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TELEVISION AFTER THE WAR

ON E  o f th e  m o st re m a rk a b le  ach iev em en ts  in  th e  
ap p lica tio n  o f science to  th e  ev ery d ay  life o f 

th e  co m m u n ity  w as th e  d ev e lo p m en t o f te lev ision  
be fo re  th e  W ar. T h e  first pu b lic  serv ice o f h igh- 
de fin k io n  te lev ision , in  G rea t B rita in  o r an y  o th e r  
co u n try , w as in a u g u ra te d  a t  th e  B ritish  B ro a d ­
ca stin g  C o rp o ra tio n ’s s ta tio n  a t  A lex an d ra  P a lace  in  
N o v em b er 1936. P r io r  to  th e  closing dow n o f th e  
s ta t io n  fo r m ili ta ry  reaso ns  in  S ep tem ber 1939, th e  
te lev isio n  service h a d  reac h ed  a  h ig h  s ta n d a rd  ; th e  
p ro g ram m e tec h n iq u e  h a d  m ad e  g re a t progress, a n d  
th e  re su lt  w as a  serv ice o f  co nsiderab le  e n te r ta in m e n t 
v a lu e . Som e tw e n ty  th o u sa n d  te lev ision  receivers 
w ere in  use b y  th e  g en era l pu b lic , a n d  a lth o u g h  th e  
serv ice  w as confined to  th e  L on do n  a rea , i t  is p ro b ­
ab le  t h a t  severa l h u n d re d  th o u sa n d  persons w ere 
m ore  o r less reg u la r  ‘v iew ers’ e ith e r  in  th e ir  ow n 
hom es o r elsew here. T hese a n d  m a n y  o th e rs  h a v e  
p ro b a b ly  been w ondering  fo r som e tim e  p a s t  ex ac tly  
w h a t a re  th e  p ro sp ec ts  o f te lev isio n  a f te r  th e  W ar, 
a n d  to  w h a t e x te n t th e  lead  w hich B rita in  e s ta b ­
lished  in  th is  field n e a r ly  te n  y ears  ago w ill be m a in ­
ta in e d  in  th e  fu tu re . T h ere  h a s  n a tu ra l ly  been  som e 
cause  fo r an x ie ty  in  th is  m a t te r ,  since th e  U n ited  
S ta te s  h a d  th e  a d v a n ta g e  o f m ore  th a n  tw o  y ea rs  o f 
co n tin u ed  d eve lo p m en t on  an  a lm o st peace-tim e 
basis  a f te r  th e  o u tb re a k  o f w a r in  E u ro p e  ; a n d  ev en  
to -d a y  th e re  a re  in  th e  U n ited  S ta te s  a  n u m b er o f 
te lev ision  tra n s m itt in g  s ta tio n s  in  op e ra tio n  on an  
ex p erim en ta l o r o th e r  basis.

A lth o u g h  fo r som e y ea rs  p a s t  th e  en tire  tech n ica l 
resources o f B rita in  h a v e  been  m obilized  fo r th e  
p rov ision  an d  o p e ra tio n  o f rad io  eq u ip m e n t req u ired  
fo r th e  co n d u c t o f th e  W ar, a  few  m em bers o f  th e  
in d u s try , G overnm ent e s tab lish m en ts  a n d  th e  B .B .C . 
h a v e  been  ab le  to  g ive som e th o u g h t to  m a tte rs  co n ­
cern ing  th e  fu tu re  o rg an iza tio n  o f a  te lev ision  service. 
F o r  ex am p le , a  p a p e r  e n ti t le d  “ A  S u rv ey  o f  th e  
P ro b lem  o f P o s t-w a r T elev ision”  w as re a d  b y  M r. 
B . J .  E d w ard s  before th e  R ad io  S ec tion  o f th e  
In s t i tu t io n  o f E lec trica l E ngineers, la s t y e a r  ; a n d  
th e  p a p e r, w ith  th e  ex ten s iv e  d iscussion  w h ich  fo l­
low ed i t ,  h a v e  rece n tly  been  p u b lish ed  in  th e  Jo u rn a l 
o f  th e  In s t i tu t io n  (91, P a r t  I I I ,  163 ; D ecem ber 
1944). T ech n ical d iscussions befo re  th e  sam e I n ­
s t i tu t io n  on m a tte rs  affec tin g  th e  im pro v em en t o f 
te lev ision  w ere also  h e ld  in  th e  p rev io u s  y e a r  (J . In s t .  
Elec. E n g ., 90, I I I ,  147 an d  91, I I I ,  11). M ore recen tly , 
M r. H . L . K irk e , o f th e  B .B .C ., h a s  g iven  a  d iscou rse  
on th e  su b jec t before th e  R o y a l In s t i tu t io n  ; a n  
a b s tr a c t  o f th is  will be fo u n d  on p . 621 o f th is  issue 
o f N a tu re .

I n  th e  m ean tim e , th e  T elev ision  C om m ittee , 
ap p o in te d  in  1943 u n d e r  th e  ch a irm an sh ip  o f L ord  
H a n k e y , h a s  com p le ted  its  d u tie s  ; a n d  i ts  re p o rt , 
issu ed  a  s h o r t tim e  ag o , p rov ides a  v e ry  carefu l an d  
a u th o r i ta t iv e  review  o f th e  w hole sub jec t* .

T h e T elev ision  C o m m ittee  was. ch arged  w ith  th e  
d u tie s  o f p rep a rin g  p lan s  fo r th e  re in s ta te m e n t o f th e

* R ep o rt o f  th e  Television Com m ittee. P p . 26. (London : H.M. S tationery  Office, 1945.) 6d . net.
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te lev ision  serv ice o f  G rea t B r ita in  a n d  i ts  ex ten sion  
to  th e  la rge r c e n tre s  o f  p o p u la tio n , a n d  o f co n ­
sidering  th e  p ro v is ion  to  b e  m ad e  fo r re sea rch  a n d  
deve lo p m en t a n d  th e  g u id ance  to  be g iv e n  to  m a n u ­
fac tu re rs , w ith  a  v iew  espec ially  to  th e  p ro m o tio n  o f 
th e  e x p o rt tra d e . T h e  re p o r t  opens w ith  a  reference 
to  th e  firs t T elev ision  C om m ittee  u n d e r  th e  ch a irm a n ­
sh ip  o f  th e  la te  L o rd  Selsdon, a n d  to  th e  in s ta lla tio n  
o f  th e  A lex an d ra  P a la ce  s ta tio n  a f te r  th e  re p o r t o f 
th is  co m m ittee  (Cm d. 4793) w as p u b lish ed  in  1935.

I t  is now  g en era lly  recognized  th a t  p a s t  research  
w ork  on  telev ision  co n tr ib u te d  v e ry  m a te r ia lly  to  th e  
successful a n d  ra p id  dev elo p m en t o f rad io lo ca tio n  ; 
b u t  th e  C om m ittee  finds th a t  w a r re sea rch  h a s  p ro ­
d uced  l i t t le  in fo rm atio n  a n d  no  d iscov ery  o f a  fu n d a ­
m e n ta l ch a ra c te r  bearin g  d irec tly  on te lev ision . W ar 
dem an d s a n d  a c tiv itie s  h a v e , how ever, g re a tly  
ex ten d e d  th e  tec h n iq u e  o f th e  rad io  eng ineer, a n d  
increased  th e  n u m b er o f sk illed  m en  a n d  w om en w ho 
w ill ev en tu a lly  be  av a ilab le  in  a ll  g rades fo r th e  w o rk  
o f  develop m en t, design  a n d  m a in ten an ce  o f te lev ision .

W ith  th e se  co nsidera tions in  m ind , th e  C o m m ittee ’s 
first a n d  fo rem ost reco m m en dation , w h ich  is s u p ­
p o r te d  b y  th e  m a jo r ity  o f th e  w itnesses fro m  w hom  
i t  received  in fo rm atio n  a n d  ad v ice , is t h a t  th e  p r e ­
w a r sy stem  o f te lev isio n  on  th e  basis  o f 405-line 
defin ition  sh ou ld  b e  re s ta r te d  in  L ond o n  (A lexandra  
P alace) a s  soon as  possib le a f te r  th e  cessa tion  o f 
ho stilities  in  E u ro p e . A n  ap p en d ix  to  th e  re p o r t  
gives a  d e sc rip tio n ’o f th is  L on do n  S ta tio n  an d  o f th e  
M arcon i-E .M .I. sy s tem  u sed  th e re  ; i t  is be lieved  th a t  
th e  serv ice could  be  re s to red  to  o p e ra tio n  w ith in  n in e  
to  tw elve  m o n th s  o f  th e  re lease  o f  th e  req u is ite  s ta ff. 
N e x t, w ith  th e  v iew  o f securing  a  fu ll dev e lo p m en t o f 
th e  te lev ision  in d u s try  a n d  m a k in g  a  la rg e r  sec tion  
o f  th e  p o p u la tio n  te lev ision -m inded , i t  is reco m ­
m end ed  th a t  an  ex ten sion  o f th e  ex istin g  sy stem  to  
th e  p rov in ces sh o u ld  be p la n n ed , e ssen tia lly  fo r th e  
d issem in a tio n  o f th e  sam e p rog ram m es ov e r a  la rge r 
a re a  o f  th e  c o u n try . T h ird ly , th e  C o m m ittee  reco m ­
m ends th a t  v igorous research  w ork  on  a  ra d ic a lly  
im pro v ed  sy stem  o f  te lev ision  shou ld  b eg in  im m ed i­
a te ly  s ta f f  can  be  m ad e  av a ilab le  ; a n d  th a t  th e  
o b jec tiv e  in  th is  case sh o u ld  b e  th e  c in em a s ta n d a rd  
o f  de fin ition  o f th e  o rd e r o f  1,000 lines  w ith , if 
p rac ticab le , th e  in tro d u c tio n  o f  co lour a n d  s te re o ­
scopic effects. T he  scope o f th e  e x ten s io n  o f th e  
ex istin g  sy s tem  to  p ro v in c ia l cen tres  sh o u ld  b e  k e p t  
u n d e r rev iew , so t h a t  an y  im p ro v em en ts , re su ltin g  
fro m  th e  research  w o rk  suggested , m a y  b e  in tro d u ced  
a s  e a rly  a s  possib le  to  th e  p u b lic  service.

H a v in g  s ta te d  in  th e  ab ov e  genera l m a n n e r  th e  
po licy  reco m m ended  b y  th e  C om m ittee  fo r  th e  p r o ­
v ision  a n d  develo p m en t o f a  p o s t-w a r service, th e  
re p o r t  th e n  p roceeds to  a  d iscussion  o f som e d e ta ils  
o f  th e  p lan s  req u ired  to  p u t  th e se  p ropo sa ls  in to  effect. 
I t  w ill be  n ecessa ry  to  o b ta in  ag reem en t w ith  th e  
v a riou s  in te re s ts  co ncerned  on  th e  a llo ca tio n  o f 
a p p ro p ria te  frequencies fo r te lev ision  tran sm issio n  
b o th  in  th e  im m e d ia te  a n d  m ore  d is ta n t  fu tu re . 
A ssocia ted  w ith  th is  p rob lem  is t h a t  o f  e lec trica l 
in te rfe ren ce , w h ich  to  a  co nsid erab le  e x te n t  h a m p ered  
o r re s tr ic te d  th e  successfu l re cep tio n  o f  p re -w a r 
te lev ision  p ro g ram m es. A s th e  p o te n tia l  sources o f

su ch  in te rfe ren ce  a re  lik e ly  to  be fa r  m o re  n um erous 
a f te r  th e  W ar, i t  is co nsid ered  to  b e  v i ta l  to  th e  
success o f  te lev ision  ' t h a t  th e  P o s tm aste r-G en era l 
sh o u ld  be  g ra n te d  th e  n ecessa ry  pow ers to  enforce 
su p p ress io n  o f  such  in te rfe ren ce .

