza­
tio n  o f nicotinam ide, since m ore sulphathiazole was 
circulating  in the  subjects receiving sulphathiazole, 
who showed no decrease in  m ethochloride ou tpu t, 
th a n  in  those receiving succinyl-sulphathiazole.

The gap between th e  d ie ta ry  in take o f nicotinam ide 
and  th e  elim ination o f nicotinam ide m ethochloride 
referred  to  above appears, therefore, to  be filled by 
th e  n icotinam ide produced and  released by  the  in ­
te stin a l flora. F urtherm ore , i t  seems from  present 
an d  previous w ork1 th a t  the  q u an tity  th u s provided 
for hum an  u tiliza tion  can am ount to  as m uch as 
80 p er cent o f th e  daily  up take.

This new  fac to r is capable o f explaining a  num ber 
o f previously reported  inconsistencies in  th e  etiology 
an d  th e ra p y  o f nicotinam ide deficiency diseases, 
particu la rly  o f pellagra. Roussel* and  la te r Gold- 
berger7 an d  m any  o thers have insisted on th e  pellagra- 
preventive action  o f  m ilk and  m ilk  products, which 
are  notoriously poor in  nicotinic acid*. Conversely,
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maize, which is th e  stap le food o f m any d istric ts  
where pellagra is endemic, is n o t m ore deficient in 
nicotinic acid th a n  w h ea t8. These paradoxes could 
easily be explained by  assum ing a p rim ary  effect o f 
these foods on th e  in testina l flora. T hus, tak ing  the  
case o f m ilk, th e  following m echanism s m ay be 
involved.

(1) M ilk protein  provides th e  necessary building - 
stones for the  bac teria l synthesis o f nicotinam ide. 
This would appear possible in  view o f the  Work o f 
B ovam ick9, who dem onstrated  th a t  m ixtures o f 
certain  am ino-acids an d  organic am ides, w hich are 
present in significant am ounts in  m ilk protein, 
yield nicotinam ide when heated.

(2) Milk as such provides a favourable nu tritiona l 
m edium  for some types o f in testinal bacteria , w ith  a 
consequent increase in th e ir  general ac tiv ity , in ­
cluding v itam in  synthesis.

(3) Milk, by  influencing certa in  physico-chem ical 
factors, such as pH., favours the  developm ent o f some 
p articu la r strains o f th e  in testinal flora responsible 
for th e  production o f nicotinam ide.

Maize, on the  o ther hand, m igh t produce the  
opposite effect on the  in testinal micro-organisms.

Regarding nicotinam ide deficiencies o ther th a n  
classical pellagra, particu la rly  the  acu te confusional 
s ta tes described by  Cleckley, Sydenstricker and 
Geeslin10 in America and  G ottlieb11 in  G reat B ritain , 
th e  suggestion by one o f us (R. B .12) th a t  confusional 
com plications following sulphaguanidine th e rap y  
m ight have been due to  a tem porary  aneurin de­
ficiency should now be im plem ented by  postu lating  
an  even more likely  occurrence o f an  acu te  n ico tin ­
am ide deficiency.

The lite ra tu re  contains num erous references to  
rashes following sulphaguanidine and  succinyl- 
sulphathiazole therapy . W hile m ost o f them  have 
undoubtedly  an  allergic basis, a num ber have been 
p u t down to o ther causes and  have even been likened 
to  pellagrous derm atitis13.

On th e  basis o f our findings we would also 
like to  endorse N ajja r and  H o lt’s4 suggestion th a t  
th e  use of sterilizing sulphonam ide drugs requires 
careful a tten tio n  to  th e  v itam in  B s ta tu s  o f th e  
patien t.

A detailed repo rt o f these experim ents will be 
published elsewhere.

W e are indebted  to  D r. W. A. Caldwell for p e r­
mission to  carry  out th e  larger experim ent a t  W est 
P ark  H ospital, Epsom , and  D r. S. W. H ardw ick for 
the clinical care o f the  subjects under investigation.

P. E llin g eb .
The L ister In s titu te , R . A. Coulson.

London, S .W .l.
R . B e n esc h . 

(Maudsley H ospital Research Fellow.) 
L.C.C. Central Pathological L aboratory ,

Epsom . Ju n e  30.
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Production of a Soluble Pectinase in a 
Simple Medium by certain Plant- 
Pathogenic Bacteria belonging to 

the Genus Pseudomonas
I t  has generally  been assum ed th a t  p lan t-p a th o ­

genic bac te ria  are able to  decompose pec tin1. Thaysen 
an d  B unker2, however, lim it them selves to  the  follow­
ing s ta tem en t : “ to  th e  aerobic pectin  decomposers 
belong some o f th e  m any plańt-pathogenic bacteria  
. . .  In  m ost o f th e ir  biochemical reactions they  
resem ble th e  Pseudomonas fluorescens group or those 
Bacterium coli form s which are regularly  found in 
grass and  h a y ” . A lthough m any  p la n t pathogens 
do in  fac t belong to  th e  genus Pseudom onas3, in ­
cluding organism s responsible for soft r o t4 as well as 
necrotic lesions, y e t no detailed  s tudy  of th e  pectin- 
degrading powers o f these green-fluorescent bacteria 
seems to  have been m ade, nor has i t  been shown 
th a t  th ey  resem ble the  soft-ro t organism s of th e  
B acterium  group (for exam ple, B . carotovorum) in 
producing an  exo-cellular pectinase5.'.

Pseudom onads have th e  sim plest o f g row th requ ire­
m ents, and  th e  pectin-am m onium  sa lt m edium  de­
vised by  Coles’, With one slight modification, is quite 
su itab le  for th e  dem onstration  o f th e ir  pectin- 
degrading powers. The modification, following 
W aksm an an d  A llen8, lies in  the  substitu tion  o f pectic 
acid for pectin , p a r tly  for th e  reason th a t  i t  is more 
easily  recognized th rough  its  characteristic, gelatinous 
an d  insoluble calcium  sa lt, and  p a r tly  because only 
one enzyme, pectinase, instead o f two, is concerned 
in  its  im m ediate breakdown. W aksm an and  Allen 
used a com mercial polygalacturonic acid preparation  
as substra te . This m ateria l is n o t available here, b u t 
a  su itab le p ec ta te  m edium  can easily be prepared 
from  B .D .H . c itrus pectin  in  the  following w ay : 
a  0-4 p e r cent solution of pectin  in  decinorm al sodium 
hydroxide is le ft overnight a t  20° in  order th a t  the  
m ethy l ester groups m ay be hydrolysed9. Sodium 
am m onium  hydrogen phosphate (0-05 p er cent) is 
th en  added an d  th e  m edium  brought to  p H  7 -010 
by  the  careful add ition  of 2N  hydrochloric acid. 
F inally , a f te r  add ition  of potassium  chloride (0-02 per 
cent), m agnesium  su lphate (0-02 per cent) and  a 
trace  o f  ferrous su lphate the  m edium  is tubed  and 
sterilized b y  steam ing.

All th e  pseudom onads tested  grew  readily  in  th is  
m edium  a t  24°, even from  a  sm all inoculum, and  
could be m aintained in serial cu ltivation  in it  w ith ­
ou t production of e ither acid or gas, the  p H  rem ain­
ing between 6-5 and  8. B u t good grow th did n o t 
necessarily m ean extensive degradation o f soluble 
pecta te , for out o f th irty -five strains so tested , m ost 
o f which were reputed ly  pathogenic and  also fluor­
escent, only six ac tua lly  degraded the  pectic acid in 
a reasonable tim e. A fter th ree weeks incubation 
following a heavy  inoculation, the  m etabolism  solu­
tions from  these strains, a f te r  rem oval o f bacteria 
by  centrifuging, gave no appreciable precip ita te  With 
acetic acid an d  calcium  acetate , whereas the  m e ta ­
bolism  solutions from  th e  o ther strains s till gave a 
copious gelatinous p rec ip ita te  o f calcium  pecta te . 
The six ac tive  stra in s were d istribu ted  as follows : 
Ps. mors-prunorum  W orm ald11 (one ou t o f eigh t 
s tra in s ) ; Ps. syringaz derived from  pear (two ou t o f  
eight) ; Ps. marginalis1, Ps. cerasi an d  Ps. tabaci (one 
ou t o f one in  each instance). In  addition  to  these 
six active and  th irteen  inactive strains the  following
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were also inactive : P s. prunicola  (two s tr a in s ) ; Ps. 
syringes derived from  sources o ther th a n  pear ( th re e ) ; 
P s. phaseolicola (o ne); B . tumefaciens (two) ; X .p r u n i  
(o n e); o rd inary  saprophytic stra in s  o f  P s. fluorescens 
(seven).

O f th e  six ac tive strains, th ree  were ou tstanding , 
nam ely, P s. marginalis, Ps. cerasi an d  one P s. syringce 
s tra in  derived from  pear, b u t P s. marginalis, th e  only 
so ft-ro t organism  tested , w as th e  only s tra in  which 
w ould grow from  a  sm all inoculum  an d  sim ultaneously 
com pletely degrade a ll th e  p ec ta te  in  th e  m edium . 
Several stra in s  o f P s. mors-prunorum, unlike the  
saprophytic strains, did, however, produce a n  app re­
ciable degradation  o f p ec ta te  in  th ir ty  days when 
growing from  a  sm all inoculum . I t  would seem, 
therefore, th a t  th e  soft-ro t organism  is m ore efficient 
in  th e  degradation  o f p ec ta te  th a n  even th e  m ore 
ac tive  o f th e  stra ins responsible fo r necrotic lesions, 
w hich in  tu rn  a re  m ore ac tive  th a n  an y  o f  th e  sap ro ­
p h y tic  stra in s  here studied , a ll th is  being qu ite  in  
accordance w ith  legitim ate expectation.

E ach  o f th e  th ree  ac tive stra in s m entioned above 
produced a n  exo-cellular pectinase w hich could be 
p rec ip ita ted  b y  alcohol when a ll th e  p ec ta te  h ad  been 
decomposed an d  th e  b ac teria  th en  rem oved by  cen tri­
fuging. The sim ple m edium  here used, which con­
ta in s  no organic source o f  n itrogen, h as  obvious 
advantages over th e  com plex m edia previously used 
in  a ttem p ts  to  isolate soluble bac teria l pectinase '.12.18. 
I t  is o f in te rest th a t  th e  Pseudom onas pectinase 
is ac tive  a t  p H  7-8, whereas m ould pectinase 
ac ts  best under m uch m ore acid  conditions8.14. 
A  fu rth e r  s tu d y  o f th e  bac teria l enzym e is being 
m ade.

I  wish to  th a n k  Mrs. D. H . Oxford, a special 
research officer o f th e  A gricu ltu ra l Research Council, 
la te ly  affiliated to  th e  E a s t M ailing Research S tation, 
fo r m ost o f th e  cu ltu res used in  th e  above study . 
Some were iso lated  b y  h e r  an d  o thers b y  D rs. H . 
W orm ald and  H . B. S. M ontgom ery o f  th e  S tation , 
to  whom  I  also offer m y  thanks. The cultures of 
Ps. marginalis, P s. cerasi, P s. tabaci an d  P s. phaseoli­
cola w ere received from  D r. W . J .  Dowson th rough  
D r. M ontgom ery. I t  should be added th a t  th e  
generic nam es B acterium , Pseudom onas and  X antho- 
m onas a re  used in  th is  com m unication in  th e  sense 
advocated  by  Dowson in  1939 8.
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London School o f Hygiene 
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Reaction of Formaldehyde with Keratin
A n earlier com m unication1' described th e  reaction 

o f k e ra tin  fibres w ith  boiling solutions o f form aldehyde 
P 'S . 2-10. F o r reasons connected w ith  o ther work, 
buffer solutions one te n th  th e  concentration described 
b y  B ritto n 2 were used, and  since adequate buffering 
action  could n o t be obtained a t  p H  1 under these 
conditions, no results were published for highly acid 
solutions o f  form aldehyde. The action  upon kera tin  
fibres o f  form aldehyde buffered to  p H  1 -0,5-0 and  10 -5 
w ith  full s tren g th  buffers is now described.