O n th e  qu estio n  o f re sea rch , tw o  en tire ly  different 
co urses h a v e  been  co nsid ered , n e ith e r  o f w hich is 
co nsid ered  to  be like ly  to  le a d  to  th e  m o s t efficient 
a n d  econom ical p rogress. I t  h a s  b een  sug gested  th a t  
th e re  sh ou ld  b e  com plete  u n if ica tion  o f research  effort 
o f a ll in te re s te d  firm s in  th e  fo rm a tio n  o f a  research  
asso cia tio n  : a n d  a lte rn a tiv e ly , t h a t  th e  develo p m en t 
o f  a n  im pro v ed  sy s tem  sh o u ld  b e  le f t to  free  co m ­
p e tit io n  be tw een  la rg e  firm s, a p a r t  fro m  research  on 
c e rta in  fu n d a m e n ta l p rob lem s on rad io  w ave  p ro p a ­
g a tio n , w h ich  w o u ld  p ro b a b ly  b e  u n d e r ta k e n  in  a n y  
e v en t b y  G overnm ent in s titu tio n s . I n  p lace  o f th e se  
suggestion s, th e  C om m ittee  recom m ends th a t ,  w hile 
in d iv id u a l effort sh o u ld  receive a ll possib le en co u rag e­
m e n t, te lev ision  research  sh o u ld  b e  co -o rd in ated , w ith  
th e  co llab o ra tio n  o f a ll th e  in te re s ts  concerned . I t  is 
u n d e rs to o d  th a t  th e  G o vern m en t research  o rg an iza ­
t io n s  o f th e  D e p a rtm e n t o f  Scientific a n d  In d u s tr ia l  
R esea rch  w ould  b e  p re p a re d  to  a ss is t th e  in d u s try  in  
a n y  w ay  possib le  in  th e  d ev e lo p m en t o f  te lev ision . 
T h e B ritish  B ro ad castin g  C orp o ra tio n  w ill dou b tless  
b e  ab le  to  a ss ist co n sid erab ly  in  co -o rd in a tin g  effort 
in  th e  d eve lo p m en t o f an  im p ro v ed  sy stem , w hile th e  
P o s t  Office w ill assum e resp o n s ib ility  fo r  th e  o u t ­
s ta n d in g  prob lem s o f re lay in g  p ro g ram m es b y  cab le  
a n d  rad io  links. S ince th e  u l t im a te  a im  o f a ll in te r ­
e s ted  p a rtie s  is  th e  e s tab lish m en t o f th e  b e st te lev ision  
serv ice , a n d  as i t  is p ro b a b le  t h a t  on ly  one t r a n s ­
m it t in g  sy stem — as d is tin c t fro m  receiv ing  a p p a ra tu s  
— w ill be chosen  fo r th e  n ew  B ritish  serv ice , th e  
p rob lem  o f p a te n ts  becom es one o f specia l d ifficu lty . 
T h is  p ro b lem  ap p ea rs  to  b e  e ssen tia lly  one fo r th e  
in d u s try , a n d  i t  is reco m m en ded  th a t  th e  m a in  
m a n u fa c tu rin g  firm s sh o u ld  b e  encourag ed  to  poo l 
th e ir  te lev ision  p a te n ts  w ith  th e  v iew  o f  en su ring  
t h a t  th e y  a re  m ade  av a ila b le  fo r use as  th e  n a tio n a l 
in te re s t  m a y  dem an d .

T h e  C om m ittee  gave  specia l co n sid e ra tio n  to  th e  
item  in  i ts  te rm s  o f re ference  concerned  w ith  th e  
d ev e lo p m en t o f  th e  e x p o rt t r a d e , a n  a sp e c t o f te le ­
v is ion  to  w h ich  th e  in d u s try  ap p ea rs  to  b e  th o ro u g h ly  
a liv e . G eneral ag reem en t w as fo u n d  in  th e  fa c t t h a t  
th e  firs t s te p  in  th is  d irec tio n  is to  p o p u la rize  te le ­
v is ion  a t  hom e, since a  flou rish ing  hom e m a rk e t in  
su ita b le  rece ivers  is a n  essen tia l p re -req u is ite  o f a n  
e x p o rt tra d e . W hile  th e  in d u s try  i ts e lf  m u s t be 
resp on sib le  fo r th e  d ev e lo p m en t o f such  tra d e , it  
sh o u ld  keep  a  close w a tc h  on  p ossib ilities  a n d  p ro s ­
p e c ts  ; a n d  a rran g em en ts  sh o u ld  b e  m ad e  fo r th e  
G o v ern m en t to  be ad v ised  o f  d ev e lo p m en ts  in  th e  
te lev ision  sy stem  so t h a t  th e se  m a y  be -brought to  
th e  no tic e  o f  D o m inion  a n d  fo re ign  G o vernm ents. 
P a r t ly  in  th is  co nnex ion , th e  C o m m ittee  h a s  g iven  
m u ch  th o u g h t to  th e  q u e stio n  o f  b rin g in g  th e  B ritish  
te lev isio n  s ta n d a rd s  in to  line  w ith  th e  A m erican  
p re -w ar s ta n d a rd s  b a sed  on  525 lines p e r  p ic tu re . I t  
is im p lic it in  th e  reco m m en d a tio n s  a lre a d y  described  
to  re -es tab lish  th e  L on do n  s ta t io n  on i ts  p rev ious 
basis  o f 405 lines th a t  su ch  a  ch ange is consid ered  to
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be no t w o rth  w hile a t  th e  p re se n t tim e . I t  is u rg ed , 
how ever, t h a t  th e  ideal o f in te rn a tio n a l s ta n d a rd iz a ­
tio n  sho u ld  be k e p t  c o n s ta n tly  in  m in d , n o t  on ly  fo r 
th e  line a n d  p ic tu re  d e ta ils , b u t  also  fo r th e  b a n d s  o f 
frequencies o f rad io  c a rr ie r  w aves a llo ca ted  to  
television .

A n im p o rta n t sec tio n  o f th e  C o m m ittee ’s ad v ice  is 
co ncerned  w ith  th e  o rg an iza tio n  an d  a d m in is tra tio n  
o f  th e  te lev ision  serv ice  a n d  w ith  th e  financ ia l 
a rran g em en ts  inv o lved  th e re in . B efore th e  W ar, th e  
M inister responsib le  fo r te lev ision  on b e h a lf  o f  th e  
G o v ern m en t w as th e  P o s tm aste r-G en era l. T he  
q u estio n  o f fu tu re  a rran g em en ts  is p a r t  o f th e  w ider 
s u b jec t o f  th e  re la tio n s  b e tw een  th e  G o vern m en t a n d  
th e  B ritish  B ro ad ca stin g  C orp o ra tio n , w h ich  is a  
m a t te r  o u ts id e  th e  te rm s  o f reference o f th e  p re se n t 
C o m m ittee  ; i t  is sug gested , how ever, t h a t  th e  
M in ister respo nsib le  to  P a r lia m e n t fo r sou nd  b ro a d ­
ca stin g  sh o u ld  also  be responsib le  fo r te lev ision . I n  th e  
sam e w ay , i t  is co nsid ered  desirab le  t h a t  th e  B .B .C . 
sh o u ld  o p e ra te  th e  te lev ision  service, ow ing to  its  
close connex ion  w ith  so u n d  b ro ad cas tin g . A fte r  
m ak in g  e s tim a te s  o f th e  co st o f re -open ing  th e  
L on do n  serv ice  a n d  its  ex ten sio n  to  th e  p ro v in ces , it  
is reco m m en d ed  th a t  dom estic  te lev isio n  v iew ers 
sho u ld  be re q u ire d  to  h a v e  a  specia l licence a t  a  fee 
o f  £1 a  y e a r . I t  is a lso  su gg ested  th a t  a  c inem a 
te lev ision  licence m ig h t be  in tro d u ced  in  th e  fu tu re , 
a n d  th is  m ig h t becom e a n  im p o rta n t sou rce  o f 
revenue. T h e in te re s ts  concerned  h av e , how ever, 
in tim a te d  th a t  ex cep t possib ly  in  th e  case o f iso la ted  
ev en ts , th e y  w ill n o t desire  to  em b a rk  on th e  use  o f 
te lev ision  in  c inem as u n til  a  new  a n d  im p rov ed  
sy s tem  h a s  b een  a d o p ted . T he re p o r t also  re fe rs  to  
th e  po ss ib ility  t h a t  an  ap p rec iab le  a m o u n t o f rev enu e  
m ig h t be d e riv ed  fro m  th e  in a u g u ra tio n  o f sp on so red  
te lev ision  p rog ram m es w ith  a p p ro p ria te  ad v ertis in g  
m a te r ia l  p a id  fo r b y  com m ercia l in te re s ts . I t  is 
recognized th a t  th is  q u estio n  raises  w id er issues th a n  
p u re ly  f inanc ia l ones, a n d  i t  is fe lt to  be p re m a tu re  
to  com e to  a  co nclusion  th e re o n  a t  th e  p re sen t tim e .

M uch o f  th e  success o f th e  d ev e lo p m en t o f te le ­
v ision  before th e  W a r w as d u e  to  th e  a c tiv itie s  o f th e  
T elev ision  A d v iso ry  C om m ittee , w h ich  w as se t  u p  in  
acco rdan ce  w ith  th e  reco m m en d ation s  o f L o rd  
S elsdon’s C o m m ittee . T h e p re sen t C o m m ittee  e n ­
dorses th is  p ro ced u re  b y  recom m end ing  th a t  th e  
M inister responsib le  fo r b ro ad cas tin g  sho u ld  a p p o in t 
a  co rrespon d ing  co m m ittee  to  fulfil a  s im ila r pu rpo se , 
a t  a n y  r a te  u n t i l  th e  serv ice is m ore  o r less s tab iliz ed . 
I t  is su g gested  t h a t  th is  ad v iso ry  co m m ittee  shou ld  
inc lude  rep re sen ta tiv e s  o f th e  T reasu ry , th e  G eneral 
P o s t Office, th e  D e p a r tm e n t o f  Scientific a n d  I n d u s ­
t r ia l  R esea rch  a n d  th e  B ritish  B ro ad ca stin g  C or­
p o ra tio n  ; i ts  fu n c tio n  w o u ld  b e  g enera lly  to  ad v ise  
th e  responsib le  M in ister on  q uestio n s  o f m a jo r  po licy  
a n d  on  a n y  p rob lem s aris in g  from  th e  d ev e lo p m en t 
o f te lev ision  b o th  a t  hom e a n d  ab ro ad .

U n d er th e  g u id ance  o f  such  a  bo d y , w h ich  w ould  
ca re fu lly  co n sid er a ll phases o f th e  re p o r t  re ce n tly  
p u b lish ed  a n d , w h ere  necessary , en su re  t h a t  th e  
reco m m en d atio n s  a re  im p lem en ted  in  th e  m o s t 
ex p ed itio u s  a n d  efficient m a n n er, it  can  co nfid en tly  
be a n tic ip a te d  th a t  te lev isio n  w ill develop  on  so u n d

lin es  in  B rita in  a n d  m a in ta in  th e  p o s itio n  a n d  
p res tig e  w h ich  h a d  been  so w ell es tab lish ed  som e six  
y e a rs  ago. T h ere  is n o  d o u b t t h a t  te lev isio n  h a s  
com e to  s ta y , a n d  h a s  a lre a d y  reached  a  s ta g e  th a t  
g ives s a tis fa c to ry  resu lt s in  th e  h o m e . B rit ish  science, 
eng ineering  a n d  in d u s try , w o rk ing  in  co -o p era tio n  
w ith  th e  B .B .C . on th e  lines sug gested  in  th e  p re sen t 
r e p o r t ,  can  b e  t r u s te d  to  p ro d u ce  a n  im p rov ed  
sy s tem  w hich  w ill c o n tr ib u te  w o rth ily  to  th e  progress 
o f a n  a r t  th e  significance o f w h ich  fo r in te rn a tio n a l 
u n d e rs ta n d in g  can  even now  scarce ly  be ex ag g e ra ted .

THE MOTOR AREA OF THE BRAIN
The Precentral M otor C o rte x
B y  C harles D . A ring , P e rc iv a l B ailey , G e rh a rd t von  
B on in , P a u l C. B ucy , C harles D avison , T heod ore  C. 
E rickson , J o h n  F . F u lto n , M arion H ines, M arg are t 
A. K e n n ard , P a u l M. L ev in , W arren  S. M cCulloch, 
J a m e s  L. O ’L eary , W ilbu r K . S m ith , S a rah  S. Tow er, 
A. E a r l  W alker. E d ite d  b y  P a u l C. B ucy . (Illin o is  
M onographs in  th e  M edical Sciences, Vol. 4, N os. 1—4.) 
P p . x iv - f  605. (U rb an a , 111. : U n iv e rs ity  o f Illin o is  
P ress, 1944.) 4.50 dollars.

T H E  opening pages o f th is  book  are  a  sh a rp  
rem inder o f th e  m isfo rtunes o f E u rop e . I t  is 

d e d ica te d  to  O tfr id  F o e rs te r, th e  g rea t neuro-surgeon  
o f B reslau , a n d  th e  forew ord b y  J o h n  F u lto n  recalls 
th e  w ork  o f D usser d e  B aren n e  a t  U tre c h t. D u sser 
de  B aren ne left U tre c h t fo r Y a le  in  1930, a n d  th e  
m ain  developm ent o f h is  new  m e tho ds to o k  place 
th e re . B u t to  m a n y  m em bers o f th e  P hy sio lo g ical 
S ociety  h is  n am e w ill recall th e ir  v is it  to  H o llan d  in  
1925, w here th e y  saw  E in th o v en  a t  L eyden  w ith  h is  
s tr in g  ga lvano m eters , D usser de B arenne , Z w aarde- 
m ak er a n d  de K le ijn  a t  U tre c h t, a n d  M agnus w ith  
h is  te a m  of neuro log ists  in  th e  o ld  p lague h o sp ita l o f 
th e  tow n . T h ey  w ill rem em b er th e  cheerful an d  
a lm o st overw helm ing h o sp ita li ty  o f th e ir  D u tch  
colleagues, th e  fine b u ild ings an d  th e  prosperou s 
coun tryside .