(1) Normal Keratin. Purified hum an h a ir  fibres 
from  th e  sam ple used in  earlier experim ents were 
boiled under reflux for 1 hou r in  solutions o f 2 per 
cent form aldehyde p H  1-0, 5-0, 10-5. P u ll strength  
W alpole (pH  1 -0,5 '0) and  R inger (pH  10-5) buffers were 
u sed 2, excess reagent being rem oved from  the  trea ted  
fibres b y  a  40 hours wash. The supercontraction o f  
th e  fibres in  boiling 5 p e r cent sodium  m etabisulphite 
was th en  m easured in  th e  s tandard  way, th ree fibres 
being used for each pH. value. R esu lts , together w ith 
those fo r fibres boiled in  buffer solutions alone, are 
given in  T able 1.

T a b l e  1.

pH 1 0 5-0 10-5

% Supercontraction :
Formaldehyde treated 2 0 25 0 1 0
Buffer treated 25 0 21-0 1 0

Supercontraction of untreated hair=26-0 ±  1-0 percent.

I t  is obvious, therefore, th a t  new  linkages resistan t 
to  boiling m etab isu lph ite  were present in h a ir  which 
h ad  been boiled for 1 hour in  2 per cent form aldehyde 
a t  p H  1 o r 10-5. The low supercontraction  o f fibres 
boiled in  buffer solution  a t  p H  10*5 is due to  the  
presence o f  new  linkages form ed b y  secondary 
reactions o f th e  sulphenic acid groups o f hydrolysed 
disulphide linkages1.8.

(2) Deaminated Keratin. H um an  h a ir  fibres were 
com pletely deam inated  in  van  Slyke’s reagen t4. The 
fibres were th e n  tre a te d  w ith  form aldehyde as in  (1), 
except th a t  in  th is  case th e  reaction  occurred in 
th e  presence o f m olar sodium  sulphate. Table 2 
gives th e  supercontractions o f these fibres.

T a b l e  2.

pH 1-0 5*0 10-5

% Supercontraction:
Formaldehyde treated 
Buffer treated

15-0 
36 0

33 0 
33 0

5 0 
Fibre 

destroyed

Linkages resis tan t to  boiling 6 p er cen t sodium 
m etab isu lph ite , therefore, are form ed in  deam inated 
fibres on boiling in  2 per cent form aldehyde a t  
p H  1 or 10-5.

The load/extension curves o f fibres were deter­
m ined1 before an d  a f te r  deam ination, an d  i t  was 
found  th a t  th e  reduction  in  th e  w ork required to  
s tre tch  fibres 30 p e r  cent o f  th e ir  original length was 
31-0 ±  1-0 p er cent. A fter standing overnight in 
distilled  w ater, th e  fibres were boiled for 1 hour in
2 p er cen t form aldehyde a t  p H  1 -0, 5-0, 10-5 in  the  
presence o f  m olar sodium  sulphate, Washed for 40 
hours an d  th en  restre tched . The fu rth e r  changes in 
w ork o f  form aldehyde and  buffer trea ted  fibres 
appear in  Table 3.
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T a b l e  3.

pB 1-0 5-0 10-5

% Change in work :
Formaldehyde treated 
Buffer treated

+11-0 
+  1-0

+6-0 
—1 0

—58 0 
—61 0

On com paring these resu lts w ith  those in  Table 2, 
it will be seen th a t  no sim ple relationship  exists 
between the  effect o f new linkage form ation on the  
resistance o f fibres to  extension and  on the  super- 
contraction of fibres in  boiling solutions of sodium 
m etabisulphite.

J .  L. Stov es.
U niversity,

Leeds.
Ju ly  12.
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The Concept of Force
Mb. J oshua C. Gregory’s s ta tem en t1 “W hen a 

m otor-car tu rn s sharp ly  round a corner th e  passenger 
foels as if  he were shoved b u t n o t as if  a th ing  shoved 
h im ” suggests th a t  he has no t clearly  analysed the  
experience. The m ain sensations (o ther th a n  visual) 
are o f contact and  pressure on the  side of the  body 
on the  outside o f the  curve ; in  o ther words, o f a  
force as ordinarily  experienced acting  tow ards the 
centre, in th e  sam e direction as th e  acceleration. 
The sensations are exactly  sim ilar to  those fe lt in 
th e  back when a car accelerates rap idly . I f  there is 
no contact there is no sensation an d  no force, and  
the  passenger continues in  his previous uniform  
m otion in accordance w ith N ew ton’s F irs t Law. In  
th e  sam e way, w ith  high acceleration th e  head  and  
shoulders which are  n o t in contact w ith  th e  back 
o f the  seat move rela tively  backw ards over th e  top  
o f th is  and  experience no sensation o f  force.

W . B. Y a p p .
M anchester G ram m ar School,

M anchester, 13.
1 Nature, 154, 24 (1944).

Mr . J oshtja C. Gregory’s le tte r  u nder th is  t i t le 1 
seems to  m e misleading. A  “notion  o f  force” w ith ­
out a “notion o f m a tte r” appears to  me a  con tra­
diction. W ithou t m a tte r  there can be no m otion 
and therefore no acceleration ; an d  w ithou t accelera­
tion there can be no force since force denotes a mass- 
acceleration product.

W hen I  go round  a sharp  corner in  a  m otor-car I 
definitely experience th e  sensation o f being shoved 
by  th e  seat.

To describe forces as “im m orta l” o r “im perceptible” 
strikes me as idealist nonsense. A  force lasts ju s t as 
long as the  m a tte r  w ith  which it  is associated has 
acceleration ; the  force associated w ith  the  re ta rd a ­
tion  of a ham m er on one’s thum b is' perceptible 
enough. “Disem bodied force” is as meaningless as 
“m atterless m otion” . L et us keep these an th ropo ­
m orphic an d  idealist notions o f force o u t o f  physics ; 
force would exist in  a lifeless universe.

J ohn  Case .
Clearbrook,

N r. Y elverton,
S. Devon.

1 Nature, 154, 24 (1944).

T h e  description o f force, gathered  from  the  
“H erm etica” in to  m y  com m unication in  N ature  of 
J u ly  1, p . 24, does no t, as such, ask  Mr. John  
Case to  believe in  “im m ortal” and  “im perceptible” 
forces, o r to  adop t an y  “anthropom orphic an d  idealist 
no tions” . In  1864 Colding connected im m aterial and  
im perishable forces w ith  th e  p erp e tu ity  o f energy 
w hich h a d  been clear to  h im  since 1840, an d  the re  is 
a t  least a  h in t a t  th e  m odem  conservation o f energy 
in the  im m ortal forces o f th e  “H erm etica” . Those 
who s till refuse to  reduce causal efficacies to  m ere 
regular rou tine can sym pathize w ith  th e  working 
o f th e  H erm etical forces. The le tte r, however, only 
suggests th a t  th e  H erm etical concept o f force em ­
bodies a  recognizable d istinction  in  sensory experience. 
The concept can do th is  however vio lently  m odem  
though t disclaim s i t  in  o ther respects.

M uscular sensations them selves, th e  suggestion 
runs, only produce a sense o f w hat Prof. Price calls 
“pu re  force, disem bodied force as i t  w ere” . This 
corresponds to  the  incorporeal n a tu re  o f th e  H er­
m etical force. Sensations of contact are essential to  
com plete th e  sense o f  th e  resis tan t or propulsive 
m ateria l th ing. The H erm etical forces only w ork in 
bodies ; th is  corresponds to  th e  very  usual com ­
bination  o f m uscular an d  con tact sensations. Cut 
out a m an ’s contact sensations, leave all his o ther 
sensations in, he will then , according to  th e  sugges­
tion , have only a  sense o f “disembodied force” and 
have no sense of m ateria l things. I f  th is  sense of 
pure or disem bodied force is ac tua lly  fe lt in  th e  
centrifugal experience, as Price suggests, th e  phrase 
“disem bodied force”  is n o t “m eaningless” , as Mr. 
Case asserts.

Mr. W . B. Y app concentrates on a denial o f th is  
sense o f pure force when a m otor-car com ers rapidly  
or accelerates sharply . W hen a  m otor-car tu rn s 
quickly, a passenger on th e  back  seat is throw n 
som ew hat la te ra lly  an d  feels, or m ay  feel, as if  
an  im m aterial force throw s him , as if  he is shoved 
w ithou t being shoved b y  a  m ateria l shover. This 
is th e  experience o f th e  w riter an d  presum ably of 
Prof. Price. Some people stress unexpectedness— 
th e y  have th is  sense o f pu re  force when the  car 
takes them  unaw ares as i t  corners quickly. They 
have a  sim ilar experience during a sharp  accelera­
tio n  backw ards or forw ards. There seem also to  be 
analogous aeroplane experiences. W hen I  am  ‘cen tri­
fuged’ in  a  m otor-car I  do n o t “definitely experience 
th e  sensation o f being shoved by  th e  se a t” , as Mr. 
Case does, nor do I  sense a con tact push  on m y 
free side w hen I  am  pressed against th e  resis tan t 
side o f th e  car, as Mr. Y app seems to  do.

Some people a t  least confess to  a m om entary  feel­
ing o f  “w hat on e a r th  is h a p p e n in g ! ” an d  an  
evanescent whiff o f uncanniness sometim es rushes 
th rough m e. Mr. Case an d  Mr. Y app m ay  dissent 
because th e  inve tera te  tendency to  connect pushes 
o r pulls w ith  contacts predisposes them  against a 
recognition o f the  actual, though usually  m om entary, 
experience. M any ‘cen trifuged’ passengers do seem 
to  glim pse, if  only for a  m om ent, th e  sense of d is­
em bodied forces th a t  m ight be h ab itu a l if  there were 
no con tac t sensations. The experience seems to  
occur, however th e  som ew hat elusive concept o f force 
is finally assessed.

P rof. Price, o f course, though he gave me a  cue, 
is no t responsible for th e  use m ade of it.

J oshua C. Gbegoby .
M ount H otel, Clarendon R oad.

Leeds, 2.
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Fatigue in Selenium Rectifier Cells
T h e  effect described by  Mr. J .  S. P reston in his 

le tte r  in  N ature  o f Ju n e  3 1 m ay be connected w ith  
th e  increased d epartu re  from  linearity  o f response 
which D r. W . R . G. A tk ins an d  I 2 found to  occur in 
a num ber o f these cells when illum inated  b y  ligh t 
o f w ave-length g rea ter th a n  abou t 0-66 [*. W e were 
in terested  in the  use of these cells to  m easure d ay ­
ligh t, especially under Water, where very  large 
changes o f illum ination  occur and  optical m ethods 
o f  varying th e  exposure o f th e  cell a re  very  incon­
venient. Long range an d  large m axim um  illum ina­
tion  Were therefore essential, and  the  photom eter 
bench used gave a range o f 1 to  725. A  filam ent 
lam p behind a  w ate r cell 4-4 cm. th ick  gave a m axi-' 
m um  illum ination  estim ated  a t  some 15,000 lux 
w hen no colour filter was used. S chott BO  12, RO  1 
an d  RO  5, Corning Green and  Zeiss 966/8 filters, 
singly or combined, enabled different spectral regions 
to  be tested . F atigue effects were reduced to  th e  
u tm ost by  keeping th e  cell in  the  d ark  except for the 
few seconds needed to  balance th e  Cam pbell-Freeth 
circuit by  w hich th e  cu rren t was m easured. The 
com parative steadiness o f th e  balance seemed to  
show th a t  in  th is  case fatigue was un im portan t. W e 
d id  n o t notice enhanced fatigue in  red  light, possibly 
because we expected a sm all fatigue effect due to  
th e  w arm ing o f th e  cell c ircuit b y  th e  com paratively 
intense deep red  an d  near in fra-red  rad ia tion  tra n s ­
m itted  b y  th e  red  filters.

U nder these conditions we found th a t  for a W eston 
cell an d  ligh t o f W ave-length below abou t 0-66 jx, th e  
sensitiv ity , as m easured by  the  Cam pbell-Freeth zero 
resistance circu it, was nearly  constan t up  to  abou t 
100 [itamp., showing, in  fact, a  sm all rise w ith  curren t 
up  to  a  few m icroam peres, as found for some cells by  
o ther workers. F o r w ave-lengths above 0-66 y., how ­
ever, th e  sensitiv ity  commenced to  fall a t  abou t 
1 fxamp., an d  h ad  fallen by  15 p er cent a t  100 [lamp. 
A nother W eston cell showed a  sim ilar effect, and  
eigh t electro cells each showed it  to  a n  enhanced 
degree.