T h e p recen tra l m o to r  co rtex  c e rta in ly  deserves a  
vo lum e to  itself, fo r m o st o f o u r know ledge o f th e  
b ra in  has been derived  from  its  s tu d y . W hen  F r its c h  
a n d  H itz ig  fou nd  in  1870 th a t  e lec trica l s tim u la tio n  
o f th is  p a r t  o f th e  ce reb rum  w ould  p roduce localized 
m ov em en t o f th e  lim bs, a n  en tire ly  new  c h a p te r  o f 
ce rebral phy sio logy  w as opened. I t  becam e possib le  
to  tra c e  th e  p a th w ay s  o f co n du c tion , to  m a p  th e  
ex c itab le  a rea s  in  d iffe ren t an im als , a n d  to  an alyse  
th e  m ovem ents  caused  b y  s tim u la tio n . N o o th e r  p a r t  
o f th e  b ra in  surface could  y ie ld  such  a  rich  h a rv e st, 
fo r in  no  o th e r  p a r t  w ould  e lectrical s tim u la tio n  g ive 
such  obv ious resu lts . T h e  m ap s h ave  becom e m ore 
a n d  m ore de ta iled , w ith  th e  inclusion o f th e  a n th ro ­
p o id  apes a n d  o f m a n  in th e  series, a n d  th e  m e th o d  
now  seem s to  be reach in g  th e  l im it o f i ts  usefulness. 
In d irec tly , how ever, th e re  is no  field o f research  on 
cerebra l localization  w hich  is n o t de riv ed  from, th ese  
ea rly  s tu d ies  o f th e  m o to r  area .

O tfr id  F o e rs te r  w as th e  f irs t to  m ake ex ten s iv e  use 
o f e lec trica l s tim u la tio n  o f th e  h u m an  b ra in  in  th e  
course o f n eu ro -su rg ica l o pe ra tio n s . D u sser de 
B aren n e  in tro d u ced  th e  use  o f s try c h n in e  in s tead  o f 
th e  electric  cu rren t to  s tim u la te  th e  cerebra l n e rve  
cells. H e  em ployed  i t  o rig in a lly  in  in v estig a tio n s  o f 
th e  sensory  area , ap p ly in g  i t  locally  to  th e  co rtex  a n d
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ju d g in g  th e  re su lts  b y  th e  d is tu rb an ce  o f sensation  
w hich i t  seem ed to  induce. T h e resu lts  woro s trik ing , 
b u t  i t  w as no t u n til  he began to  reco rd  th e  electrical 
a c tiv ity  o f th e  co rtex  th a t  th e  full possib ilities were 
ev id en t. S try ch n ine  is a  co n v u lsan t d rug  w hich 
produces an  explosive d ischarge o f th e  n erve  cells, 
an d  th is  gives rise  to  ch arac te ris tic  e lec trica l a c tiv ity  
w herever th e  axons o f these  cells a re  to  be found  in 
sufficient num bers. T hus th e  axons lead ing  from  an y  
point on  th e  co rtex  can  be followed to  th e ir  d e s tin a ­
tio n  by  ap p ly ing  stry ch n in e  to  th e  p o in t an d  finding 
w h a t o th e r regions g ive th e  large ‘stry ch n in e  sp ik es’ 
in  an  oscillograph record . W e h av e  the re fo re  a  new  
a n d  ve ry  effective w ay  o f trac in g  th e  in tr ic a te  p a th ­
w ays from  cell g ro up  to  cell g roup  in  th e  cerebral 
co rtex  as  well as  th o se  betw een  th e  co rtex  an d  o th e r 
p a r ts  o f th e  n ervous system . I n  th is  volum e th e  
ap p lica tio n  o f th e  m e th o d  to  th e  s tu d y  o f th e  p re ­
cen tra l a rea  is described  b y  W arren  M cCulloch, who 
h as w orked in  close co llaboratio n  w ith  D usser de 
B aren ne am i is now  th e  ch ief ex p o n en t o f h is ideas.

T his is th e  m o st recen t m e th o d  o f tra c in g  cerebral 
co n n ex io n s; b u t  th e  s tu d y  o f th e  m o to r a rea  has p ro ­
gressed on m an y  o th e r  lines. To deal w ith  th em  th e  
ed ito r has assem bled a  tea m  of neuro log ists, each  of 
w hom  is an  ex p e rt in  h is or h e r field (for S arah  Tow er, 
M arion H in es a n d  M argaret K e n n a rd  have c o n tr i­
b u te d  som e o f th e  m o st in te re s tin g  ch ap te rs). The 
s tru c tu re , p a tho logy , som atic  an d  au to no m ic  fun c­
tio n s  a re  all d ea lt w ith , an d  th e  ed ito r describes th e  
resu lts  o f h is ow n opera tio ns  on th e  m o to r a rea  in 
m an . •

T he volum e gives a  clear su rv ey  o f w ork  w hich is 
rap id ly  filling in  th e  b lan k  spaces a n d  g iv ing  fresh 
d e ta il to  th e  neu ro lo g is t’s p ic tu re  o f th is  p a r t  o f th e  
b ra in . I t  m ay  be th a t  th e  p ic tu re  w h en  com pleted  
w ill n o t  be m u ch  m ore th a n  an  e lab o ra te  ra ilw ay  
gu ide w ith  all i ts  m ap s an d  tim e-tab les , an d  we m ay 
n o t be m uch  n e a re r  to  an  u n d e rs ta n d in g  o f th e  w ay 
in  w hich th e  re s t o f th e  b ra in  m akes use o f its  m o to r 
area . B u t th is  cou ld  be sa id  o f m o st neuro logical 
research  now adays. I t  does n o t  m ake th e  p ic tu re  less 
necessary , a n d  i t  does n o t lessen our g ra titu d e  to  th e  
ed ito r an d  to  th e  U n iv e rs ity  o f Illino is  for such  a  
v a lu ab le  m onograph . E . D . A d r i a n .

RUSSIAN APPRECIATION OF THE 
NEW TON TRICENTENARY

Isaac Newton. 1643-1727
T he T h ird  C en ten ary  o f h is B irth d ay . Sym posium  
ed ited  b y  S. I . W aw ilow . P p . 437. (M oscow an d  
L en ing rad  : A cadem y o f Sciences o f th e  U .S .S .R .,
1943.) 25 roubles.

TH IS  book, co n ta in in g  e igh teen  a rtic le s, each con­
cerned  w ith  a  d ifferen t asp ec t o f N ew to n ’s w ork  
o r influence, is a n  im p o rta n t co n trib u tio n  to  ‘New- 
to n ia n a ’. B eing w r itte n  in R ussian , i t  is n o t easily  

accessible to  E n g lish  readers. T he n a tu re  o f these  
a rtic le s  an d  th e ir  to ta l  bu lk  m ake i t  im possib le in 
a  review  to  do m ore th a n  lis t a n d  classify  th em , an d  
to  in d ica te  som e o f th e  m ore in te re s tin g  or o u t­
s tan d in g  featu res.

F irs t ,  how ever, th e  t i t le  “ Isaac  N ew ton . 1643- 
1727” calls for com m ent. T h e d a te  1643 is based  on 
th e  new  or G regorian  C alendar w h ich  w as in trod u ced  
in to  E n g lan d  in  1752, tw en ty -five  y ears  a f te r  N ew ­

to n ’s d e a th . A ccording to  th e  o ld  or J u lia n  C alendar, 
N ew ton  w as born  on D ecem ber 25, 1642.

T h e collection is ed ited  b y  S. I . W awilow , a  g rea t 
a u th o r ity  on  N ew ton  in  th e  U .S .S .R . H e  has recen tly  
p ub lish ed  a  book on N ew to n  an d  tra n s la te d  h is 
"O p tic s” in to  R ussian . A  ch arac te ris tic  com m on to  
all th e  artic les in  th e  sym posium  is th e  pro foun d  
ad m ira tio n  for a n d  u n d e rs ta n d in g  o f N ew to n ’s w ork 
show n by  th e  co n trib u to rs . B u t th e  artic les a re  n o t 
confined to  eulogism s or to  th e  g iv ing  o f in form ation . 
E ach  is a  s tu d y  in c ritic ism  an d  in te rp re ta tio n .

Som e o f th e  a rtic les, p a rtic u la rly  th o se  dealing  w ith  
th e  p rogress o f N ew ton ian  ph ilo sophy  in  R ussia  an d  
w ith  N ew to n 's  influence on th e  developm ent o f 
E u rop ean  th o u g h t, 'w o u ld  be o f a  p a rtic u la r  in te re s t 
to  an  E nglish  reader. Such is th e  a rtic le  b y  T . P. 
K rav e tz , in  w hich he trace s  th e  progress o f N ew to n ’s 
view s in R ussia . In  th e  m inu tes  o f a  m eeting  o f th e  
new ly  founded  R u ssian  A cadem y o f Sciences held  
on N ovem b er 13, 1725 ( th e  firs t to  be recorded) is 
a n  accou n t of a  d isp u ta tio n  held  a b o u t N ew to n ’s 
w ork  on th e  figure o f th e  e a rth . D u rin g  th e  following 
y e a r th e re  were pub lic  lec tu res d ev o ted  to  th e  e x ­
p ositio n  o f th e  n a tu ra l  ph ilo so ph y  o f N ew ton . F ro m  
th is  d a te  N ew ton ian  m a th em a tica l m e tho ds w ere 
ta k e n  over an d  developed b y  such  o u ts tan d in g  
m a th em a tic ian s  as  L . E u le r  a n d  th e  b ro th e rs  D aniel 
a n d  N icholas B ernoulli, a t  t h a t  tim e  a t ta c h e d  to  th e  
R u ssian  A cadem y. A t a  s lig h tly  la te r  d a te  th e  first 
o u ts ta n d in g  R ussian  m an  o f science, INI. V. L om onosov 
(1711-65), w as influenced in  som e degree b y  N ew to n ; 
b u t  th e  g rea te s t develop m ent to o k  place in  th e  n in e ­
te e n th  c e n tu ry  w hen N ew to n ’s view s passed  in to  th e  
m a in  s tre am  of E u ro p ea n  scientific th o u g h t. I t  is 
in te re s tin g  to  n o te  th a t  D. I. M endeleev w as g rea tly  
influenced by  N ew ton  an d  even  called h is  h y p o ­
th e tic a l p ro to -e lem en t ‘n e w to n iu m ’. A  new  phase  of 
N ew ton ian  s tu d y  began  d u rin g  th e  p resen t cen tu ry , 
especially  a fte r  th e  ap p earan ce  o f an  excellen t 
R u ssian  tra n s la tio n  o f th e  “ P rin c ip ia” by  A. N . 
K ry lo v  in  1916 an d  "O p tic s” b y  S. I. W aw ilow  in 
1927. T h e accoun t o f th e  p rogress o f N ew ton ian  
s tu d ies  in  R u ssia  is co n tin u ed  in  th e  a rtic le  by  T. I . 
R a ino v , in  w hich th e  a u th o r  deals m a in ly  w ith  ce r­
ta in  aspec ts  o f scientific w o rk  o f M. V. Lom onosov, 
D . I . M endeleev an d  A. N . K ry lo v , an d  traces  th e  
develop m en t o f th e  m ech an istic  in te rp re ta tio n  o f 
n a tu ra l  phenom ena. T he influence o f N ew ton ian  
ph ilo so phy  on F ren ch  th o u g h t, an d  especially  th e  
conflict be tw een  th e  C artesians a n d  th e  N ew ton ians, 
is v e ry  ab ly  d iscussed b y  A. D . L iub linska ia . T ak ing  
a  w id er view , A. INI. D eb o rin  trace s  th e  influence o f 
N ew ton ian  ideas on th e  develop m ent o f E u ro p ean  
ph ilo so phy  an d  cu ltu re  in  re la tio n  to  th e  changing  
social b ackgroun d . T he  im p o rta n t position  o f K a n t  
as  th e  tran sfo rm er o f th e  N ew ton ian  s tru c tu ra l  
schem e in to  a  genetic schem e is em phasized , an d  th is  
is linked  u p  w ith  th e  ev o lu tio n a ry  id ea  w hich becam e 
so p ro m in en t in  th e  n in e teen th  cen tu ry .