A dding to  th e  resistance o f the  c ircu it o f course 
increases th e  departu re  from  linearity , b u t we were 
som ew hat surprised  to  find th a t  for each cell te sted  
th e  inclusion o f 1,000 ohms in  th e  c ircu it produced 
a fall in  cu rren t depending only on th e  in itia l curren t, 
an d  n o t a t  all on th e  colour o f th e  ligh t to  which it  
was due. W e accordingly suggested th a t  th e  red 
ligh t effect was of a p rim ary  natu re , and  due to  
the  existence in  th e  selenium  cells o f a  p h o to ­
electric th reshold  near 0-66(j., causing a tendency to  
sa tu ra tio n  in  th e  cu rren t produced by  intense illum ­
ination  o f longer wave-lengths.

The increase in th e  transparency  o f  selenium  near 
0-64 (a m ay  be connected w ith  a reduction  in  th e  
num ber o f photo-sensitive and  hence light-absorbing 
electrons as we passed th rough  th a t  spectral lim it. 
This lim it, as found b y  Mr. P reston  fo r th e  fatigue 
effects, is so close to  our approxim ate lim it fo r the  
cu rva tu re  effect th a t  i t  seems probable th a t  th e  two 
effects a re  closely connected.

H . H . P oole .
R oyal D ublin  Society. Ju n e  16.

1 Nature, 153, 680 (1944).
1 Sci. Proc. Roy. Dub. Soc., 22, 393 (1941).

T h e  resu lts to  which D r. Poole refers seem certain ly  
to  be re la ted  to  th e  fatigue effects which we have

noticed. D uring a  recent v isit to  th is  L aboratory , 
D r. A tkins directed our a tten tio n  to  these results 
an d  we discussed them  in some detail.

Taken in conjunction w ith  our own, th ey  point 
to  a  close correlation between various properties o f  
th e  cells, as D r. Poole suggests, and  there now seems 
good reason to  believe th a t  the  basic common factor 
is th e  existence o f a photo-electric, and  an  associated 
transparency , threshold in  th e  neighbourhood o f  
0-66 fi or 0-64 [x. The w ay in  which th is factor enters 
in to  th e  action  o f th e  cell is certain ly  of practical 
in terest an d  m ay be o f fundam ental im portance. Our 
suggestion th a t  th e  com paratively deep penetration  
o f red  ligh t in to  th e  selenium results in a kind J  of 
space-charge re ta rd ing  the  emission of electrons from 
th e  deeper layers is, o f course, only ten ta tiv e  ; bu t 
such a  m echanism  would provide for bo th  the  non- 
linearity  an d  th e  fatigue effects together, provided 
th e  space-charge is n o t bu ilt up  instantaneously. This 
supposition recalls also th e  k ind  o f fatigue exhibited 
b y  th e  older resistance type of cell. |

The sub ject o f fatigue m erits careful investigation 
an d  we hope to  carry  ou t fu rth e r w ork upon it.

J .  S. P reston . 
L igh t Division, N ational Physical L aboratory.

Ju ly  4.

Relation between Dissonance and 
Context

I n  an  a tte m p t to  m eet some o f the  criticism s m ade 
o f our previous w ork on the  effect of musical context 
on dissonance1 a  new  experim ent has been carried out.

A  single ‘d issonant’ chord, th e  seventh on the  sub­
dom inant (when in  O M ajor), second inversion 
(c0 «0 f '  e", according to  th e  tone nom enclature given 
b y  M yers2), was used th roughout as th e  chord to  be 
investigated, an d  will be called the  ‘te st chord’. Mr.
C. G. G ray suggested th is  chord, an d  offered several 
contexts for it.  A  num ber o f o ther passages in  which 
i t  appeared were found in  well-known works, w ith 
an  additional passage composed by  Mr. Gray and 
sligh tly  a lte red  by  the  w riters. A ltogether there 
were fourteen passages : two by Chopin, one by 
W einberger, nine by Greig, one from  a  trad itional 
a ir  an d  one by  Mr. Gray. The te s t chord, though, o f 
course, i t  was n o t always in  C M ajor, did always 
consist o f th e  sam e four identical notes.

The passages were played on the  piano to  fifty 
studen ts (43 women and  7 men). The aim  of the 
experim ent was explained beforehand, end the  sub­
jects were asked to  avoid judgm ents o f liking and 
disliking and  to  concentrate upon consonance and 
dissonance. As each passage was played by  one of 
th e  experim enters (P. A. D. G.), th e  o ther (R. W. P.) 
raised his h and  when th e  te s t chord was sounded 
an d  then  im m ediately lowered i t  again. E ach passage 
was played over in  th is  w ay often  enough for all 
th e  subjects to  be satisfied th a t  th ey  h ad  identified 
th e  te s t chord an d  ra te d  i t  on a  scale + 3 , + 2 ,  -f-1, 0, 
— 1, — 2, — 3, from  very  consonant to  very  dissonant.

The subjects had  all received instruction  in the 
psychology of sound and  had  done the Oregon and 
o ther music tests. They also filled in  a  questionnaire 
on degree o f m usical in terest. T heir average score 
for on th e  Oregon te s t was 77/96, and  the  scores of 
th is  te s t correlated - f 0-576 (pC O 'O l) with the 
questionnaire results converted into a  quantitative 
form. These points show th a t  the  musical ability  of 
th e  group was high. The subjects Were astonished
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when to ld  afterw ards th a t  th e y  h ad  ra te d  th e  sam e 
chord throughout.

The ratings o f  th e  te s t chord were ta b u la ted  and 
the ir frequencies are shown in th e  accom panying 
tab le  :
Eating + S  + 2  + 1 0  —1 —2 —3
Frequency .. 62 119 101 52 164 124 78
This d istribu tion  o f frequencies is qu ite incom ­
patib le With th e  possible hypothesis th a t  th e  te s t 
chord was o f constan t o r even o f  approxim ately  
constant dissonance-level. They are significantly 
different from  a purely  chance d istribu tion  o f the  
to ta l o f 720 ratings into th e  seven classes, and  show 
th a t  the  chord was m ost often  considered m oderately 
dissonant.

Analysis o f variance o f  th e  tab le  o f  ratings showed 
th a t  th e  variance due to  differences between contexts 
outweighed the  error variance by  a n  am ount o f which 
th e  probability  was less th a n  1 in  1,000. This resu lt 
is very strong evidence th a t  the  dissonance-level o f 
the  te st chord varied w ith  its  m usical setting. The 
variance due to  differences between individual su b ­
jects was significantly g rea ter th a n  th e  erro r variance, 
an d  significantly lower th a n  th e  variance due to  
differences between contexts. This is evidence th a t  
th e  m usical standards, opinions or preferences of th e  
subjects were factors in determ ining dissonance level, 
b u t o f far less im portance th a n  th e  effects o f varying 
the  m usical context.

I t  m ay be suggested th a t  ‘dissonance-level’ is a 
Gestalt phenom enon. I t  is determ ined b y  several 
factors, o f which th e  chief a re  (a) th e  physical com­
position o f th e  chord, (b ) th e  ‘schem ata’ in  our m inds 
which arise from  experience an d  depend on m usical 
ab ility , on train ing and  on trad ition , an d  (c) the 
m usical effect, im port or intention  of the  passage as a 
whole. The la tte r  was th e  ou tstanding  influence in 
th is  experim ent, an d  i t  has been dea lt w ith  in  a  
le tte r  to  us by  Mr. Jo h n  L. D unk. This is too long 
for quotation, b u t in i t  he has  given passages from  
Beethoven, E lgar an d  W agner, showing th a t  som e­
tim es a  chord ‘theoretically’ correct m ay  be excessively 
harsh  in relation to  the  m usical im port o f th e  c o n te x t; 
whereas in o ther passages a dissonance which could 
scarcely be defended in  theory , a t  least a t  th e  period 
when it  was composed, m ay  be com pletely appropria te  
from  the  po in t o f  view o f th e  im port o f  th e  passage 
as a whole.

W e are indebted  to  Mr. Joseph  F . Simpson for h is 
help w ith  th e  calculations.

P . A. D. Ga r d n er .
R . W . P ickfokd .

Psychology D epartm ent,
U niversity , Glasgow.

1 Suture, 152, 358 (1943); 182, 570 (1943); 153, 85 (1944;.
“Myers, C. S., “ Experimental Psychology” , P a r t I , 26-27.

Science and the Fisheries
I n  his adm irable discourse a t  th e  R oyal In s titu tio n 1 

Michael G raham  declares w ith  good reason th a t  “the  
G reat Law  of F ishing is th a t  unlim ited  fisheries b e ­
come unprofitable” , and  he deduces th a t  “th e  only 
adequate m easure to  conserve th e  fishery is to  se t 
some lim it to  th e  am ount o f fishing” . F ishery  
legislation, w ith its restrictions upon fishing areas, 
upon the  mesh of nets, upon th e  size o f fish landed 
and  so on, has no t succeeded in stay ing  th e  dow n­
w ard d rift, an d  m ore restric tion  is necessary. The 
G reat Law  of fishery 'legislation, based upon sound 
scientific advice as th ings stand , is restric tion .

Now an  ou tstand ing  lesson o f th e  U nited  S tates 
contribu tion  to  th e  In te rn a tio n a l F isheries E xhibition  
o f  1883 an d  its  Conferences, to  w hich G raham  refers, 
was, so fa r a t  any  ra te  as freshw ater fisheries are 
concerned, th e  reverse o f restric tion . The U nited  
S tates F ish  Commission realized th a t  “were th e  
governm ental policy  d irected  tow ards preventing 
th e  people from  catching th e  few [fishes] le ft a fte r 
generations o f improvidence, th e  expense would be 
enorm ous, w hile such laws w ould be evaded con­
stan tly , an d  alm ost w ith  im pun ity” 2. The Com­
mission therefore dropped a negative for a  positive 
policy an d  decided “to  expend a  com paratively  
sm all am ount o f th e  public m oney in  m aking fish 
so ab u n d an t in  th e  rivers an d  lakes th a t  th e  public 
itse lf  m ay  fu lly  an d  freely  enjoy th e  resu lt” 2. T h a t 
was th e  ideal.

M ay we n o t look to  th e  sam e so rt o f positive policy 
in  regard  to  sea fisheries, instead  o f accepting as 
axiom atic th a t  restric tion  of fishing is th e  only 
adequate m eans o f keeping up  th e  fish population  ? 
Scientific workers know  enough abou t th e  fu n d a­
m en ta l relations betw een th e  chem istry  an d  physics 
o f th e  sea an d  th e  organism s th a t  live in  i t  to  a tte m p t 
some control o f these for th e  benefit o f th e  fisheries. 
On a  sm all scale th e  success o f  such control, b y  th e  
addition  o f chemical nu trien ts, has been ind icated  by 
th e  w ork on oyster cu ltu re in  Norw ay, and  by  the  
lim ited  an d  still incom plete b u t developing experi­
m ents o f D r. Gross an d  his colleagues in  L och Sween 
in  A rgyllshire. In  fresh w aters, w here th e  basic 
problem  is sim ilar, I  am  to ld  by  th e  chief o f  th e  
Biology Division o f th e  U nited  S tates D epartm en t 
o f  A griculture, E dw ard  H . Graham , th a t  i t  has been 
encouraging farm ers to  ad d  chemical n u trien ts  to  
ponds for th e  purpose of increasing grow th of selected 
species o f fishes, an d  th u s  increasing th e  w ar-tim e 
supply  o f  food.