T h e artic les  dealing  w ith  th e  scientific aspec ts  o f 
N ew to n ’s w ork  a re  p ro b a b ly  th e  m ost im p o rta n t in 
th is  sym posium , b u t  only  a  lis t o f th e ir  title s  can  be 
g iven  in  th is  review . T h ey  a re  as  follows : A. N . 
K ry lo v , Sir Isaac  N ew ton  an d  his role in  science ; 
S. I . W aw ilow , e th e r, lig h t an d  m a tte r  in  N ew to n ’s 
physics ; G. G. S liussarev , N e w to n ’s w orks on geo­
m etric a l op tics  ; I . A. K h v o s tik o v , N ew ton  an d  th e  
d evelop m en t o f th e  th e o ry  o f re frac tio n  o f lig h t in 
th e  a tm o sp h ere  ; N . I . Idelson , th e  law  o f un iv ersa l 
g ra v ita tio n  an d  th e  th e o ry  o f th e  m o tio n  o f th e  m oon ; 
L . N . S reten sk y , N ew to n ’s th e o ry  o f tid e s  an d  th e
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figure o f th e  e a r th  ; A. D . D ubiago , th e  com ets a n d  
th e ir  significance in  th e  genera l sy stem  o f N e w to n ’s 
“ P rin c ip ia” . T h e  sam e, u n fo rtu n a te ly , m u s t be done 
fo r th e  m a th em a tica l artic les, w h ich  a re  as  follow s : 
N . N . L uzin , N e w to n ’s th e o ry  o f lim its  ; S. Y . L u ria , 
N ew to n ’s fo re ru n n e rs  in  th e  ph ilo so p hy  o f th e  
in f in ite s im a ls ; N . G. T schebo tarow , N e w to n ’s 
po lygon  a n d  i ts  ro le  in  th e  p resen t deve lo p m en t o f 
m a th e m a tic s ; M. V. K irp ichev , N ew ton  a n d  th e  
th e o ry  o f s im ila rity .

F ina lly , th e re  a re  th re e  artic les, w hich c a n n o t be 
classified w ith  th e  o th e rs . One, b y  P . M. D u lsky , 
is on  th e  ex istin g  p o r tra its  o f N ew ton . A n o th er, b y  
S. Y . L u ria , on  N ew to n  as a n  h is to rian  o f a n tiq u ity , 
is a  m o st in te re s tin g  a rtic le  g iv in g  a  de ta iled  accou n t 
o f N ew to n ’s w o rk  on ch ronology a n d  c ritic ism  o f th e  
Scrip tu res, a n d  d iscussing th e  im p o rtan ce  o f  th is  
w ork  in  th e  deve lo p m en t o f h is to rica l science. F in a lly , 
th e re  is a  v e ry  v iv id  acco un t b y  E . Ch. S k rjin sk a ia  
o f N ew to n ’s life a n d  w o rk  in  C am bridge. T h e a u th o r  
d u ly  reco rd s th e  influence o f B arro w ’s teach in g  on 
th e  develop m en t o f N ew to n ’s th o u g h t, a n d  a f te r  
d iscussing th e  C am bridge en v iro nm en t, ra ises th e  
questio n  : H o w  m u ch  d id  C am bridge c o n tr ib u te  to  
N ew to n ’s dev elop m en t ? T his questio n , she suggests, 
shou ld  rea lly  be  in v e rte d  an d  p u t  th is  w ay  : H ow  
m uch  d id  N ew to n  co n trib u te  to  th e  develop m ent o f 
C am bridge ? “ T he an sw er is se lf -e v id e n t: N ew ton  
b ro u g h t to  th e  U n iv e rs ity  th e  g lo ry  o f being  th e  
g re a te s t scientific cen tre , N ew ton  ra ised  th e  U n iv e r­
s i ty  to  a n  u n p re ced en ta l h e ig h t o f scientific ach iev e­
m e n t b y  th e  m ere  fa c t t h a t  h e  w as th e re— a  s tu d e n t, 
a  fellow  o f  one o f  i ts  Colleges a n d  its  professor. 
F ina lly , i t  w as fro m  th is  C am bridge re tre a t  t h a t  th e  
w orld  received  th e  g re a te s t ach ievem en t o f h u m an  
th o u g h t, i t  w as he re  indeed  th a t  in  a  m od est ro o m  o f 
T rin ity  w as w rit te n  th e  ‘M ath em atica l P rinc ip les  o f 
N a tu ra l P h ilo so p h y ’. T he w ords o f i ts  a u th o r  flared  
up  w ith  such  b rillian t lig h t t h a t  even now , tw o  an d  
a  h a lf  cen tu ries  a f te r  N ew to n  w as associa ted  w ith  
C am bridge, th is  U n iv e rs ity  h a s  n e ith e r  lo st n o r 
d im in ished  i ts  b rillian t re p u ta tio n — th e  source o f 
g re a t an d  p rogressive ideas in  n a tu ra l science an d  
m a th em a tic s .”  S. I .  T o m k e ie f f .

A THEORY OF TELEPATHY
Telepathy
A n O u tline o f i ts  F a c ts , T h eo ry  a n d  Im plica tions. 
B y  W h a te ly  C aring ton . P p . x iii-|-176. (L o n d o n : 
M ethuen  a n d  Co., L td .,  1945.) 12s. 6d. n e t.

T H E  tim e ly  ap pearan ce  o f  th is  vo lum e is an  
in d ica tio n  th a t  th e  m ore serious am ong  ex p eri­
m en ta l psych ical researchers a re  beg inn ing  to  feel th e  

necessity  o f fittin g  th e  fac ts  th e y  h av e  so fa r  am assed  
on te le p a th y  in to  a  th e o ry  w hich  m a y  a t  le a s t be 
capab le  o f s tim u la tin g  fu r th e r  th o u g h t, i f  n o t  o f 
ex p lain ing  som e o f th e  fac ts  w h ich  seem  to  th e m  
ind ispu tab le .

M r. W h a te ly  C aring ton  sets o u t b y  briefly  su m ­
m ariz ing  th e  resu lts  o f earlie r e x p e r im e n ts ; an d  
show s how  d evelop m en t h a s  proceeded in  a  d irec tion  
in  w hich s ta tis t ic a l  analysis  h a s  p lay ed  an  increasing 
an d  im p o rta n t p a r t .  H e  th e n  passes on to  a  co n­
s id era tio n  o f th e  ob jec tion s an d  resistances w hich 
h av e  been en co un tered  ; a lth o u g h  in th is  section  he 
seem s ra th e r  to o  m uch  inclined to  a t t r ib u te  th e  
h e sitan cy  o f scientific m en  to  accep t th e  findings o f 
h im se lf a n d  o th e rs  to  “ a  fear o f finding som eth ing

th e y  can n o t ex p la in  aw ay ” (p. 42), o r to  a  h a u n tin g  
fear th a t  th e  fac ts , i f  confirm ed, m ig h t “w eaken  th e  
s ta tu s  o f C ausality  a n d  L aw ” (p. 44).

I t  is  in  P a r t  2 o f h is  book, how ever, t h a t  th e  a u th o r  
em b arks  on  h is th eo re tica l tre a tm e n t, w h ich  m u s t 
p rov e  o f considerab le  in te re s t b o th  to  psychologists 
a n d  philosophers. B riefly  s ta te d , M r. C arin g ton ’s 
v iew  o f th e  m in d  seem s to  ap p ro ach  th a t  he ld  b y  
B e r tra n d  R ussell, a n d  lies in  th e  d irec tion  o f a  th e o ry  
th a t  th e  ‘m in d ’ consists solely o f sensa an d  im ages, 
w h ich  a re  “rea l en tities  ex isting  in  th e ir  ow n r ig h t” . 
T hese c o n stitu en ts  h e  calls ‘p sych ons’ ; a n d  each 
m in d  consists o f c lu sters  o f th e se  psychons g a th e red  
a ro u n d  ce rta in  n u c le i ; th e  m oods, e tc ., w ith in  each  
in d iv idu a l m in d  being  considered as  sm aller an d  
w eaker c lu sters g rouped  a ro u n d  o th e r nuclei. T hus 
in  M r. C aring ton’s view  th e  m in d  is rea lly  a  k in d  o f 
sy s tem  o f psychons h e ld  to g e th e r  b y  associa tiv e  
linkages ; a n d  i t  is in  th is  idea  o f association t h a t  he 
sees a  fru itfu l th e o ry  develop ing, w hich, he th in k s, 
w ill go fa r  to  ex p la in  such  ph enom ena as  te le p a th y , 
ex tra -senso ry  percep tion , an d  so fo rth .

T he basic p rincip les o f th is  law  o f associatio n  are  
easy  to  g rasp  an d , a s  M r. C aring to n  says, h a v e  th e  
m e rit  o f s im p lic ity  a s  well as  o f close connexions 
w ith  psychological processes a lrea d y  fa ir ly  well 
know n. T h us if  tw o  ideas, A  a n d  B ,  a re  p resen ted  
to g e th er, o r in  close succession, to  a n y  m in d  an d  
la te r  one is re-p resen ted , th e n  th e  o th e r  is m ore 
lik e ly  to  accom p any  o r follow i t  th a n  i f  th e y  h ad  
n o t been so p rev iously  p resen ted . I n  te le p a th y , an  
id ea  A  m a y  be associa ted  w ith  an  idea K  in  th e  
m in d  o f th e  ex p erim en ter o r a g e n t : th e n , i f  K  is 
p resen ted  to  th e  p e rc ip ien t’s m ind , A  is m ore likely  
to  com e in to  i t  th a n  i t  w ould  be if  A  h a d  n o t  been 
associa ted  w ith  K  in  th e  m ind  o f th e  ag en t.

I n  h is acco un t o f h is  th eo ry , M r. C aring ton  shows 
how  m a n y  o f th e  fac ts  becom e m ore easily  explicab le  
i f  i t  be  used, a n d  how  la te r  research  m a y  am p lify  
a n d  m od ify  h is  basic  concep tion  o f it. N evertheless, 
h e  does n o t h e s ita te  to  discuss such  prob lem s as 
su rv iv a l in  th e  lig h t o f h is  ideas reg a rd in g  th e  
s ta b ili ty  o f th e  psychon system s u n d er p o st-m o rtem  
conditions. R ecognizing th a t  such  system s m ig h t be 
im ag ined  as  p e rs is ting  a f te r  th e  d e a th  o f th e  body, 
h e  sees v e ry  clearly  th a t  th e  prob lem  of th e ir  s ta b ili ty  
is crucial. W h a t gu a ran tee , h e  asks, h av e  w e th a t  
th e y  will s tick  to g e th e r  an d  n o t d is in teg ra te  w hen 
th e  influx o f sensory  stim u li ceases ? T h e  questio n  
o f th e  b rea k ab ility  o r o therw ise o f th e  links in  each  
psychon  system  m u s t d e te rm in e  th e  su rv iv a l o r d is ­
in te g ra tio n  o f each p e rso n a lity  a f te r  d e a th . T o s u p ­
pose such  b re a k ab ility  to  be a  fac t w ould , M r. 
C aring ton  insists, b e  a  concep tion  “m uch  too  m a te ria l 
a n d  q u ite  illeg itim ate” , an d , m oreover, co n tra ry  to  
ev e ry  ind ication . Y e t th is  w as precisely  th e  su g ­
gestion  p u t  fo rw ard  fo rty -one years  ago b y  D r. 
W a lte r  L ea f w hen review ing Mr. W . H . M yers’ g re a t 
w ork  on “H u m an  P erso n a lity ” . M uch o f th e  ev idence 
fro m  tran c e  m ed ium sh ip  suggests it .  D r. L ea f 
p o s tu la te d  th e  ex istence  o f su rv iv in g  ‘m em ory  
g ro u p s’ und ergoing  a  slow  process o f d isso lu tion  ; 
an d  indeed he declares th a t ,  ju dg in g  from  th e  h is to ry  
o f th e  variou s m ed ium istic  tran c e  pe rsona lities, th e ir  
m e n ta l a t t i tu d e  “ seem s d is tin c tly  to  p o in t to  th e  
c lu ste r o f m em ories d is in teg ra tin g — full o f  th e  gaps 
a n d  vaguenesses w hich we should  ex pec t to  find  as 
th e  fo rerunners  o f u lt im a te  d isso lu tion” .

H ow ever th is  m a y  be, th e  p resen t co n trib u tio n  to  
th eo ry , as  a p a r t  from  m ere p resen ta tio n  o f  ex p eri­
m e n ta l d a ta , is to  b e  w elcom ed ; an d  dou b tless  will
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n o t  o n ly  ex c ite  m u c h  c o n tro v e rsy  a m o n g  th o se  a t  
p re se n t in  th e  field , b u t  a lso  s t im u la te  o th e rs  to  ta k e  
a  m o re  serio u s v iew  o f w h a t  is  o n e  o f  th e  m o s t 
e x c itin g  a n d  in tr ig u in g  p ro b le m s  in v o lv in g , a s  i t  
does, p sy ch o lo g ica l, p h ilo so p h ica l a n d  re lig io u s 
sp ec u la tio n . E . J .  D in g w a l l .

AMERICA’S MINORITY PROBLEM
The Navaho Door
A n In tro d u c tio n  to  N av ah o  L ife. B y  A lexand er H . 
L e igh to n  an d  D o ro th ea  C. L eigh ton . P p . x v iii+ 1 4 9  
+  36 p la te s . (C am bridge, M ass. : H a rv a rd  U n iv e rs ity  
P r e s s ; L o n d o n : O xford  U n iv e rs ity  P ress, 1944.) 
22s. 6d. n e t.

DR S. A. H . a n d  D . C. L E IG H T O N  are  deep ly  
concerned th a t  th e  U n ite d  S ta te s  m a y  be tru ly  

p rep a red  to  p la y  th e  g rea t p a r t  w h ich  she in e v itab ly  
m u s t in  b u ild in g  in te rn a tio n a l peace, a n d  th e y  see 

c learly  th a t  th is  p rep a ra tio n  m u s t beg in  a t  hom e. 
“W e ca n n o t hope to  be on p ro p e r te rm s  w ith  R ussians, 
A rgen tin ian s, P e ru v ian s , B ritish  a n d  Chinese, i f  we 
a re  u n ab le  to  u n d e rs ta n d  th e  cu ltu ra l g ro up s  w ho are  
m uch  m ore easily  w ith in  th e  rang e  o f ou r co m pre­
h en sio n .”  B y  a  h a p p y  chance, th e  N av ah o  In d ian s , 
w hose rese rv a tio n  lies in  th e  S ta te s  o f A rizona, U ta h  
an d  N ew  M exico, cam e to  th e ir  a tte n tio n , a n d  th e y  
decided  to  live a n d  w o rk  am ong  th em , a n d  t r y  to  see 
th in g s  th ro u g h  N av ah o  eyes. T h is  book  is a  m easu re  
o f th e ir  success, a n d  is a  n o ta b le  c o n trib u tio n  to  th e  
sy m p a th e tic  u n d e rs ta n d in g  a n d  fa ir  t r e a tm e n t o f th e  
In d ia n . “ I t  w as obv ious th a t  w e could  n o t  s tu d y  all 
th e  w orld , b u t  w e could  s tu d y  th e  N a v a h o s ,”  an d  
th e y  d id  so in  th e  hope th a t  th e  p rincip les  w hich th e y  
le a rn t m ig h t h av e  an  ap p lica tio n  to  a  m uch  w ider 
circle. I t  is n a tu ra l ,  in  a  book  w r itte n  b y  physic ians, 
th a t  m uch  space sho u ld  be dev o ted  to  m edicine , b u t 
th is , n o t  less th a n  th e  rem a in d er o f th e  book , w ill be 
o f v a lue  to  th e  an th ro p o lo g ist a n d  o f in te re s t to  th e  
genera l read er.

Ow ing to  th e  acc iden ts  o f h is to ry , th e re  cam e a  
tim e  in  th e  n in e te e n th  c e n tu ry  w hen th e  N avaho s 
w ere o u tc as ts  a n d  ev ery  m a n ’s h a n d  w as ag a in s t 
th em . F in a lly  th e y  cam e to  te rm s w ith  th e  U .S. 
G o vernm en t, w h ich  es tab lished  th e m  on th e ir  
re se rv a tio n  a n d  p u t  th e m  u n d e r th e  en lig h ten ed  
ad m in is tra tio n  o f  th e  In d ia n  Service ; b u t  even th e n  
th e ir  tro ub les  w ere n o t  ended. T here  are  a lw ays 
w h ite  m en w ho a re  read y  to  ta k e  th e  In d ia n ’s lan d  
a n d  ex p lo it h is  lab o u r, excusing them se lves on som e 
fair-sou nd ing  p re te x t, a n d  th e  G overnm en t has n o t 
co n sis ten tly  se t i ts  face ag a in s t p o litic a l p ressure 
designed to  th is  end. T he dan ger is n o t  p a s t,  a n d  to  
co u n te rac t i t  is  one o f th e  ob jec ts  o f th e  book.

T he m o st illu m in a tin g  p a r ts  o f th e  ch ap te rs  on 
m ed ical t r e a tm e n t a n d  ed u ca tio n  are  th e  specim en 
speech on h e a lth  a n d  th e  exam ples o f in te rv iew s w ith  
In d ia n s  suffering fro m  v a rio u s  diseases, w hich give 
a n  in s ig h t in to  th e  w ay  in  w h ich  th e  m ed ical m a n  
m u s t ap p ro ach  th e se  m a tte rs  i f  he is to  g e t an y  
response from  h is  p a tie n ts . G rea t em phasis  is la id  
th ro u g h o u t on  th e  he lp  w h ich  can  be g o t fro m  n a tiv e  
re lig ion  a n d  th e  m e th o d s  o f tre a tm e n t w h ich  a re  so 
in tim a te ly  b o u n d  u p  w ith  it .  One ch a p te r  is d evo ted  
to  th e  life-sto ries o f th ree  N av aho s, to ld  as  n e a rly  as  
possib le in  th e ir  ow n w ords. T he rem ain ing  chap ters , 
on  h is to ry , en v iro nm en t a n d  society , re lig ion , th e  
In d ia n  Service, a n d  fu tu re  p rospec ts, a re  in fo rm ativ e  
an d  sufficient to  g ive a  back g ro un d  to  th e  m a in  p u r ­

pose o f th e  book  ; b u t  an th ro p o lo g ists  m u s t n o t expect 
fu ll an d  d e ta iled  d e sc rip tio n s  o f cu stom s an d  m a te ria l 
cu ltu re  like , fo r exam ple , th e  w o rk s o f L eslie W h ite  on 
th e  P ueblos. T he p ro d u c tio n  o f  th e  book  leaves 
n o th in g  to  be d e s ire d ; th e  illu s tra tio n s  a re  superb .

In  sp ite  o f th e  p o v e r ty  o f m u ch  o f th e  lan d  on th e ir  
re se rv a tio n  an d  th e  u n c e r ta in ty  o f th e  h a rv e sts , th e  
N av ah o  p o p u la tio n  h a s  increased  th ree fo ld  u n d er th e  
In d ia n  Service. T h e h e ad  o f th is  service, th e  Com ­
m issioner o f In d ia n  A ffairs, a t  w hose req u e st th e  book 
w as w ritten , p ay s  handsom e t r ib u te  in  a  forew ord  to  
th e  p ra c tic a l he lp  w h ich  i ts  ad m in is tra to rs  h av e  
a lrea d y  received  fro m  th e  L e ig h to n s’ s tu d ies , a n d  
w orkers in  o th e r  fields w ill dou b tless  derive  like  
benefit fro m  th em . G. H . S. B u s h n e l l .

SOME TICKS OF NORTH AND 
CENTRAL AMERICA

The Argasidae of N orth Am erica, Central A m erica  
and Cuba

B y  R . A . Cooley a n d  G len M. K oh ls. (A m erican 
M idland  N a tu ra lis t ,  M onograph  N o. 1.) P p . v + 1 5 2 . 
(N o tre  D am e, In d . : A m erican  M id land  N a tu ra lis t, 
U n iv e rs ity  o f N o tre  D am e, 1944.) 2 dollars.
T H E  Argasidae a re  an  im p o rta n t fam ily  o f tic k s  

an d  severa l o f th e ir  species a re  o f m ed ical o r 
v e te r in a ry  significance. I n  so fa r  as  th e  N o rth  
A m erican  k in d s  a re  concerned, five species o f 
Ornithodoros a re  p roved  ca rrie rs  o f th e  spirochaetes 
o f re lap sin g  fever. R o ck y  M ou n ta in  sp o tte d  fever 
h a s  been ex p e rim en ta lly  tra n s m itte d  b y  Ornithodoros 
pa rkeri a n d  O. herm si. A rgas persicus  is a  w id e­
sp read  n o to rio u s  p e s t o f p o u ltry  : th e  b ird s  m a y  
becom e w eakened  ow ing to  loss o f blood an d , when 
large  nu m bers  o f tic k s  a re  invo lved , th e  effects o ften  
cause d e a th  o f th e  hosts. T h is  t ic k  m a y  also be  th e  
c a rr ie r  o f  av ian  spirochsetosis, a t  least in  T exas. 
T h e spinose ea r t ic k  o f ca ttle , Otobius m egnini, is a  
serious en em y o f yo u n g  an im als in p a rtic u la r , causing 
m u ch  i r r i ta t io n  an d  loss o f co nd itio n . T h is  species, 
how ever, h a s  n o t  been show n to  b e  concerned w ith  
th e  tran sm issio n  o f a n y  specific d isease organ ism .

M essrs. Cooley and  K o h ls ’ m on og raph  is a  com peten t 
tax o n o m ic  s tu d y  o f th e  species affec tin g  th e  areas 
u n d e r  co nsidera tion . T he classification  o f tick s  is 
b e se t w ith  difficulties a n d  n o t  th e  sm allest o f th ese  
is, a s  th e  a u th o rs  p o in t o u t, th e  lack  o f ad eq u a te  
c h a rac te rs  u p o n  w h ich  th e  gen era  a re  to  be founded. 
So fa r, no  genera  h a v e  been synonym ized , b u t  w ith  
th e  increasing  n um bers o f new  species th a t  a re  be ing  
d iscovered  i t  h as becom e m ore  an d  m ore d ifficult to  
se p a ra te  th e  genus A rgas  fro m  Ornithodoros. T h is  
d ifficu lty  h a s  resu lted  in  th e  a u th o rs  m eeting  i t  b y  
m od ify ing  th e  d iagnoses in  th e  tw o  genera ju s t  
qu o ted . H o s t specific ity  va rie s  a  good deal am ong 
d iffe ren t species an d  a  su rp ris in g  n u m b er o f N o rth  
A m erican  k in d s  h a v e  been found  on b a ts . T he 
au th o rs  recognize fo u r genera  o f  Argasidae, an d  these  
inc lude  a t  least tw en ty -five  N o r th  A m erican  species. 
Tw o o f th e se  species belong  to  th e  genus A rgas, 
Ornithodoros includes n in e teen  species a n d  th e re  are  
tw o  species each  in  Otobius an d  in  Antricola .

W h erev er possib le, d escrip tio n s  a re  g iven  o f th e  
a d u lt ,  n y m p h  a n d  la rv a  in  each  case. A  classified 
l is t  o f h o s ts  is g iven  to g e th e r  w ith  a  g lossary  o f th e  
te rm s  used a n d  a  b ib lio g raph y . T h e w o rk  is i llu s tra te d  
b y  fo u rteen  p la te s  a n d  fifty -sev en  tex t-figu res 
(inc lud ing  m aps).
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TELEVISION-PAST AND FUTURE

AS we a re  ab le  to  look fo rw ard  to  co n d ition s  
o f peace  in  E u ro pe , i t  is n a tu ra l  fo r our 

th o u g h ts  to  tu rn  to w ards  th e  re su m p tio n  o f m a n y  o f 
th e  am en ities  o f c iv ilized  life, w h ich  h as been so 

seriously  re s tr ic te d  d u rin g  th e  W ar. A m ong th ese  
am en ities  is th e  recep tio n  o f te lev ision  p rogram m es 
fo r in s tru c tio n a l an d  e n te r ta in m e n t pu rposes, a  
service w h ich  w as p ro v id ed  b y  th e  L ondon T elev ision  
S ta tio n  over a  lim ited  a re a  o f G rea t B r ita in  fo r a  
y e a r  o r tw o  preced ing  th e  o u tb re ak  o f w ar. I n  view  
o f th e  w id espread  ap p lica tio n  o f rad io  tech n iq u e  to  
m ilita ry  purposes, an d  th e  o u ts tan d in g  ad vances 
m ade  in  va rio u s  d irec tion s  d u ring  th e  p a s t  five y ears, 
i t  is n a tu ra l  to  in q u ire  in  w h a t w ay  a n d  to  w h a t 
e x te n t rad io  b ro ad cas tin g  an d  telev ision  w ill benefit 
w hen th is  tech n iq u e  an d  th e  personnel tra in e d  in  its  
use are  d irec ted  to  th e  e x p lo ita tio n  o f th e se  peace­
tim e  p u rsu its . I t  is there fo re  re lev an t to  refer in  
som e d e ta il to  an  ad dress e n title d  “ Som e A spects  o f 
P re -W ar a n d  P o s t-W a r T elev ision” g iv en  to  th e  
R o y a l In s t i tu t io n  on M arch 2 b y  Mr. H . L . K irke , 
h ead  o f th e  R esearch  D e p a rtm en t o f th e  B ritish  
B ro ad castin g  C orporation .