I f  th e  Loch Sween experim ents in  th e ir  w ider 
range are  successful, th e y  will po in t to  th e  possibility 
o f im proving sea fisheries instead o f  curtailing  them . 
I f  th e y  are n o t successful, o ther experim ents w ith  
th e  sam e end in  view should be considered. My plea 
is th a t  scientific w orkers in  fishery m a tte rs  should 
tu rn  m ore a tten tio n  to  th e  progressive an d  p ro ­
ductive, ra th e r  th a n  to  th e  restrictive, possibilities. 
There is one im portan t po in t, however, which m ust 
be borne in  m ind. In  h is  paper on th e  fishery in ­
dustries o f th e  U nited  S tates, read  a t  th e  Conference 
associated w ith  th e  In ternational F isheries E xhib ition  
of 1883, Prof. G. Brown Goode pointed  out th a t  
“public fish cultu re is only useful when conducted 
upon a  gigantic scale-—its  s ta tis tica l tab les m ust be 
footed u p  in  tens o f m illions” [of fishes, n o t dollars]. 
I n  th e  sea th e  scale m ust be v as tly  greater, i t  m ust 
be in te rn a tio n a l; so th a t  we m ay  be allowed to  
speculate upon a  day , perhaps n o t m any  years hence, 
w hen th e  In terna tional F isheries Commission o f the  
nations bordering th e  N orth  Sea m ay discuss, along 
w ith  its  program m e o f researches, th e  allocation of 
th e  sum s to  be contribu ted  b y  each nation  for 
chem ical nu trien ts , in  th e  assurance th a t  these will 
support a  larger fish population  an d  an  increased
f i s h i n g  fleet in  th e  N o rth  Sea. _ _

J a m e s  R i t c h i e .
D epartm en t of Zoology,

U niversity  o f E dinburgh.
Aug. 1.

1 Nature, 154, 105 (1944).
2 Whymper, F ., in “ The Fisheries of the World : an illustrated and

descriptive Record o f the  In ternational Fisheries Exhibition of
1883 [1884]’*, 251.
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RESEARCH ITEMS
Inheritance of Tuberculosis

I t  has been difficult in  th e  p as t to  evaluate cor­
rectly  th e  evidence for th e  inheritance of tuberculosis 
o r  o f tendencies w hich m ight facilita te  infection. 
Obviously tw ins provide m ateria l which m ight give 
valuable evidence on th is  m a tte r. The analysis of 
tw ins has been developed b y  F . J .  K allm ann an d
D. Reisner (J. Hered., 34, 293; 1943), w ith  highly 
significant results. 616 tw ins, 930 sibs, 74 half-sibs 
an d  668 paren ts in  308 com plete fam ilies containing 
tw ins have been sta tis tica lly  analysed regarding th e  
incidence of tuberculosis. The chance of contracting  
th e  disease increases in  s tr ic t p roportion  to  th e  degree 
o f  consanguinity  to  a  tuberculous pa tien t. The fac t 
th a t  monozygous tw ins exh ib it 16 tim es as m uch 
s im ilarity  in  resistance as com pared w ith  dizygous 
tw ins when all criteria are considered indicates th a t  
heredity , probably  of a  m ultifactorial n a tu re , in ­
fluences resistance. The au tho rs p o in t o u t th a t  resis t­
ance to  th e  invasion of th e  bacillus m ay  be different 
from  th e  factors o f resistance to  th e  spread of th e  
established disease. This is supported  b y  th e  fac t 
th a t  while there is a  difference of 1 : 16 between 
resistance to  progressive disease, the re  is only a 
difference o f 1 : 3 - 5  in  resistance to  an y  form  of 
clinical tuberculosis in  monozygous an d  dizygous 
tw ins. The au thors are proceeding fu rth e r  w ith  th is 
im portan t analysis.

Freshwater Br/ozoa
Mary D . R ogick, in  her “Studies o f F resh-w ater 

Bryozoa. X IV . The Occurrence of Stolella indica  
in N orth  Am erica” (A nn. New York Acad. Sci., 45 ; 
1943), records Stolella indica  A nnandale from  N o rth  
America for th e  first tim e. The genus was known 
h ithe rto  only from  Asia an d  South America. This 
freshw ater bryozoon was collected in  a  pond in 
W esttown, Chester County, Pennsylvania, where it  
was fa irly  abundan t on subm erged twigs. The pond 
is fed from  a  spring passing th rough  a  meadow an d  
contains m uch subm erged pond-weed an d  some lily  
pads. F ilam entous algas were abundan t on th e  sub ­
m erged twigs, logs an d  o ther objects. In  a  larger 
pond nearby, four o ther species o f freshw ater Bryozoa 
occurred. A  note on sta to b lasts  in  general suggests 
■a sim plification in  nom enclature, an d  th e  term s 
floatoblasts, sessoblasts an d  spinoblasts are  used for 
floating, sessile and  spiny s ta to b la sts  respectively.

Biotin Content of Enzymes
Among th e  m em bers o f  th e  v itam in  B  complex, 

th iam in , riboflavin, an d  nicotinic acid  occur in  com ­
bination  w ith  a protein , th a t  is, as th e  prosthetic  
groups of enzymes involved in  respiration. The o ther 
m em bers have been assigned no definite role in  cellu­
la r  m etabolism . Several of these, no tab ly  b io tin  and  
para-am inobenzoie acid, occur in  tissue in  a  bound 
form  and  are  liberated  only on strong  hydrolysis. 
I t  m ight be expected th a t  th e y  also function as 
p rosthetic  groups of enzymes. D. R . Miller, J .  O. 
Lam pen and  W. H . P eterson (J . Am er. Chem. Soc., 
65, 2369 ; 1943) find, however, th a t  th e  b io tin  an d  
poro-am inobenzoic acid contents o f  six  crystalline 
an d  th ree  non-crystalline enzym e preparations, an d  
one crystalline protein  n o t an  enzyme, lead to  
m inim um  m olecular weights fa r in  excess o f the  
figures assigned to  these enzymes. I t  is assum ed, 
therefore, th a t  th e  b io tin  an d  th e  acid are m ore p rob ­

ab ly  contained as im purities in  th e  crystalline p ro ­
teins ra th e r  th a n  form ing an  integral p a r t  o f the 
enzyme.

Physiology of Pollen
D . L ew is  (J. Genetics, 45, 117 and  261 ; 1943-44) 

has published fu rth e r results o f his w ork on the 
physiology o f pollen, which is having far-reaching 
scientific as well as practica l results. H e shows 
th a t  au to te trap lo idy  weakens th e  inhibition of 
incom patible pollen. B y  su itab le crosses in  syn ­
th e tic  polyploids o f  Oenothera organensis, he has 
shown th a t  the  reduction o f th e  inhibition  is duo 
solely to  the  diploidy of th e  pollen and  no t to  the 
te trap lo idy  o f th e  sty le. Pollen grains w ith  two 
different S  allelom orphs have been used on styles w ith  
one or b o th  genes. In  some cases the re  was a  differ­
ence in  com patibility , in o thers th e  result was indif­
ferent. These resu lts are considered in  relation  to  the 
hypothesis th a t  th e  S  allelom orphs are competing 
fo r an  antigenic substance sim ilar to  th e  antigen- 
an tibody  reaction  in  anim als. Among m any details 
o f  im portance th e  au th o r indicates th a t  th e  effect 
o f one S  allelom orph o f one pollen grain  m ay some­
tim es be influenced by  an  association w ith  another 
S  allelom orph before pollen-grain form ation. In  the 
second paper, th e  au th o r shows how th e  discovery 
o f th e  weakened inhibition to  diploid pollen m ay be 
used in  th e  production of useful polyploid economic 
p lan ts. B y  trea tin g  th e  pollen-m other cells w ith 
h ea t shocks, pollen grains w ith  th e  unreduced num ber 
o f chromosomes m ay  be produced. I f  these pollen 
grains a re  heterozygous for th e  S  allelom orphs, they 
will function on a diploid style, whereas th e  haploid 
pollen grain  will be inh ibited  by  th e  norm al incom ­
patib le  mechanism. B y  th is  m ethod, trip lo id  poars 
have been produced, an d  resu lts in  plum s, cherries 
a n d  apples indicate th a t  m uch use should be m ade 
o f  Lewis’s m ethod in  th e  fu ture.

Inheritance of Tristyly in Lythrum Salicaria
T h e  h istoric w ork o f C. D arw in an d  L ady  Barlow 

upon  th e  inheritance o f long-, m id- an d  short-styled 
p lan ts  o f th e  loosestrife raised several unsolved 
problem s. E a s t published a  hypothesis o f lethal 
mid-genes to  a t te m p t to  explain th e  results of cross­
ing. This hypothesis le ft a  num ber of unaccounted 
exceptions. R . A. F isher an d  K . M ather (Ann. 
Eugenics, 12, 1 ; 1943) have followed th e ir  le tte r  
in  N ature  (150, 43 0 ; 1942) on th is  subject w ith 
extended results. They show th a t  E a s t’s theory 
th a t  th e  mid-gene was le tha l when homozygous is 
wrong. B y  special m ethods of open pollination and 
s ta tis tic s  th e y  have analysed large progenies and 
infer th a t  th e  inheritance o f long, m id  an d  sho rt is 
polysom ic in  type. W hether th e  inheritance is te tra - 
somic or hexasomic is unknow n, b u t experim ents 
are in  progress. The au thors have grown an  open- 
po llinated  population  a t  Chelsea Physic Carden, and 
find th a t  th e  m ids have reduced fe rtility  bo th  in 
seed an d  pollen. This is different from  th a t  discovered 
b y  D arw in, an d  th ey  suggest, therefore, th a t  the 
experim ent m ight be repeated  a t  Down House, where 
th e  original w ork was perform ed.

Iron Hill Igneous Complex, Colorado
T h e  detailed  repo rt by  E . S. L arsen on th e  rocks 

and  m inerals of th e  Iron  H ill stock in  south-west 
Colorado (U .S . Oeol. Surv., Prof. Paper 197 A ;
1942) is a n  im portan t and long-awaited contribution  
to  descriptive petrology. The stock has an  area of
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twelve square miles ; i t  is em placed in  Pre-C am brian 
granites and  is overlain by la te  Ju rassic  sandstones. 
The sequence of rocks in  th e  com plex is as follows : 
(a) A m ass of dolom itic m arble w hich form s an  
isolated h ill a  mile across, as well as  several sm all 
inclusions w ith in  th e  la te r rocks. F rom  th e  evidence 
of bodies of sim ilar m arble in  th e  neighbourhood it  is 
believed th a t  th e  m ain  m ass is o f hydro therm al 
origin, though i t  m ay  have been in truded  as a  ca r­
bonate magma. (6) A  coarse-grained m elilite rock 
known as uncom pahgrite. (c) A pyroxenitic su ite  
which m akes up  abou t 70 per cent o f th e  area and  
ranges from  diopside-rock to  types composed of 
b iotite, perovskite-m agnetite an d  apatite-perovskite , 
w ith  varieties containing felspar, nepheline and  
sphene. (d ) Ijo lite  composed o f pyroxene, garne t and  
nepheline. In  places nepheline appears to  have 
‘soaked’ in to  th e  pyroxenites. (e) Soda-syenite, 
commonly banded an d  associated w ith  (/) a  la te r 
nepheline-syenite ; bo th  (e) an d  ( /)  te n d  to  occur 
near the  borders o f th e  stock, (gr) A series o f dykes 
o f either nepheline-gabbro or quartz-gabbro, or in 
some cases both . H ydro therm al solutions were 
active th roughou t th e  h isto ry  of th e  stock. To ex­
plain th e  origin of th e  com plex th e  au th o r postu lates 
crysta l differentiation of a  basaltic  m agm a modified 
by assim ilation of m arble in depth , b u t he him self 
points ou t one serious weakness in  th is  conventional 
hypothesis, nam ely, its  failure to  account for th e  very  
high T i0 2 and  P 2Os which characterize m ost o f th e  
rocks.

Magnetic Susceptibility of Iron Tetracarbonyl
I ron te tracarbonyl, which has a  m olecular weight 

roughly corresponding w ith  th e  form ula [Fe(CO)4], 
is, like th e  o ther m eta l carbonyls, diam agnetic. The 
susceptibility  values reported  v ary  ra th e r  widely, an d  
the  value has been redeterm ined by  H . G. C utforth  
and P . W. Selwood (J . Am er. Chem. Soc., 65, 2414 ;
1943). A  w ell-crystallized m ateria l was prepared  by  
way o f th e  carbonyl F ea(CO), from  Fe(CO)6. The 
ac tua l m ateria l w as found to  be param agnetic , 
suggesting para- or ferro-magnetic im purities. M eas­
urem ents over a  range o f field s treng th  showed 
th a t  th e  susceptib ility  depended on th e  field. B y 
plo tting  susceptib ility  against th e  reciprocal o f field 
strength , ex trapolating  to  infinite field streng th  
gave a susceptib ility  o f — 0-07 X 10-6, which is o f 
th e  order expected, though  ra th e r  small.

Electric Arc between Solid Carbons and Graphite Elec­
trodes
I n  a  paper by  J .  T. MacGregor-Morris (J . Inst. 

Elac. Eng., 91, P t. 1, No. 41 ; May 1944) en titled  
“E xperim ents on th e  Candle-Power an d  B rightness 
of the  Positive C rater o f th e  E lectric Arc, using 
Solid Carbons an d  G raphite E lectrodes” , a  critical 
exam ination is m ade of the  ways in which a  stan d ard  
of high-intensity  ligh t could be developed using th e  
positive c ra te r of an  electric arc between carbon 
electrodes in  a ir, and  an  account is given o f  m uch 
h itherto  unpublished experim ental w ork bearing on 
th is  problem . A three-electrode arc was adopted  in 
th e  researches, and  a  physical photom eter was used 
in which a  galvanom eter deflexion autom atically  
gave a  m easure o f th e  ligh t o u tp u t o f th e  arc. The 
accuracy o f th e  m ethod exceeds th a t  possible w ith  
visual photom etry , an d  rap id  varia tions o f candle- 
power can be observed. G raphite electrodes an d  a 
wide range of uncored soot electrodes were used. 
For a  standard , either th e  candle-power of the

positive c ra te r m easured along the  axis o f the  anode 
m ight be used, or th e  brightness o f a sm all portion 
of th e  c ra te r near th e  centre. M easurem ents are 
given o f  th e  effect on candle-power an d  brightness 
o f m any factors including diam eter, resistiv ity  and  
p u r ity  o f th e  anode, arc curren t, negative electrodes, 
atm ospheric pressure and  absorption due to  arc 
flame. Special a tten tio n  is given to  the  elim ination 
o f a  phenom enon th e  existence o f which is generally 
n o t obvious, nam ely, th e  rap id  ro ta tio n  o f th e  arc 
stream , which is accom panied by  a reduction of 
candle-power and  brightness o f uncertain  am ount. 
A critical com parison is m ade w ith  o ther published 
work, especially w ork in  o ther countries, an d  i t  is 
concluded th a t  a  s tan d ard  can best be developed 
utilizing brightness, an  accuracy o f 1 per cent being 
so far a tta ined .

The Starch-lodine Complex
T h e  n a tu re  o f th e  blue m ateria l form ed by  th e  

action  o f iodine on s ta rch  has been m uch discussed. 
In  a  series o f papers b y  R . E . R undle and  co-workers 
(J. Am er. Chem. Soc., 65, 554, 558, 1707, 2200; 
1943 ; 66, 111, 130 ; 1944) evidence is p resented  for 
th e  view th a t  th e  s ta rch  molecules a re  helical chains 
w ith  a  helix  d iam eter o f abou t 13-7 A., a  length  per 
tu rn  o f abou t 8 A., and  abou t six glucose residues 
per tu rn , and  in  th e  starch-iodine complex th e  iodine 
molecules occupy th e  in terio r o f th e  helices. A bsorp­
tion  spectra  a re  said  to  confirm th e  existence o f 
am ylose an d  am ylopectin  as tw o com ponents in 
whole starch . The am ount of iodine bound in  com ­
plex form ation w ith  am ylose increases as the  con­
cen tra tion  of iodide decreases, becoming one iodine 
molecule for six glucose residues for infinitely d ilu te  
iodide solutions.

New Methods in Stellar Dynamics
S. C h a n d ra s e k h a r  (A nn . New  York Acad. Sci., 

45, A rt. 3, 131 ; 1943) has p repared  a n  abridged 
version o f new  m ethods developed by  him  for the  
investigation o f  th e  dynam ics of ste lla r system s. An 
outline of th e  general principles o f a  sta tis tica l theory  
of ste lla r dynam ics is provided in  the  paper. An 
in teresting  po in t is m entioned in  dealing w ith  the  
s ta tis tics  o f  a  g rav ita tiona l field which arises from  a  
random  distribu tion  o f sta rs . The acceleration which 
a  s ta r  suffers during a  certain  in te rval can be form ally 
expressed as th e  sum  o f two term s : (1) a  system atic 
te rm  due to  th e  action  o f th e  g rav ita tiona l field of 
th e  sm oothed ou t d is tr ib u tio n ; (2) a  stochastic 
te rm  representing th e  influence o f  th e  near neigh­
bours. There is a  sim ilarity  between the  problem  
presented by ste lla r dynam ics, as s ta ted  in the  above 
fashion, an d  th e  problem s which occur in th e  m odem  
theories o f B row nian m otion. P a r t 3 of th e  paper 
deals w ith  th e  ra te  o f escape o f s ta rs  from  clusters 
a n d  th e  evidence for the  operation o f dynam ical 
friction  ; th e  Pleiades cluster is considered in  re la ­
tion  to  th e  results obtained. W hen dynam ical friction 
is ignored, a  half-life for th e  Pleiades o f 5 x  10' 
years is p red ic ted ; b u t i f  i t  is taken  in to  considera­
tion, th e  half-life is 3 X 10* years, an d  there is 
little  doubt b u t th a t  dynam ical friction provides the 
principal m echanism  for the  continued existence of 
th e  galactic clusters like th e  Pleiades for tim es of 
th e  order 3 X 10° years. Allowing for dynam ical 
friction, however, will n o t account for half-lives of 
th e  order 1010 years for such clusters, and  th is 
provides support for th e  now currently  adopted 
‘sho rt tim e-scale’ o f th e  order 3 x  108 years.
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APPLICATIONS OF SPECTROSCOPY

A CO N FERENCE on th e  applications o f  spectro­
scopy to  industria l an d  o ther problem s was 

held, under th e  auspices o f th e  London an d  Hom e 
Counties B ranch o f th e  In s titu te  o f  Physics, a t  the  
Im peria l College o f  Science and  Technology on 
J u ly  1 ; D r. S. W hitehead presided.

The in troductory  address was given b y  Prof. H . 
Dingle, o f th e  Im peria l College, who opened w ith  a  
sho rt historical account o f  th e  developm ent o f 
spectroscopy. The pioneer w ork o f N ew ton and, 
la ter, F raunhofer, found no im m ediate p rac tica l 
application, and i t  was n o t u n til th e  m iddle o f  th e  
n ineteen th  cen tu ry  th a t  th e  subject began to  acquire 
a  general significance. U nder the  nam e o f  spectrum  
analysis, i t  was th e n  regarded as a  departm en t o f 
chem istry, an d  its  discovery o f  new  elem ents, 
coupled w ith th e  realization th a t  a  new  an d  rap id  
m ethod o f  chem ical analysis h ad  become possible, 
aroused hopes th a t  a process o f g rea t p rac tica l value 
h a d  been b rough t to  ligh t. These hopes were 
quenched, however, b y  th e  ap p aren t capriciousness 
o f th e  m ethod, arising from  causes which, in  th e  
existing s ta te  o f physical and  chemical knowledge, i t  
was impossible to  understand, an d  chem ists soon 
abandoned i t  a lm ost entirely . F o r th e  n ex t few 
decades spectroscopy was k ep t alive, and in some 
degree developed, by  astronom ers, for whom no 
o ther m eans o f astrophysical investigation Was ava il­
able, an d  in  spite o f  some unavoidable errors, th e ir  
con tribu tion  was a n  essential prelim inary  to  th e  g rea t 
revival which came w ith  B ohr’s theory  o f the  hyd ro ­
gen atom  in  1913. F o r some dozen years thereafte r, 
spectroscopy stood in  th e  forefront o f  atom ic physics, 
an d  th e  p ic tu re o f th e  ou ter stru c tu re  o f  atom s which 
eventually  em erged was constructed  pari passu  w ith  
th e  explanation o f th e  successive details o f spectra.

T his work, so fa r  as a tom s are  concerned, is now 
alm ost com plete, an d  one o f  i ts  consequences is th e  
reb irth  o f  applied spectroscopy. Two m ain  causes 
have been responsible for th is . F irs t, th e  require­
m ents o f physicists, in  th e ir  en thusiasm  to  pene tra te  
th e  secrets o f atom ic struc tu re , im pelled scientific 
in strum en t m akers to  tu rn  th e ir  a tten tio n  to  th e  
m ass production  o f spectrographic apparatu s, and 
th is  is now  available in  large qu an tity . Secondly, th e  
new ly acquired knowledge o f  th e  processes o f  p ro ­
duction o f spectra  h as  m ade i t  possible to  understand  
th e  vagaries which alienated  th e  in terest o f  earlier 
workers, an d  th e  spectrum  h as become a  safe index 
to  b o th  th e  chem ical com position an d  physical 
condition o f  th e  source o f  light. P rof. Dingle s ta ted  
th a t  th e  problem  o f qualita tive  spectrum  analysis 
can  now be regarded as so lved ; b u t considerable 
experience—n o t always possessed by  th e  au tho rs o f 
published analyses— is necessary for tru stw o rth y  
results. No general process o f  q u an tita tiv e  spectrum  
analysis, however, has so fa r been devised, although  
in  certain  special problem s th e  m ethod h as been 
successfully used. H e presented  a n  analysis showing 
the  various factors contribu ting  to  th e  strength  o f  a  
photographed spectrum  line, an d  described w ork 
Which has  been done a t  th e  Im peria l College—an d  
will be resum ed as soon as conditions allow—directed 
tow ards th e  contro l o f  a ll o f them  except th e  am ount 
o f  th e  corresponding elem ent in  th e  m ix tu re  to  be 
analysed. The w ork o f Mr. E . W . Foster, a lready  p u b ­
lished*, will, i t  is hoped, provide a  basis for a  process 
o f  q u an tita tiv e  spectrum  analysis o f  g rea t generality . 
* Proc. Phys. Soc., 53, 594 (1941).

Mr. F . Tw ym an, m anaging d irector o f Messrs. 
A dam  H ilger, L td ., followed "with a  description o f 
certain  spectroscopic instrum ents now available. H e 
confined his rem arks chiefly to  those which seem of 
m ost im m ediate importance-—nam ely, instrum ents 
for analysis b y  em ission spectra an d  those for 
identification an d  estim ation o f  liquids or vapours 
by  absorption  in  th e  visible, u ltra-vio let and  infra-red 
regions. The num ber o f  spectrographic analyses o f 
m inerals an d  alloys in  G reat B rita in  alone m ust run 
in to  millions every  year, while absorption  spectra, 
particu larly  in  th e  infra-red, have la te ly  assumed 
g rea t im portance in  problem s o f m olecular structu re  
o f  in terest to  th e  biochem ist an d  th e  industria l 
chem ist. The com m onest instrum ent for th e  p ro ­
duction o f emission spectra is still th e  quartz  spectro­
g raph  ; b u t gratings, largely th rough  th e  advocacy of 
G. R . H arrison  in  Am erica, have recen tly  come into 
m ore general use, an d  experience m ust decide which 
is to  be preferred for p ractical purposes. In  qu an ti­
ta tiv e  w ork an  estim ate o f th e  streng th  o f spectrum  
lines m ust be m ade, an d  fo r  th is  purpose m icro­
photom eters, o r m icro-densitom eters, are  available. 
A ttem p ts have been m ade to  m easure intensities 
d irectly  by  photo-electric cells, b u t there is little  
doub t th a t  fo r a  long tim e to  come th e  spectrum  will 
be recorded photographically  an d  th e  streng th  o f  the 
lines m easured b y  th e  blackening o f  th e  p la te . Mr. 
Tw ym an nex t discussed im provem ents in sparking 
circuits, an d  concluded his rem arks on instrum ents 
fo r emission spectra  by  a  b r ie f  reference to  the  
identification o f  chem ical com pounds by  X -ray  
crysta l analysis.

The m ost characteristic feature o f ap p ara tu s  for 
absorption  spectra in  th e  visible an d  u ltra-v io let 
regions is th e  photom etric device, o f  which th e  first 
exam ple was th e  sector spectro-photom eter. The 
principle o f th is  instrum ent is common to  a ll sub­
sequent photographic spectro-photom eters, except 
very  recent ones s till in  th e  experim ental stage ; b u t 
certain  im provem ents in deta il have been introduced, 
w hich are exemplified in the  Spekker photo-electric 
absorptiom eter. In  th e  infra-red, where absorption 
spectra  give im p o rtan t inform ation bearing on the 
stru c tu re  o f organic molecules, th e  original H ilger 
instrum ent designed in  1909 is, w ith  a few im prove­
m ents, s till in  use to-day. Prism s o f  quartz , fluorite, 
rock-salt an d  sylvine a re  available, m aking investiga­
tio n  o f  th e  infra-red region possible up  to  a t  least 
21 |x. The rad iation  is detected  by  a therm opile, and 
a  recording form  o f th e  in strum en t h as  been devised.