T h is ad d re ss  su rv ey ed  th e  general p rincip les  o f 
m o d ern  te lev ision  p rac tice  a n d  th e  techn ica l fea tu res  
a n d  req u irem en ts  ; Mr. K irk e  also d irec ted  a tte n tio n  
to  th e  v a rio u s  prob lem s w hich m u s t b e  solved before 
ce rta in  develop m en ts  an d  im pro v em en ts, w h ich  h ave  
been foreshadow ed in  som e q u a rte rs , can  be incor­
p o ra te d  in  a  re liab le  service for th e  pub lic  needs.

Picture Scanning

W h atev er sy s tem  is em ployed  for th e  tran sm issio n  
o f a  te lev ision  p ic tu re , basic  necessities a re  th e  
an aly sis  o f th e  p ic tu re  o r scene a t  th e  tra n s m itt in g  
end, an d  i ts  syn thesis  a t  th e  receiv ing  end. T hu s th e  
p ic tu re  o r scene is b roken  dow n in to  a  n u m b er o f 
sm all e lem ents, so t h a t  th e  degree o f lig h t o r shade, 
o r even co lour, o f each  e lem en t can  be tr a n s m itte d  
in d ep en d en tly  a n d  reassem bled  in  th e  co rrec t o rder 
a t  th e  receiv ing  end. T he degree o f d is to r tio n  o f th e  
p ic tu re , o r i ts  com plem ent th e  defin ition , w ill depend  
u p o n  th e  n u m b er o f e lem ents in to  w hich  th e  p ic tu re  
is d iv ided , an d  th e  size o f th e  re su lta n t received 
p ic tu re  a s  i t  ap p ears  to  th e  eye o f th e  view er.

T he u su a l a rran g em en t fo r scann ing  a  p ic tu re  is to  
d iv id e  i t  in  effect in to  a  n um b er o f h o rizo n ta l lines, 
each  o f w h ich  is scanned  o r seen b y  th e  te lev ision  
a p p a ra tu s , e lem en t b y  elem ent, u su a lly  from  le ft to  
r ig h t. T he scann ing  o f a  p ic tu re  in  th is  w ay  can  be 
v isualized  b y  im ag in ing  i t  to  be d iv id ed  in to  a  n u m b er 
o f s trip s , th e  r ig h t-h a n d  en d  o f one s tr ip  be ing  jo ined  
to  th e  le ft-h an d  end  o f th e  s tr ip  below  to  form  one 
co n tinuous s trip . T h is  s tr ip  can now  be considered 
as  passing  a  s l i t  th ro u g h  w hich  elem ents o f th e  p ic tu re  
can  be  exposed  to  a  pho to -e lec tric  cell as  th e  s tr ip  
passes by . T h e  cu rren t o u tp u t from  th e  p h o to -e lec tric  
cell a t  a n y  in s ta n t  is a  fun c tio n  o f th e  average 
a m o u n t o f  lig h t falling  u p o n  th e  cell a t  th a t  in s ta n t, 
so th a t  th e  defin ition  in  th e  h o rizo n ta l p lane  depends 
u p o n  th e  size o f s lit  o r ap e rtu re , w hile th e  defin ition  
in  th e  v e rtic a l p lane  is a  fun c tio n  o f th e  lin e  w id th  
a n d  there fo re  o f th e  n um b er o f lines. W hen th e  
scann ing  is done w ith  a  square  o r ro u n d  ap e rtu re , th e  
defin itions in  th e  v e rtic a l a n d  ho rizo n ta l d irec tion s  
a re  th e  sam e, a n d  th is  is th e  u su al a rran g em en t. F o r  
th e  tran sm issio n  o f m o v ing  p ic tu res, th e  w hole field 
o f  view  m u s t be  rep e a ted ly  scanned  a t  a  ra te  exceeding

tw enty-five p ic tu re s  p e r  second, in  o rder th a t  th e  
eye shall n o t  be conscious o f flicker, a  co nd itio n  
co rresponding  to  p rac tic e  in  c in em ato g raph y .

T he sh arpness o r defin ition  o f a  p ic tu re  depends 
upon  th e  n u m b er o f e lem ents in to  w h ich  i t  is  d iv id ed  
fo r scann ing  p urposes ; a n d  th e  rad io -frequency  b an d  
w id th  occupied  b y  th e  transm issio n  o f  a  p ic tu re  
depends u po n  th e  n u m b er o f p ic tu re  e lem en ts  p e r  
second. T h e L ondon  T elev ision  S ta tio n  a t  A lex an d ra  
P alace, before th e  W ar, t r a n s m itte d  p ic tu re s  d iv ided  
in to  405 lines a t  th e  ra te  o f  tw en ty -five p ic tu re s  pe r 
second, an d  these  occupied  a  rad io -frequ ency  channel 
o f  5 m egacycles p e r  second w ide. B y  th e  use  o f a  
device know n as in te rla ced  scann ing , i t  is possib le to  
tra n sm it a  405-line p ic tu re  w ith  on ly  tw enty-five 
co m plete  p ic tu re s  p e r  second in  such  a  m a n n e r th a t  
th e  flicker corresponds to  fifty  p ic tu re s  p e r  second. 
In te rla c ed  scann ing  is  ach ieved  b y  scann ing  a lte rn a te  
lines o f a  p ic tu re  in  sequence followed b y  th e  scann ing  
o f th e  rem ain ing  in te rm e d ia te  lines. T he re p e titio n  
r a te  o r flicker frequency  is therefo re  tw ice  th e  a c tu a l 
nu m b er o f  co m plete  p ic tu re s  p e r  second. T hus 
a lte rn a te  ‘fram es’, a s  th e y  a re  called in  B rita in , con­
s is t  o f 202J  lines each, w hile a  co m plete  p ic tu re  o f 
tw o  fram es com prises 405 lines. In te r la c e  ra tio s  o th e r 
th a n  tw o a re  possib le  b u t  n o t u su a l in  b lack  an d  
w h ite  telev ision .

Electron Cameras
A lth ough  m echan ica l scann ing  system s h a v e  been 

developed a n d  m a y  s till  hav e  po ssib ilities , th e  m ore 
u su a l m e th o d  m akes use o f a  beam  o f elec trons for 
th e  scann ing  process. T he p ic tu re  o r scene to  be 
tra n s m itte d  is focused on a  p la te  w h ich  com prises a  
m osaic o f m in u te  pho to -e lec tric  cells, each  o f w hich 
acqu ires  a  p o sitiv e  charge to  an  e x te n t  depend ing  
u po n  th e  am o u n t o f lig h t falling  u po n  it. A  b eam  of 
electrons is caused to  trav e rse  th is  m osaic  in  th e  
scann ing  process, a n d  a t  ev ery  p o in t th e  c u rre n t in  
th e  b eam  is p ro p o rtio n a l to  th e  a m o u n t o f lig h t 
falling  upo n  th e  co rresponding  pho to -e lec tric  e lem ent. 
T h e re su ltin g  e lec tric  im pulses a re  used  to  m o d u la te  
th e  rad io -frequency  ca rr ie r  w ave o f th e  te lev ision  
tra n sm itte r . T he e lectron  cam era  tu b e , p a rtic u la r  
versions o f w hich a re  know n as th e  ‘em itro n ’ in  
B rita in , an d  th e  ‘iconoscope’ in  th e  U n ited  S ta te s , is 
th u s  th e  lin k  th a t  co n v erts  th e  v isu a l p ic tu re  in to  
electric  signalling  im pulses. T here  have  been a  
n u m b er o f  dev elop m en ts in  e lectron  dev ices an d  
e lectron  op tics  b o th  in  B rita in  an d  in  th e  U n ited  
S ta te s  d u rin g  a n d  before  th e  W ar w h ich  w ill u n ­
d o u b ted ly  b e  o f consid erab le  va lue  in  th e  fu r th e r  
develop m ent o f te lev ision  cam era  tu b es, a n d  i t  is to  
be hop ed  th a t  th e  co nsiderab le  d eve lo p m en t o f 
m in ia tu re  com ponen ts  w ill enable th e  size o f m obile 
te lev ision  cam eras to  b e  reduced , as  well as  th e  size 
o f a p p a ra tu s  fo r use in  connex ion  w ith  ou tside  
b road casts .

Reception

A t th e  receiv ing  en d  th e  im pulsive m o d u la tio n  is 
e x tra c te d  from  th e  incom ing  ca rrie r w ave, a n d  used  
to  v a ry  in  som e w ay  th e  in te n s ity  o f lig h t fallilig  upon  
th e  v iew ing screen. T he  m o st w id ely  used  m e th o d  o f 
d isp lay  before th e  W ar w as th e  ca tho de  ra y  tu b e , 
a n d  i t  is p rob ab le  th a t  fo r a  considerab le  tim e  th is  
w ill p rove to  be th e  ch eapest a n d  m o st p o p u la r  fo rm  
fo r hom e-view ing. T h e a m o u n t o f  d evelop m en t a n d  
th e  know ledge w h ich  h a s  becom e av a ilab le  d u rin g  th e  
W ar will u n d o u b te d ly  be  o f ass istan ce  in  th e  im p ro v e­
m e n t o f th e  perfo rm ance o f ca th od e  r a y  tu b e s , a n d
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m ass p ro d u c tio n  m e th o d s shou ld  be effective in 
red uc in g  th e  cost.

T h e m a in  lim ita tio n  o f th e  ca th o d e  r a y  tu b e s  is th e  
size o f p ic tu re s  w h ich  can  be  o b ta ined . P ic tu res  
ran g in g  from  5 in . X 4 in. to  10 in. x  8 in. w ere 
n o rm a lly  o b ta in ab le  in  com m ercial receivers, th e  
fo rm er on  ch eaper se ts  a n d  th e  la t te r  on  th e  m ore  
expensive sets. E v e n  larger tu b e s  h a v e  been m ade  
a n d  used, an d  i t  is  o f  in te re s t to  n o te  t h a t  one firm  
in  th e  U n ited  S ta te s  has a d v e rtise d  th a t  ca tho de  ra y  
tu b e s  su itab le  fo r p ic tu re s  n e a rly  double th a t  size 
w ill b e  av ailab le  a f te r  th e  W ar. W h e th e r these  w ill 
be a  com m ercia l p ro p o sitio n  rem ains to  be seen. F o r  
large-screen o p e ra tio n  a  n u m b er o f m e th o d s hav e  
been  used . M ost o f th e se  em ploy  som e fo rm  o f sm all 
ca th o d e  ra y  tu b e  w ith  h igh  in te n s ity  b eam  a n d  a  
fluorescen t screen fro m  w hich  th e  p ic tu re  is p ro jec ted  
o n  to  a  larger screen. Such devices h a v e  th e  d is ­
ad v a n ta g e  o f be ing  m ore  co stly  a n d  req u ire  ve ry  h ig h  
vo ltages fo r th e ir  o p e ra tio n .

Programme Distribution

Now, i t  has a lre a d y  been ex p la ined  t h a t  th e  ra d io ­
frequency  b a n d -w id th  req u ired  fo r an  effective te le ­
v ision  tran sm issio n  is ab o u t ± 2 - 5  M c./s., a s  com pared  
w ith  ±  10 or 15 kc ./s . fo r g o o d -qu ality  sound  b ro ad ­
castin g . To tra n s m it  th e  la rg e r b a n d  req u ired  fo r a  
m ed ium  defin ition  te lev ision  sy stem  necessita tes  th e  
use  o f a  ca rrie r freq uen cy  in  th e  ne ighbou rhood  o f 
50 M c./s., co rresponding  to  a  w ave-leng th  o f  6 m etres. 
T h e use o f such  a  sh o rt w ave-leng th  re s tr ic ts  th e  
rang e  o f reliab le  recep tio n  to  som e 30—50 m iles, 
depend ing  upon  th e  h e ig h t o f t r a n s m it te r  an d  receiver 
a n d  th e  ex istence o f in te rven ing  h ills , trees  an d  
bu ild ings. W ith  such  a  lim ita tio n  on th e  rang e  o f 
transm issio n , i t  is c learly  necessary  to  h a v e  several 
t ra n s m ittin g  s ta tio n s  i f  th e  program m es a re  to  be 
received  in  variou s p a r ts  o f B rita in .