The n ex t speaker was Mr. D . M. Sm ith, o f the  
Research D epartm ent o f  th e  B ritish  N on-Ferrous 
M etals Research Association. H e discussed chiefly 
th e  difficulties m et w ith in  th e  spectrographic analysis 
o f  non-ferrous m etals an d  alloys. In  th is  w ork the 
chief problem  is th e  q u an tita tiv e  determ ination  of 
traces o f im purities, and  the  m ethods adopted  usually 
involve m icrophotom etric m easurem ents o f arc and 
spark  spectrogram s, especially th e  la tte r . Im p o rtan t 
sourcos o f  erro r lie in  th e  lack  o f precise specification 
o f  sparking conditions, lack o f com plete under­
standing  o f th e  effect o f sm all differences between the 
sam ples to  be analysed an d  those used to  provide 
s tandards for com parison, an d  uncertain ties in  p la te  
calib ration  arising from  im perfect design in  certain  
types o f m icrophotom eter. The B ritish  N on-Ferrous 
M etals Research Association has for some tim e been col­
laborating  w ith  its  m em bers in a ttem p ting  to  improve 
th e  accuracy o f spectrographic m ethods, four panels 
o f the  Research Sub-Committee having been formed.
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Li addition to  reports from  the  Photographic, 
A luminium an d  Lead panels (the fo u rth  panel deals 
w ith problem s common to  all th e  m ethods), fu rth e r 
papers on specific applications are sho rtly  to  be p u b ­
lished in  book form  under the  tit le  “Collected Papers 
on M etallurgical A nalysis by  th e  Spectrograph” .

I t  is generally agreed th a t  th e  s tandard  alloys used 
for com parison should be closely sim ilar in  bu lk  
composition and  m etallurgical h isto ry  to  th e  samples 
for analysis, and  some pre-sparking is generally 
regarded as desirable in non-ferrous analysis, although 
in th e  analysis o f steels i t  appears to  be unnecessary. 
The ‘d irect com parison’ m ethod, due to  A. W alsh, in 
which no in ternal s tandards are used, has proved 
successful in  certain  problem s, b u t i t  is very  sus­
ceptible to  errors from  incom plete control o f th e  spark  
discharge. The reproducibility  o f spectrographic 
determ inations is m ost concisely expressed by  the 
standard  deviation derived from  an  adequate num ber 
of repeat tests  on the  same sample, although  the 
calibration  of the  p la te  by  th e  use o f s tan d ard  alloys 
is a possible source o f system atic error. In  general, 
m ethods of com pensation, based either on em pirical 
relationships or on considerations o f source tem pera­
ture, are less sa tisfacto ry  th a n  im provem ents in  the 
source o f excita tion  as regards increasing analy tical 
accuracy.

D r. W . A. Roach, o f th e  E a s t M ailing Research 
Station, then  addressed the  Conference on applica­
tions of spectroscopy to  biological problem s. Lunde- 
g ardh  (1928) an d  R am age (1929), he said, were two 
of the  earliest w orkers to  use emission spectroscopy 
for studying the  biological im portance o f minerals. 
Ram age bu rn t the  dried and  powdered m aterial, 
rolled in a  filter paper, in  fron t o f th e  slit o f  a  spectro­
graph. Lundegardh sprayed a  solution o f th e  ash  
into an  oxy-coal gas flame. The arc m ethod has been 
used by  W ebb and  Fearon (1937) to  m ake a survey 
o f elem ents occurring in  living tissues, an d  by  Lewis, 
who found th a t  serious trouble in  young anim als on 
‘te a r t’ pastures in  the  w est o f England was caused 
by an  excess o f molybdenum . M itchell used Gold­
schm idt’s cathode layer m ethod o f soil analysis for 
studying a serious trouble in  sheep called ‘p ining’, 
which was traced  to  a  deficiency o f cobalt. These 
an d  absorptiom eter m ethods are now in rou tine use 
in a num ber o f biological laboratories.

Sim ilar m ethods, as well as others, are  being used 
a t the  E as t Mailing Research S tation  for the  diagnosis 
o f m ineral deficiencies an d  excesses in  p lan ts. The 
lim itations o f p lan t analysis when employed alone 
are illu stra ted  by  facts first discovered by  Passy 
(1910) when seeking th e  cause o f w idespread chlorosis 
(absence o f chlorophyll) in a n  orchard. T he trouble 
was cured by  injecting an  iron sa lt into th e  chlorotic 
trees ; ye t the  percentage content o f iron  was highest 
in chlorotic foliage, lower in  certa in  green branches 
an d  trees found in  th e  orchard, an d  low est in  the  
trees injected w ith  iron sa lt. The iron in the  chlorotic 
leaves m ust have been in  a form  useless to  th e  p lan t. 
W hen iron in  a  useful form  was injected, th e  leaves 
grew in proportion  to  th e  injected iron, w hich 
‘d ilu ted ’ th e  useless iron obtained natu ra lly . This 
type o f fau lty  m ineral up take is known as ‘lime- 
induced chlorosis’, since i t  is common on soils con­
tain ing excess o f calcium  carbonate.

A system  of diagnosis is being b u ilt up  by  studying 
the m ineral com position o f p lan ts  in  rela tion  to  the ir 
pcrform;i nee, supplem ented when necessary by  testing  
how far perform ance is im proved by  injecting more 
o f an y  selected elem ent into th e  p lan t. H ealthy

p lan ts  tend to  have a characteristic composition, and 
a  deficiency o f any essential elem ent can be diagnosed 
by  analysis alone. W hen calcium  occurs in  excess, 
however, th e  norm al conten t o f  an y  o f th e  trace  
elem ents (iron, m anganese, zinc, boron, copper, etc.) 
m ay  prove inadequate because it  m ay  be in  a s ta te  
useless to  th e  p lan t. Supplem entary  m ethods, such 
as p la n t injection an d  a  s tu d y  o f p la n t sym ptom s 
w hich are  often  characteristic  of m ineral deficiencies, 
m ust th en  be employed.

The final address was given b y  D r. R . W . B. 
Pearse, o f the  Im perial College, who spoke on applica­
tions o f the  band  spectra  o f  molecules. These fall 
in to  two classes : first, those in  which d irect use is 
m ade o f the  spectrum , an d  secondly, those in  which 
th e  spectrum  is analysed in  order to  determ ine th e  
stru c tu re  o f  the  corresponding molecule. In  applica­
tions o f  th e  first class, a  band  system , an d  n o t an  
individual band , is to  be tak en  as th e  m olecular 
analogue of a  single line in the  spectrum  of an  atom . 
B y  m eans of such system s th e  scope o f  analysis can 
be extended in  several ways. T hus, inaccessible 
sources o f ligh t, such as com ets for exam ple, som e­
tim es show the  presence o f  m any o f th e ir  con­
stitu en ts  by  bands and n o t lines. Secondly, certain  
elem ents which give no line spectra  in  th e  ord inary  
regions o f  observation when subjected to  a rc  or spark  
conditions readily  show bands if  su itab le  elem ents 
are present w ith  which th ey  can combine. Thus, 
fluorine an d  chlorine can often  be detected  by bands 
o f CaF an d  C uC l; nitrogen an d  oxyge n  in  th e  
atm osphere o f a  copper arc  show a  spectrum  of NO ; 
an d  th e  spectrum  o f a hydrogen flame shows S2 
bands when su lphur is present. T hirdly , glow d is­
charges in  vacuum  tubes often  show bands which 
indicate th e  n a tu re  an d  p u rity  o f th e  gases p resen t, 
and  give a clue to  th e  origin o f unw anted residual 
gases, for exam ple, leakage from  the  air, presence of 
m oisture, degassing o f walls, decomposition o f grease, 
etc. F ou rth ly , absorption spectra have ena bled cer­
ta in  complex molecules to  be identified, an d  indicated  
changes in  th e  constitution o f such mol ecules by  
corresponding changes in  th e  spectrum . Tables of 
d a ta  are now available for th e  identification of 
m olecular spectra, an d  th e ir  use could be g rea tly  
extended.

Applications o f  th e  second class require a much 
m ore detailed s tudy  of th e  spectrum . The spectra  o f 
diatom ic molecules can be analysed into bands and  
branches, an d  energy-level d iagram s constructed . 
M olecular constants representing the  levels give the  
separation  o f th e  constituen t atom s, the  m om ent of 
inertia  o f th e  molecule, its  frequency o f v ib ration  and 
electronic energy in  various s ta tes , an d  th e  law o f 
force between the  atom s. I f  th e  observations are 
sufficiently extensive, th e  energies o f dissociation for 
th e  various s ta tes can be obtained. This knowledge 
can be used, w ith th e  co-operation o f  th e  m a th e ­
m atic ian  an d  th e  physical chem ist, to  th row  ligh t on 
m any  chem ical problem s. The determ ination  o f 
tem peratu re an d  detection o f isotopes are fu rthe r 
possible products o f the  analysis o f m olecular spectra.

A  sho rt discussion was held  a t  th e  conclusion o f 
th e  m eeting, a t  which i t  was proposed by  D r. J .  
Convey, and  seconded by  D r. H . Lowery, th a t  in  view 
o f th e  g rea t im portance which applied  spectroscopy 
has acquired  in  various fields, th e  B oard  of the  
In s titu te  o f Physics should be asked to  arrange for 
th e  form ation of a group for the  s tudy  o f the subject. 
The proposal m et w ith  general agreem ent, an d  is to  
be subm itted  to  th e  Board.
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CONTROL OF CROSS-INFECTION 
BY BACTERIA

T HE Medical Research Council’s War Memoran­
dum, No. 11, entitled “The Control of Cross- 
Infection in Hospitals” (London : H.M. Stationery 

Office, 1944. 6d. net) epitomizes a great deal of 
research on this important question. Cross-infection, 
says Sir Wilson Jameson in his introduction, is most 
apparent and dangerous among infantile and juvenile 
patients in hospitals, so that this memorandum deals 
mainly with the risks in children’s wards ; but it is 
pointed out that the risks exist also among children 
at home and wherever else they assemble. Nor are 
adults by any means free from them. The risks are 
naturally greatest where infectious diseases are being 
treated, but they exist in every hospital ward ; and, 
when a cross-infection occurs, the cost of .it may be 
so high that any measures taken, to prevent it are in 
the long run economical, even if  these include, as 
they often must, building alterations.

The commonest types of cross-infection are the 
respiratory ones, such as tonsillitis, middle ear 
disease, ‘colds in the head’ and pneumonia. “I f  ton­
sillitis due to hasmolytic streptococci is accompanied 
by a rash, it is known as scarlet fever.” Some thirty 
serological types of haemolytic streptococci have been 
identified, and one and the same type may cause 
different effects in different patients. The tracking 
down of these types may be a very complex under­
taking. Diphtheria, measles, chicken-pox, whooping 
cough, German measles, mumps and that disease 
about which much has been written recently, infective 
hepatitis, are other important infections which gain 
entrance by the respiratory tract. Gastro -intestinal 
infection may be a serious cause of death among 
infants in hospital. Epidemic diarrhoea, bacillary 
dysentery and diseases of the typhoid group may also 
occur. Wounds and bums may become infected, and 
abscesses, erysipelas, cellulitis and septicaemia may 
follow. Hsemolytic streptococci and staphylococci 
are the commonest causes of cross-infection of 
wounds. There are also the skin infections, impetigo, 
ringworm, scabies and pediculosis and infections of 
infants which may cause inflammations of the 
mother’s breast. Nor should we concentrate all our 
attention on cross-infection of the patients. The 
nurses and other personnel need protection from it. 
Dr. Joyce Wright (Brit. Med. J ., 585, April 29,1944), 
in her study of the sickness records of nurses in 
University College Hospital between 1936 and 1938, 
discusses this problem and emphasizes the need for 
further work on it. Although smallpox is outside 
the scope of the Medical Research Council’s memor­
andum, it is interesting to note in passing that the 
theory that smallpox may spread from smallpox 
hospitals to the surrounding population by way of 
the air has been revived and supported by Dr. C. K. 
Millard (Brit. Med. J ., 629, May 6, 1944).