T h e prob lem  o f com m unicating  program m es from  
one s ta tio n  to  a n o th e r  has received considerab le  a t t e n ­
tio n , since th e  use o f  o rd in a ry  te lephone cab les to  t r a n s ­
m it  th e  w ide b a n d  o f frequencies req u ired  is n o t v e ry  
p rac ticab le . Special co -axial cables h av e  been dev e­
loped  for th is  pu rpose , a n d  p re lim in ary  w o rk  h as also 
ta k e n  place on th e  use o f rad io  lin k s  for p o in t-to -p o in t 
tran sm issio n . I n  each  case, how ever, i t  is necessary  
to  h av e  am plifiers o r rep e a te r  s ta tio n s  a t  five to  th i r ty  
m iles a p a r t ,  so th a t  th e  p rob lem  o f re lay ing  p ro ­
g ram m es over a  d is tan c e  o f fou r h u n d red  m iles, such  
a s  from  L ondon  to  Glasgow, is  q u ite  a  fo rm idab le 
one. B o th  cable a n d  rad io  lin k  m e th o d s had , how ­
ever, been  in  successful use in  G rea t B ri ta in  before  
th e  W ar, fo r su pp ly ing  ou tside  b ro ad cas t te lev ision  
fea tu re s  from  a  m ob ile  tr a n s m itte r  developed  b y  
th e  B .B .C .

Future Developments

T here  is  no  d o u b t th a t  a  h igh -defin ition  te lev ision  
sy s tem  can  be developed, a n d  i t  w ould  be possib le  to  
p ro v id e  a  serv ice fo r th e  w hole o f G rea t B rita in  b y  
such  a  system . W h e th e r  th is  could  in  fa c t b e  done is 
m a in ly  an  econom ic questio n . T h e  cost o f te lev ision  
p rog ram m es is m a n y  tim es  th a t  o f  sound  program m es. 
T h e  co st o f  te lev ision  tran sm issio n  a p p a ra tu s  is co n ­
s id e rab ly  g rea te r  th a n  th a t  for sound . T h e  n um b er 
a n d  cost o f  techn ica l, o p e ra tio na l an d  p ro g ram m e 
s ta f f  is also consid erab ly  g rea te r. T he co st o f d is ­
tr ib u tio n , w h eth er b y  line  o r rad io , w ill also be 
g rea te r, a n d  la s t b u t  b y  no m eans lea st, th e  cost o f 
th e  rece iver is  p e rh a p s  one o f th e  m o st im p o rta n t 
facto rs.

Higher Definition
M r. K irk e  th e n  d iscussed  th e  question  o f th e  

defin ition  th a t  is sa tis fa c to ry  fo r a  te lev ision  service, 
p a rtic u la r ly  in  connex ion  w ith  th e  possib le fu tu re  
increase in  size o f  p ic tu re  fo r hom e-view ing. T he 
p re sen t A m erican  sy stem  uses 525 lines a n d  60 fram es 
p e r  second, b u t  th e  re su ltin g  increase in  b a n d  w id th  
is accom m od ated  in  a b o u t th e  sam e frequency  channe l 
o f  4 -5  M c./s. b y  th e  use o f  a sy m m etric  side-ban d  
tran sm issio n . I t  is d ou b tfu l, how ever, i f  i t  is w o rth  
w h ile  considering an  a lte ra tio n  in  th e  B ritish  system  
un less a  ch ange is m ad e  to  600, o r even 800 lines, 
w ith  a  corresponding  increase in  h o rizo n ta l defin ition . 
I n  a n y  ev en t, m uch  ex perim en ta l develop m ent w ork  
is req u ired , an d  i t  c a n n o t be  ex p ec ted  th a t  a n y  new  
sy stem  can  be  m ade av a ilab le  a s  a  pub lic  service for 
severa l y ears  a f te r  th e  en d  o f  th e  W ar.

O ne asp ec t o f th e  su b jec t t h a t  m a y  se ttle  th e  
fu tu re  tre n d  o f d evelop m en t is th a t  o f th e  size o f 
p ic tu re  req u ired  fo r no rm al hom e-view ing. A t p resen t 
th is  size is lim ited  to  10 in . X 8 i n . ; b u t  i t  seem s 
reasonab le  to  a n tic ip a te  th e  d e sirab ility  o f increasing 
th is  to  20 in. X  16 in. F o r  th e  sam e v iew ing d istance , 
th is  w ill involve a n  increase in  th e  defin ition  in  b o th  
th e  v e rtic a l an d  ho rizo n ta l d irec tions, a n d  th e  
re su ltin g  increase in  scann ing  speed  w ill req u ire  a  
b a n d -w id th  fo u r tim es  a s  g rea t as  a t  p resen t. T he 
ca rr ie r  frequency  w ill h a v e  to  b e  co rrespondingly  
increased  to  a t  least 200 M c./s., a  w av e-len g th  o f one 
a n d  a  h a lf  m e tres  o r less. T he p ro p a g a tio n  ch arac ­
te r is tic s  o f such  sh o rt w ave-leng ths h av e  ce rta in  
d isad v an tag es  from  a  general recep tio n  p o in t o f view  : 
th e  effect o f g ro un d  co n tou rs  a n d  th e  shadow s o f h ills 
a n d  trees  a re  m ore m a rk e d  ; a n d  in terference effects 
b y  w aves reflected  from  bu ild ing s  a n d  o th e r  ob jects  
a re  m ore  severe. Also, in  general, th e  sen s itiv ity  o f 
rece ivers w ould  b e  less a n d  th e  cost p ro b a b ly  g rea te r, 
a lth o u g h  b y  developm en t a n d  m ass  p ro d u c tio n  th is  
co st m ig h t be  reduced.

Co lo ur
D em o n stra tio n s  h av e  a lrea d y  been  g iven  in  G rea t 

B r ita in  an d  in  th e  U n ited  S ta te s  o f th e  possib ilities  
o f tra n s m itt in g  p ic tu re s  in  colour, w h ich  requ ires  th e  
use o f tw o o r m ore basic  colours. A t th e  tra n sm itte r , 
filte rs  can  b e  used  to  se p a ra te  th e  colours. I n  a  
m echan ical system , as  u sed  in  th e  U n ited  S ta te s , a  
ro ta t in g  se t o f colour filters p e rm its  th e  p ro jec tio n  o f 
th e  v a rio u s  co lour elem en ts  o f th e  scene in  tu rn  on 
one p ho to -e lec tric  screen. T h e  p ic tu re s  co n ta in in g  
th e  d ifferen t colour e lem ents a re  each  scanned , a n d  in  
som e cases th e re  is in te rlac in g  o f th e  d if  e ren t colours. 
A t th e  receiv ing  en d  a  s im ila r ro ta tin g  co lour d isk  is 
u sed  in  corij un c tion  w ith  a  ca th o d e  ra y  tu be . I n  th e  
e lectron ic  system  d e m o n stra ted  b y  Mr. J .  L . B a ird  
in  G rea t B rita in , a  tw o-co lour an d  a  th ree-co lour 
process h av e  been u sed  ex perim en ta lly . In  effect, a  
sep a ra te  screen is u sed  fo r each colour, each screen 
be ing  scanned  b y  a  sep a ra te  e lectron  beam . In  co lour 
te lev ision  th e  to ta l  n u m b er o f p ic tu re s  tra n sm itte d  
p e r  second m u s t be  increased  as  each  co lour requ ires  
a  sep a ra te  scansion ; a n d  th e  increase in n u m b er o f 
p ic tu re s  p e r  second req u ires  a  p rop o rtio n a l increase 
in  b an d -w id th . I f  th e  p rac tic a l lim it is th e  b a n d ­
w id th  em ployed, i t  is necessary  to  com pare th e  
ad v an ta g es  o f  co lour w ith  th e  d isad v an tag es  o f low er 
defin ition .

T h ere  is no  d o u b t th a t  co lour does g ive a  consider­
ab le  im p rov em en t to  th e  p ic tu re . I t  ap p ears  to  ad d  
a n o th e r  d im ension, a n d  p ro v id ed  a  ce rta in  s ta n d a rd  
o f defin ition  is ach ieved  in  a n y  ev en t, th e n  co lour is a



No. 3943, M ay 26, 1945 N A T U R E 623
g rea t ad v an tag e . T h is  is th e  experience o f th o se  w ho 
hav e  ex p erim en ted  w ith  co lour p h o to g rap h y , a n d  i t  
is c e rta in ly  t ru e  o f  th e  cinem a, a lth o u g h  th e re  a re  
s till  m a n y  w ho say  th e y  p refer b lack  an d  w hite .

I f  i t  b e  a ssu m ed  th a t  fo r a  th ree-co lour sy s tem  th e  
to ta l  n u m b er o f  p ic tu re s  p e r  second is doub led  
in s tead  o f treb led , th e n  double  th e  b a n d -w id th  is 
necessary . I f  th e  b a n d -w id th  is 10 M c./s., co rrespo n d ­
ing  w ith  800 lines fo r m onochrom e, th e n  a  co lour 
p ic tu re  co u ld  be p rodu ced  h a v in g  565 lines ap p ro x i­
m a te ly  ; a n d  a  decision  as to  w h ich  w as th e  b e t te r  
w ould b e  d ifficult, fo r a  565-line p ic tu re  w ith  co lour 
w ould g iv e  a n  ag reeab le  degree o f de fin ition  a n d  a  
p leasing re su lt.

T h is  p o in t w as d e m o n s tra ted  b y  Mr. K irk e  b y  
d isp lay ing  tw o  s ti l l  p ic tu re s  o b ta in ed  in  th e  U n ited  
S ta te s  a b o u t a  y e a r  ago a n d  ta k e n  w ith  a  m echan ica l 
co lour sw itch in g  sy stem  u sing  375 lines a n d  120 
fram es p e r  second, th e  w hole p ic tu re  be ing  accom ­
m o d a ted  in  th e  s ta n d a rd  A m erican  b a n d -w id th  o f 
4 M c./s. T h e  375 lines in  co lour th e re fo re  co rrespond  
w ith  525 lines in  m onochrom e : th e  p ic tu re s  show  
th a t  th e  a p p a re n t defin ition  is ra th e r  surp rising , a n d  
th e  co m p en satin g  effect o f co lour is q u ite  no ticeab le.

FORMATIVE EFFECTS OF 
ENVIRONMENTAL FACTORS AS 
EXEMPLIFIED IN THE DEVELOP­
MENT OF THE ONION PLANT

By D r .  O . V . S. H EA TH  
Research Institute of Plant Physiology, Imperial College of 

Science and Technology, S .W .7

DU R IN G  th e  la s t  tw o  decades, d iscoveries o f g rea t 
im p o rtan ce  h a v e  been  m ade in  th e  field o f p la n t  

m orphogenesis, a n d  th e  p red o m in an t p a r t  p la y ed  b y  
th e  e x te rn a l fac to rs  o f d ay -len g th  a n d  te m p e ra tu re  

h a s  been  es tab lished . A pp lica tio ns o f th is  know ledge 
to  th e  co n tro l o f p la n t g ro w th  in  a g ric u ltu ra l a n d  
h o r tic u ltu ra l p rac tic e  h a v e  led  to  im p o rta n t re su lts , 
fo r  exam ple , in  th e  forcing o f b u lb s  (B l^auw , V an  
S log teren  a n d  th e ir  asso cia te s1.2) a n d  th e  d evelop m en t 
o f v e rn a liza tio n  as  a  p rac tica l tech n iq u e  in  th e  
U .S .S .R .3.4.5, I n  b o th  th e se  cases te m p e ra tu re  effects 
a re  concerned  ; w ith  reg a rd  to  th e  len g th  o f d a y  
effects ( ‘ph o to p erio d ism ’) th e  am ple  em pirica l k no w ­
ledge we owe to  G arn er a n d  A lla rd  a n d  sub seq u en t 
in v e stig a to rs6 h a s  so fa r  y ie lded  few er p rac tic a l 
resu lts  th a n  m ig h t h av e  been a n tic ip a te d . T h e w o rk  
d e a lt w ith  in  th is  a r tic le  h as b ro u g h t to  a  focus th e se  
lines o f research  in  an  a t te m p t  to  e lu c id a te  th e  
beh av io u r o f th e  on ion  p la n t.

T he physio logica l in v estig a tio n  o f th e  on ion  p la n t 
in  th is  I n s t i tu te  b egan  five y ears ago w ith  th e  p r im a ry  
o b jec t o f d iscovering  th e  causes o f ‘b o ltin g ’ (flowering) 
in  onions grow n fro m  sets a n d  th e  m o st sa tis fa c to ry  
m e th o d s o f  con tro l. As th e  w o rk  h a s  developed, 
in v estig a tio n s  on th e  m ode o f p ro d u c tio n , s to rag e 
a n d  use o f  onion  se ts  h av e  been  ca rried  o u t. T h e 
p rac tic a l reco m m en datio n s  a ris ing  fro m  th is  w o rk  
a re  being  d e a lt w ith  elsew here ; th e  p re sen t acco un t 
is co ncerned  w ith  th e  physio logical effects o f th e  
fac to rs  o f d a y -le n g th  a n d  tem p e ra tu re , a n d  th e ir  
in te ra c tio n s , in  co n tro lling  th e  deve lo p m en ta l m o r­
pho logy  o f th e  onion  p la n t— especially  th e  processes o f 
bu lb  fo rm atio n , a n d  flower in itia tio n  a n d  developm ent.