Infection in a hospital may be either from a 
clinical case, from a case which has not been recog­
nized or is in its incubation period, or from a ‘carrier’ 
who is either a convalescent or harbours the organisms 
concerned without showing any symptoms. Prom 
any or all o f these, infection spreads by way of the 
secretions or discharges or from the skin or from 
wounds. It can spread by contact with the patient 
or with his clothes or belongings, or by means of food 
or living vectors. But of special interest nowadays 
are infection by dust and by droplets of moisture,

which can be projected 3-6 ft. through the air by 
talking, coughing or sneezing. Such infection may 
fall either on another person or on to bedclothes, 
utensils, food or on to the floor. Small droplets may 
evaporate and leave in the air minute droplet nuclei 
which are infected and may carry infection for con­
siderable distances. The diagrams printed in this 
memorandum indicate that bacterial counts of the 
air show considerable increases when bed-making or 
floor-sweeping raises the dust. Dry floor-sweeping 
does this especially, and the dust settles on bed­
clothes, on the furniture, on food, toys, utensils, and 
so on. Pathogenic bacteria can live in floor dust for 
weeks or even months, and may be numerous there. 
Large numbers o f virulent diphtheria bacilli have 
been isolated from the floor dust of diphtheria wards. 
I t  has been estimated that the floor sweepings of one 
ward in an ear, throat and nose hospital contained 
100 million haemolytic streptococci; and tubercle 
bacilli and pneumococci have also been obtained from 
floor dust. The bacteria of ward dust come mainly 
from bedclothes ; and even the straightening of the 
clothes of one bed can raise the bacterial count of the 
surrounding air 100 times. The scales of skin, and 
hair and finger-nail cuttings found in dust also may 
carry pathogenic bacteria.

Surrounded by this multitude of enemies, what are 
we to do ? War Memorandum No. 11 referred to above 
gives detailed directions. Among administrative 
measures are the abolition of the large open ward 
and encouragement of the modem tendency to  build 
smaller units. About half the beds in a children’s 
hospital should be in small isolated rooms, so that 
patients may be isolated if  necessary, and so that 
those suffering from the same disease can be grouped 
in small wards. Patients should be grouped according 
to medical risks rather than according to age. Nurses’ 
duties should be so allocated that risks of cross- 
infection are avoided. This applies especially to those 
engaged in the kitchens, on the preparation of 
feeding bottles or on toilet duties. Nurses should 
receive training in the risks of cross-infection and in 
hygiene and bacteriology. Similar rules should apply 
to visitors and to walking patients who may be helping 
the staff. • Immunization and chemo-prophylaxis are 
also helpful. Labour-saving methods are also dis­
cussed. The use of trolleys, for example, in the 
serving of meals considerably reduced the 7$ miles 
walked by the staff o f one hospital when they served 
one meal. The control o f contact infection is dis­
cussed under the headings, handwashing, laundry, 
cleanliness of kitchens and food stores, the reduction 
of flies and other insect pests and, in children’s hos­
pitals, breast and artificial feeding.

The control of droplet infection is effected by 
adequate ventilation at all times and all the year 
round, by placing beds not less than 12 ft. apart, by 
the use of efficient face masks (which should not be 
carried in pockets and should only be used once), by 
the use of antiseptic aerosols insufflated into the air. 
R. J. V. Pulvertaft (J. Hyg., Camb., 43, 352 ; 1944) 
gives a valuable su m m a r y  of recent work on these 
aerosols, and the same journal contains in earlier 
issues other accounts of research done^on them. 
Prof. S. Mudd, of the University of Pennsylvania, 
has given us recently (Brit. Med. J ., 67, July 15,
1944) an American view of progress in the steriliza­
tion of the air. Ultra-violet irradiation is also helpful. 
Prof. L. P. Garrod (Brit. Med. J ., 245, Feb. 19, 1944) 
claims that his study of hospital dust shows that 
“ordinary, diffuse daylight even on a cloudy day and
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even in w inter in  England, can be le thal to  bacteria , 
and th a t  glass is no absolute b a r  to  th is  effect” .

D ust-bom e infection has received m uch a tten tio n  
recently. The interesting w ork quoted in th is  W ar 
M emorandum No. 11 shows th a t  bedclothes should be 
handled gen tly  and  should no t be allowed to  touch 
the floor. The num ber o f bacteria  scattered  from  
them  is m uch reduced if  they  are im pregnated w ith 
‘technical white oil’. Similarly, th e  trea tm en t of 
wooden and  linoleum-covered floors w ith  spindle oil 
reduces th e  risk  of scattering  bacteria during sweep­
ing. A  strik ing diagram  o f results o f bacteria l counts 
o f the a ir  before and a f te r  oiling o f floors illustrates 
th is. Floors m ade of rubber, concrete or com position 
should be washed, vacuum -cleaned or sprinkled w ith 
dam p saw dust before sweeping. F o r th e  sem e reasons 
dusting  w ith  d ry  dusters is banned. Food, sterile 
m aterials and  so on should, o f  course, be pro tec ted  
from  dust, and  any  artic le  which falls on to  th e  floor 
should be regarded as being contam inated . A  recent 
paper by  F . C. Harwood, J .  Powney an d  C. W. 
Edwards, o f the  B ritish  L aunderers’ Association 
Laboratories (Brit. M ed. J . ,  615, M ay 6, 1944) 
describes a new technique for oiling bedclothes which 
incorporates the  use of d ilu te  water-in-oil emulsions. 
P. H . R . Anderson, J .  A. B uchanan an d  J .  J .  
M acPartland, in  th e  sam e issue o f th a t  journal 
(p. 616), record th e ir  successful lowering o f  th e  ra te  
o f resp ira tory  infections in  a  m ilita ry  barracks by 
the oiling of the floors w ith spindle oil. Joyce W right, 
R . Cruickshank and  W . Gunn, in  th e  sam e issue 
(p. 611), have shown th a t  oiling o f the  floors would 
no t by  itse lf  be enough to  control th e  spread o f dust- 
borne hsemolytic streptococci in  measles w ards, b u t 
th a t  oiling o f all the  bedclothes in addition to  oiling 
of the floors did control th is. The infection cycle is, 
they  say, resp ira tory  tract-—droplets an d  discharges 
—bedclothes an d  garm ents—w ard a ir  during bed- 
m uking—w ard dust—w ard a ir  during sweeping. 
Oiling floors th u s a ttac k s  only th e  final links in th is  
cycle, and oiling of th e  bedclothes and  linen a ttack s 
the earlier ones.

The Medical Research Council m em orandum  gives 
in its appendixes lis ts o f disinfectants an d  instruc­
tions for the ir use and  rules for sterilization, isolation, 
and the application of dressings. The special require­
m ents o f m atern ity  w ards are  also considered, and  
rules are  given for the  procedure to  be followed when 
an  infection does occur in a  w ard. G. L apage .

SAP-STAINS OF W O O D

SC H E F F E R  and  L indgren1 presen t a  sum m ary of 
approxim ately  ten  years o f  field and  labora to ry  

work on sap-stains o f wood. They s ta te  th a t  m arket 
dem ands for wood products are becoming more exact­
ing, m aking stained wood m ore difficult to  dispose 
of. Losses from  degradation  are in  general decreasing 
because o f im proved m ethods in  controlling stain . 
Chemical, m echanical, and  fungus sta ins are described 
and discussed as to  sym ptom s, cause, tim ber species 
involved, effect on various wood properties, and  
control, the  m ajor em phasis being on b lue stains 
caused by  fungi. In  th e  U nited  S ta tes b lue sap stains 
are o f g rea ter im portance in  th e  sou th  th a n  in  any  
other region, although  locally and seasonally im por­
ta n t also on the  west coast and  in  northern  Idaho 
and contiguous regions. The chief factors influencing 
the developm ent o f fungus blue sta ins in  sapwood

lum ber and  o ther wood products are tem perature, 
oxygen, and  w ater. No correlation Was found between 
wood density  and  susceptibility to  stain . F la t- 
grained lum ber was slightly  more susceptible to  stain  
th a n  edge-grained, due to  th e  g rea ter num ber of 
rays exposed an d  th e  larger proportion  o f sapwood. 
W ood once seasoned an d  rem oistened was less suscep­
tib le  th a n  unseasoned wood, b u t no t significantly so. 
No difference was found in susceptibility  to  sta in  
between w inter-cut end  sum m er-cut tim ber.

The fungi causing blue s ta in  are dissem inated by 
a ir, ips beetles, m ites an d  possibly to  some ex ten t 
by  th e  saws w hich cu t th e  logs into lum ber. Tough­
ness (ability  to  stand  loads applied quickly) of stained 
wood was significantly reduced as com pared w ith  
unstained wood ; b u t o ther m echanical propert ies 
were n o t significantly affected. Creosote under 
pressure pene tra ted  considerably deeper into stained 
pine bolts th a n  into m atched  unstained bolts. The 
presence of s ta in  d id  no t affect the  yield or strength  
o f paper m ade from  th e  wood, no r d id  it  affect the 
glueing an d  o ther properties o f  th e  wood. The com ­
m ercial aspects o f s ta in  control in  th e  southern 
U nited  S tates are discussed, including th e  advantages 
and  disadvantages o f end-racking, end-piling, crib- 
piling, stemming, k iln  drying, an d  chemical t r e a t­
m ents. The chem icals m ost used a t  present are 
‘L ignasan’ (ethyl m ercury  chloride plus inerts), 
‘Dowicide P .’ (m ixture in  equal p a r ts  o f sodium 
te trachlorophenolate an d  sodium  2-chloro-o phenyl- 
phenolate plus excess alkali) an d  ‘Dowicide H .’ 
(sodium  te trachlorophenolate p lus excess alksli). 
The phenolates are m ore persisten t on th e  lum ber 
an d  m ore toxic to  m oulds. In  poor seasoning 
w eather, th e  control som etim es is erratic. I t  is estim ­
a ted  th a t  th ree billion feet o f pine and  hardwood 
lum ber was dipped or sprayed in  1936. N o t only 
lum ber b u t also o ther products, such as posts, barrel 
staves, shingles, la th , an d  exterior m illw ork now are 
trea ted  to  control stain .

One o f the  problem s o f  com mercial s ta in  control 
is th a t  trea tm en ts  generally successful in preventing 
th e  developm ent o f sap-stain  in lum ber occasionally 
fail. As one o f the  basic approaches to  the  solution of 
th is  problem , Verra 112stud ied  th e  relative im portance 
an d  seasonal prevalence o f w ood-staining fungi in the  
southern  U nited  S tates. The studies were m ade in 
1937 an d  1938 in Louisiana, Mississippi, an d  Georgia. 
More th a n  a  thousand  isolations were m ade from  
bo th  logs an d  lum ber o f tw elve species o f trees, 
am ong which long-leaf pine (P inus palustris Mill) and 
red  gum  (Liquidambar styraciflua L.) predom inated. 
Blocks were inoculated w ith  th e  isolated fungi to  
te s t th e ir  stain ing ab ility . The staining floras o f both  
logs an d  lum ber Were very  nearly  alike. Those m ost 
im portan t in  pines w ere : Ceratostomella pilifera, C. ips, 
Diplodia natalensis, and  o th e r D. s p . ; on hardwoods . 
Endoconidiophora coerulescens, Ceratostomella pluri- 
annulata, D iplodia natalensis, an d  Graphium riqidum  
D iplodia natalensis is o f prim e im portance only 
in  th e  sum m er m onths, Endoconidiophora coerulescens 
is o f low incidence in  th e  sum m er m onths, and 
Ceratostomella pilifera  is re la tive ly  m ore frequent in 
w inter th a n  in  sum m er, although of im portance the 
y ear around. C. ips, D iplodia sp., C. pluriannulata  
an d  G raphium  fluctuate very  lit tle  w ith  season. 
D iplodia natalensis iso lated  from  sta ined  wood is 
identical w ith  th a t  isolated from  co tton  an d  other 
common agricu ltu ral p lan ts  in th e  region. I ts  p re ­
valence in sum m er is th o u g h t to  be due to  a  com ­
b ination  o f ab ility  to  grow a t  h igh  tem perature , and
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abundance of inoculum  produced during th is  season 
on co tton  an d  o ther p lan ts.

V errall3 also identified th e  fungi associated w ith  
sta in  in green lum ber trea ted  w ith  L ignasan an d  w ith  
Dowicide P . H e found no special stain ing flora on 
th e  trea ted  wood, an d  no evidence of a  bu ild-up of 
s ta ins resis tan t to  th e  trea tin g  chemicals. Some sta in  
was obtained on m ost tre a te d  pieces o f pine lum ber 
under the  severe conditions o f th e  tests. Endoconid- 
iophora coerulescens is p robab ly  th e  m ost im portan t 
sta in ing  fungus on hardwoods, and  trea tm en ts  were 
less effective against th is  fungus th a n  against o ther 
species. However, no difficulty was experienced in 
ge tting  hardw ood lum ber to  rem ain  stain-free a f te r  
trea tm en t. Oraphium rigidum  an d  Ceratostomella 
phiriannulata  were isolated in  re la tive ly  g rea ter 
num bers from  L ignasan-treated  th a n  from  Dowicide- 
trea ted  wood. Diplodia natalensis was n o t isolated 
from  trea ted  wood. The g rea ter p a r t  o f the  occasional 
severe stain ing o f trea ted  wood is a t tr ib u te d  to  poor 
handling practice, no t to  failure of the  trea tm en ts 
them selves. C l y d e  M. C h j u s t e n s e n .

1 U.S. Dept. Agrie., Tech. Bull. 714 (1940).
2 Phytopath., 29, 1031 (1939).
3 Phytopath., 81, 270 (1941).

FORTHCOMING EVENTS
Tuesday, August 29

B r it is h  P sy ch o lo g ica l  S o c ie t y  ( I n d u st r ia l  S e c t io n ) (a t the 
N ational In s titu te  of Industrial Psychology, Aldwyeli House, 
Aldwych, London, W.C.2), a t  12.30 p.m.—Dr. K. J. W. Craik : 
“ Proposed Work of the  Medical Research Council’s U nit of Applied 
Psychology a t  Cambridge” .

APPOINTMENTS VACANT
A pp l ic a t io n s  are invited for the  following appointm ents on or 

before the  dates mentioned :
R e a d e r s h ip  in  P h y sic a l  A n t h ro po lo g y—The Registrar, Univer­

s ity  Registry, Oxford (August 31).
S ecret a r y  to  th e  Editorial Board of th e  ‘Transactions’ (must 

hold a  Degree in Physics, M etallurgy or Engineering of a British 
University, or an equivalent technical qualification)—The Secretary, 
In s titu te  of Welding, 2 Buckingham Palace Gardens, London, S.W.1 
(August 31).

C h ie f  E l e c t r ic a l  E n g in e e r  a n d  M an a g e r— T h e  T o w n  C le rk , 
T o w n  Hall, Chichester (August 31).

P r in c ip a l  E n g in e e r in g  A ss ist a n t  on th e  perm anent staff of the  
Buildings Departm ent—The Clerk to  the  K ent County Council, 
County Hall, Maidstone (marked ‘Principal Engineering Assistant’) 
(August 31).

B oro u g h  E l e c t r ic a l  E n g in e e r  a n d  Ma n a g er— The Town Clerk,
4 Woodville Terrace, Gravesend, K ent (September 1).

Ass ist a n t  M a s t e r  to  teach B u il d in g  Co n s t r u c t io n , M a t h e ­
m a t ic s , T ec h n ic a l  D r a w in g  a n d  M e c h a n ic s  a t  the  Junior Building 
School, Cowes—The Director of Education, Education Offices, County 
Hall, Newport, I. of W. (September 1).

L e c t u r e r s  (two, full-time) in  P h y sic s—The Clerk to  the  Governors, 
South-East Essex Technical College and School of A rt, Longbridge 
Road, Dagenham, Essex (September 2).

U n iv e r s it y  Ch a ir  o f  St a t ist ic s  tenable a t  the  London School of 
Economics—The Academic Registrar, University o f London, South 
Kensington, London, S.W.7 (September 4).

Ch ie f  Stea m  T u r b in e  D e s ig n e r  for a firm in th e  Midlands—The 
Ministry of Labour and N ational Service, Room 432, Alexandra 
House, Kingsway, London, W .C .2 (quoting Reference No. C.2249.XA) 
(September 4).

Gra d u a t e  A ss ist a n t  (full-time, temporary) to  teach M a t h e ­
m a tics  a n d  Sc ie n c e —-The Principal, Twickenham Technical College, 
Egerton R o a d , Twickenham, M iddx . (September 5).

A ss ist a n t  L e c t u r e r  i n  Zoo lo g y , and a  D e m o n stra to r  in  Z oo­
logy—The Acting Registrar, The University, Leeds 2 (September 8).

A d v iso r y  O f f ic e r  in  t h e  E con om ics D e pa r t m e n t—The Secretary, 
West of Scotland Agricultural College, 6 Blythswood Square, Glasgow 
(September 8).

C ura to r  o f  t h e  C it y  M useu m s— T h e  T o w n  C le rk , R o o m  57, Civic 
H a ll ,  L e ed s  1 (en d o rsed  ‘C u ra to r  o f  t h e  C ity  M useum s’) (S e p te m b e r  9).

L e c t u r e r  (full-time) in  B io l o g y , and H e a d  o f  t h e  S chool  o f  
Ch e m is t r y —The Principal, Leicester College o f Technology and 
Commerce, Leicester (September 9).

E n g in e e r  (W ater Supplies) by th e  Gold Coast Government Public 
Works D epartm ent—The Ministry of Labour and National Service, 
Room 432, Alexandra House, Kingsway, London, W.C.2 (quoting 
Reference No. E.1094.A) (September 11).

D ir e c to r  o f  t h e  B r it is h  N on-F err o u s  Me ta ls R esea rch  
A sso c ia t io n—The Chairman of Council, British Non-Ferrous M eta ls  
Research Association, Euston S tree t, London, N .W .l (marked ‘P e r ­
sonal’) (September 15).

A ss ist a n t  D a ir y  B a c t e r io l o g is t  (temporary)—The Registrar 
The University, Leeds (September 15).

B o r o u g h  E n g in e e r  a n d  Su r v ey o r—The Town C le rk , Town Hall, 
W alworth Road, London, S.E.17 (endorsed ‘Borough E n g in ee r and 
Surveyor’) (September 22).

L e c t u r e r  in  V e r t e b r a t e  Z oology—The Secretary, The Univer­
sity , Edinburgh (September 25).

Ch a ir  o f  E l e c t r ic a l  E n g in e e r in g —The Acting Registrar, The 
University, Leeds 2 (September 30).

Ch a ir  o f  B io l o g y  in Victoria University College, Wellington, New 
Zealand—The Secretary, Universities Bureau of the  British Empire, 
c/o University College, Gower S treet, London, W.C.l (September 30).

P r in c ip a l  o f  t h e  H a c k n e y  T e c h n ic a l  I n s t it u t e , and P r in c ip a l  
o f  t h e  S o u t h -E ast L o n d o n  T e c h n ic a l  I n s t it u t e—The Education 
Officer ( T . l ) ,  County H a ll ,  W estminster Bridge, London, S.E.l 
(September 30).

P ro f e s so r  o f  P h y sic s—The Registrar, University College, Single­
ton  P a rk ,  Swansea (October 18).

L ib r a r ia n —The Librarian, Queen’s University, Belfast (Octobc r 31).
Ch a ir  o f  P sycholog y  in the University of Sydney—The Secretary, 

Universities Bureau of th e  British Empire, c/o University College 
Gower S tree t, London, W.C.l (October 31).

T e c h n ic a l  A ss ist a n t  (female, non-resident) for Clinical Laboratory 
Work—The General Superintendent, Royal Infirmary, Manchester.

T e a c h e r  mainly for Ma t h e m a tic s  a n d  E n g in e e r in g  S c ie n c e  in 
th e  Junior Technical School and in Senior Day and Evening Classes— 
The Principal, County Technical College, Gainsborough, Lines.

L e c t u r e r  in  E l ec t r ic a l  E n g in e e r in g  w ith  special re fe re n ce  to  
Design of Electrical Machinery—The Principal, Faraday House 
Electrical Engineering College, 62-70 Southampton Row, London, 
W.C.l.

T e a c h e r  o f  E n g in e e r in g  D r a w in g  a n d  Me c h a n ic s  in the  Junior 
Technical School for Boys—The Principal, Wimbledon Technical 
College, Gladstone Road, London, S.W.19.

T e a c h e r  (full-time, temporary) o f  M e c h a n ic a l  E n g in e e r in g  
Su b je c t s  in the Technical College and Junior Technical School—T h e  
Principal, Technical College, Talbot Road, S tretford, Lancs.

D em o n stra to r  i n  A n a to m y—The Secretary, University College, 
Gower S treet, London, W.C.l.

P r in c ip a l  of Natal University College—-The Secretary, Universities 
Bureau of the  British Empire, c/o University College, Gower Street, 
London, W.C.l.

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

Great Britain and Ireland
Ministry of Agriculture and Fisheries. Bulletin No. 85 : Rotations. 

By Dr. H. G. Sanders. Pp. 18. (London: H.M. Stationery Office.) 
4 ti.n e t. [317

Tractor Ploughing. (N.I.A.E. Publication No. 503/44.) Pp. 40+iv. 
(York : National In s titu te  of Agricultural Engineering.) 9d. |2S 

Annual Report of the  Council of the  Yorkshire Philosophical Society 
for the  Year 1943. Pp. 28. (York : Yorkshire Museum.) [28

University of Bristol. Annual R eport of the  Agricultural and 
Horticultural Research S tation(tho National F ruit and Cider Institute), 
Long Ashton, Bristol, 1943. Pp. 172. (Bristol: The University.) [38 

Ministry of H ealth : Nurses Salaries Committee. Report of the 
Mental Nurses Sub-Committee. (Cxnd. 6542.) Pp. 45. (London : 
H.M. Stationery Office.) 9d. ne t. [43

Science in the Universities. Report subm itted to  the  University 
Grants Committee of the Treasury. Pp. 44. (London : Association of 
Scientific Workers.) Is.

Other Countries
Proceedings of the United States National Museum. Vol. 94, No. 

3171 : Catalog of Human Crania in the United States National 
Museum Collections—Non-Eskimo People of the Northwest Coast, 
Alaska and Siberia. By Aleś Hrdlićka. Pp. 172. (Washington, D.C. : 
Government Printing Office.) [257

National Research Council: American Geophysical Union. Trans­
actions of 1942. P a r t i  : Reports and Papers, Jo in t Regional Meetings, 
Section of Hydrology (a) Dallas, Texas, (b) Pasadena, California. 
Pp. 172. 1.25 dollars. P a rt 2 : Twenty-third Annual Meeting, April
3 and 4,1942, Washington, D.C., Reports and Papers, General Assem­
blies and Sections of Geodesy, Seismology, Meteorology, Terrestrial 
Magnetism and Electricity, Oceanography, Volcanology, Hydrology 
and Tectonophysics. Pp. 173-740. 4.50 dollars. Transactions of 1943. 
P a rt 1 : Twenty-fourth Annual Meeting, April 23 and 24, 1943, 
Washington, D.C., Reports and Papers, General Assembly and Sections 
of Geodesy, Seismology, Meteorology, Terrestrial Magnetism and 
Electricity, Oceanography, Volcanology and Tectonophysics. Pp. 
332. 3.50 dollars. P a r t 2 : Twenty-fourth Annual Meeting, April 
23 and 24, 1943, Washington, D.C., Reports and Papers, Section of 
Hydrology. Pp. 333-784. 4 dollars. P a r t 3 : R eports and Papers, 
Jo in t Regional Meeting, Section of Hydrology, Western Snow-Con- 
ference, Corvallis, Oregon, June 16, 1943. Pp. 102. 1 dollar. (Wash­
ington , D .C .: National Academy of Sciences.) [257

Catalogues
X-Ray Darkroom Practice. Pp. 32. Ilford Lead Screens for Indus­

tria l Radiography. Pp. 6. (Ilford : Ilford, Ltd.)
Iodatol in Hysterosalpingography. Pp. 8 + 4  plates. Dienoestrol

B.D.H. Pp. 2. Thiouracil B.D.H. (2-Thio-6-oxypyrimidine). Pp. 2. 
(London : British Drug Houses, Ltd.)
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