O nions a re  g row n in  p rac tice  from  seed sow n in  
th e  open, fro m  tra n sp la n te d  seedlings, or from  sets.

T h e la t te r  a re  sm all b u lb s, p ro d u ced  fro m  seed  in  one 
season, s to red  d ry  th ro u g h  th e  w in te r  a n d  p la n te d  
o u t in  a  second season to  g ive a  u sab le  crop  o f large 
onions. B efore th e  W ar, considerab le  q u a n tit ie s  w ere 
im p o rted , m a in ly  fro m  so u th e rn  E u rop e . T h e ir  ch ief 
d isad v an tag e  is th e ir  m a rk ed  ten d en cy  to  b o lt ; th e  
b u lb  p rod u ced  is th e n  genera lly  sm all a n d  o f  l i t t le  
va lue . I n  th is  w o rk , the re fo re , th e  p ra c tic a l in te re s t 
cen tres  on  p rev en tin g  flowering, r a th e r  th a n  h a sten in g  
i t  as, fo r exam ple , in  ve rna liza tio n . B o ltin g  m a y  b e  
p rev e n ted  in  a  n u m b er o f  w ays, b u t  th e re  is  l i t t le  
d o u b t th a t  th e  m o s t p ra c tic a l m e th o d  lies in  th e  use 
o f su itab le  v a rie tie s7.8 a n d  se ts  o f su itab le  size7.8.9. 
Selection  o f low -bolting  s tra in s  h as been ca rried  o u t8 
a n d  re-se lection  w o rk  is be ing  con tinued .

To p ro v id e  a  b ack g ro u n d  fo r d iscussion, a  b rie f  
d escrip tio n  w ill f irs t b e  g iven  o f th e  n o rm a l life- 
h is to ry  o f a n  onion p la n t, covering  th e  w hole g ro w th  
a n d  developm ent fro m  seed to  m a tu re  h a rv e s te d  b u lb , 
th ro u g h  tw o  grow ing  seasons a n d  th e  in te rv en in g  
s to rag e  period  ; som e o f th e  ex p erim en ta l re su lts  will 
b e  in te rc a la te d  as  seem s ap p ro p ria te . E x c e p t w here 
o th e r  references a re  g iven , th e  w hole acco u n t is  based  
on ou r ow n observa tion s  ; b u t  th e  dev elop m en t o f 
th e  seedling (before b u lb  develop m ent) h a s  also  been 
described  b y  H o ffm an10 a n d  th a t  o f th e  flow er b y  
Jo n es  a n d  E m sw eller11.

Development from Seed to Set
A t g e rm in a tio n  o f th e  seed th e  cy lindrical co ty ledo n  

em erges, a n d  th ro u g h  a  po re  n e a r  th e  b o tto m  th e  
firs t foliage lea f la te r  p ro tru d e s . E ach  foliage le a f  in  
tu r n  em erges th ro u g h  a  sim ilar po re  in  i ts  p redecessor ; 
th e  p ore  th u s  m a rk s  in  each  lea f th e  ju n c tio n  o f th e  
cy lindrical lea f ‘b la d e ’ a n d  th e  cy lindrica l sh ea th in g  
leaf-base. D u rin g  develop m ent, * h e  firs t fo rm ed  
p o rtio n  o f th e  le a f  in itia l gives rise  to  a  p o in ted  
s tru c tu re , th e  em bryon ic  leaf-b lade. T h is  ex pan d s 
b o th  lo ng itu d in a lly  a n d  ce n tr ip e ta lly , over-a rch ing  
th e  ax is  ; a t  th e  sam e tim e  th e  em bryon ic  leaf-base 
ex ten d s  ro u n d  th e  grow ing p o in t a n d  com plete ly  
su rro u nd s i t  a t  a  v e ry  ea rly  stage . T h e  p o re  is th u s  
le f t on  th e  side o f th e  ax is  opp osite  th e  t ip  o f th e  
lea f b lade, an d  as  th e  p h y llo tax y  is a lte rn a te , is  th u s  
in  th e  co rrec t p o sitio n  fo r th e  em ergence th ro u g h  i t  
o f  th e  n e x t  lea f in  succession (Fig. 1). T h e  le a f  b lade  
is a t  firs t solid, a n d  on ly  becom es hollow  a f te r  em er­
gence b y  th e  fo rm ation  o f a  lysingenous cav ity .

B efore th e  on set o f bu lb ing , new  leaves em erge 
a b o u t once a  fo r tn ig h t, a t  o rd in a ry  sum m er te m ­
p e ra tu res , a n d  th e re  a re  genera lly  th re e  unem erg ed  
lea f in itia ls  to  be  seen a t  th e  grow ing p o in t on 
d issec tion  (F ig. 1). U n d e r sh o rt-d ay  co nd itions (less 
th a n  a b o u t tw elve  hou rs) th e  p la n t can  a p p a re n tly  
co n tin u e  grow ing a n d  p ro du c ing  new  leaves in ­
de fin ite ly  in  th is  w ay  w ith o u t b u lb  fo rm atio n . T he 
older leaves d ie off ; th e  p seud o-stem  o r neck , fo rm ed  
o f th in  co ncen tric  leaf-bases enclosing a  p rac tic a lly  
so lid  core o f grow ing leaf-b lade, becom es g rad u a lly  
th ic k e r a n d  longer ; th e  sh o rt b a sa l s te m  te n d s  to  
ro t  aw ay  below  b u t  grow s g rad u a lly  a t  th e  u p p er 
end , w here new  ad v en titio u s  ro o ts  e m erg e ., A fte r  a  
tim e  (eighteen m o n th s  o f artific ia lly  sh o rten ed  d ay s  
in  one experim en t) a n  inflorescence em erges ; fu r th e r  
lea f p ro d u c tio n  is th e n  ca rr ied  on b y  an  ax illa ry  b u d  : 
th is  m ode o f g ro w th  w ith o u t bu lb  fo rm a tio n  has 
co n tinu ed  fo r m ore th a n  th ree  y ears  in  th e  ex perim en t 
cited .

U n d er n a tu ra l  cond itions, how ever, th e  day- 
len g th  u ltim a te ly  a t ta in s  a  c ritica l v a lu e  a t  w h ich  a  
b u lb  begins to  fo rm  ; t h a t  th is  is  a  response to  th e
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Fig. 1 . L o n g it u d in a l  m e d i a n  s e c t io n  o f  a  4 -l e a v e d  o n io n
SEEDLING BEFORE BULB DEVELOPMENT. X 1 2 . L E A F  NUMBERS :
1 TO 4 , EMERGED LEAVES (4 6 /., BLADE ; 4 s . ,  SHEATH) ; 5  TO 7 , UN­

EMERGED LEAF INITIALS : r . i . ,  ROOT INITIALS.

s tim u lu s  o f long d ays  is  well e s tab lish ed 7-12.13,14,15. 
T h e  c ritica l day -len g th  varies fo r  d ifferen t s tra in s  o f 
on ion  be tw een  a b o u t tw elve h ou rs  an d  s ix teen  h o u rs13 
a t  o rd in a ry  tem p e ra tu re s . T h e  effect o f tem p e ra tu re  
on  th e  pho toperiod ic  req u irem en ts  o f seedlings is 
s im ila r to  th a t  described  below  fo r p la n ts  grow n 
fro m  se ts . W ith  th e  onse t o f bu lb in g  th e  sh ea th ing  
bases o f one or m ore  o f th e  innerm ost o f the emerged 
leaves begin  to  swell, a n d  th is  is e ith e r  accom p an ied  
o r  follow ed b y  th e  sw elling o f th e  sh ea th es  o f u su a lly  
th re e  o f th e  outermost unemerged lea f in itia ls . T h is 
sw elling occurs b y  increase in  cell size a n d  develop­
m e n t o f in te rce llu la r spaces, a n d  w ith o u t cell d iv ision .

W hen  th e se  unem erged  in itia ls  swell to  fo rm  bulb- 
scales th e y  ap p a re n tly  suffer som e irreversib le  change, 
fo r th e y  lose th e  c a p ac ity  ev er to  develop a  leaf-b lade, 
a n d  th is  also applies to  one o r tw o o f th e  ad jacen t 
unsw ollen  in itia ls. F u rth e rm o re , i t  h a s  been found  
t h a t  w hen  defin ite  b u lb  d evelop m en t occurs, th e  
em ergence o f fu r th e r  leaves n o rm a lly  ceases, im ­
m e d ia te ly  o r soon accord ing  to  th e  te m p e ra tu re 9,14. 
T h is  o bserv a tion  h a s  p ro ved  o f th e  g re a te s t v a lue  in ' 
acco u n tin g  for th e  b eh av io u r o f th e  onion p la n t  u n d er 
v a rio u s  co nd itio ns1416.

A lth ou gh  no m ore  leaves em erge a f te r  onse t o f 
bu lb ing  th e  p ro d u c tio n  o f lea f in itia ls  a t  th e  grow ing - 
p o in t goes on v e ry  ra p id ly  u n til  th e re  a re  a b o u t n ine  
unem erged  leaves, o f w h ich  th e  o u te rm o st 2-4  a re  
sw ollen (F ig. 2). Som e 4 -6  o f th e  unsw ollen  le a f  
in itia ls  a re  av a ilab le  to  p roduce foliage leaves in  th e  
n e x t  grow ing season ; th is  n u m b er v a rie s  b u t  l i t t le  
w ith  se t size17 a n d  hence th e  h igh er y ie lds o b ta in ed  
w ith  large  sets, in  th e  absence o f b o ltin g 7 8, is due  to  
la rg e  size o f p a r ts  r a th e r  th a n  to  a  g re a te r  n u m b er 
o f  le a f  in i t ia ls . re a d y  fo r em ergence17.

I n  th is  co nd ition  th e  neck  o f th e  onion p la n t 
collapses, th e  lea f b lades fa lling  over on  to  th e  g rou n d  
w hile  severa l o f th e m  a re  s till g reen  a n d  tu rg id . T his 
co llapse can  occur w ith  a b u n d a n t soil m o is tu re , 
th o u g h  h a sten ed  b y  d ro u g h t, a n d  is d u e  to  th e  
cessa tion  o f  em ergence o f new  leaves a t  bu lb ing . 
W h en  th e  b lade  o f th e  la s t  le a f  has fu lly  em erged,

th e  neck  no longer h a s  a  solid  core (as in  F ig . 1) a n d  
th u s  becom es a  th in -w a lled  hollow  tu b e  form ed  o f 
co ncen tric  leaf-bases. T h is  tu b e  read ily  buckles 
u n d e r  th e  w e igh t o f th e  g reen  leaf-b lades, especially  
in  w in d  o r d ro u g h t18.

Follow ing  th e  co llapse o f th e  neck  th e  leaves die 
a n d  th e  b u lb  en te rs  u p o n  a  d o rm a n t period , w h ich  
can  also occur w ith  p le n tifu l soil m o is tu re  ; i f  th e  
b u lb  h a s  been  k e p t  sm all b y  la te  sow ing a n d  close 
spacin g  i t  now  co n s titu te s  an  onion se t, w hich is 
no rm a lly  lif ted  a n d  s to re d  d ry  th ro u g h  th e  w in ter.

T h e  processes o f  bu lb  develo p m en t a n d  rip en in g  
no rm a lly  follow  th e  course o u tlin ed  above, once 
b u lb in g  h a s  begun. B u t  i f  p la n ts  t h a t  h a v e  recen tly  
beg un  to  form  b u lb s  a re  ag a in  su b jec ted  to  sh o rt 
day s, a lth o u g h  som e in d iv id u a ls  co m plete  th e ir  bu lb  
develop m ent an d  r ip en  sa tis fac to rily , in  o th e rs  th e  
process o f  bu lb in g  is a rre s te d  a n d  th e  em ergence o f  
new  leaves begins ag a in , som e o f th e se  leaves th e n  
show ing tra n s itio n a l fo rm s b e tw een  t ru e  foliage leaves 
a n d  b u lb  scales ; low ering th e  te m p e ra tu re  m a y  h av e  
s im ila r effect. T here  th u s  ap p ea rs  to  be a  c ritica l 
s tag e  in  bu lb in g  beyond  w hich  th e  process becom es 
irreversib le . T he p rac tic a l in te re s t lies in  th e  s im ilar 
reve rsa l o f  th e  b u lb in g  process w h ich  som etim es 
occurs, u n d e r field co nd itio ns  d u rin g  A u g u s t or 
S ep tem ber, in  on ion  p la n ts  w h ich  h av e  b u lb ed  la te  
ow ing to  v e ry  la te  sow ing o r low  tem p e ra tu re . T he 
longer th e  h a rv e s t o f such  p la n ts  is d e lay ed  th e  w orse 
th e y  becom e.

Developm ent during the Dorm ant Period

W ith  ripen ing , a c t iv i ty  a t  th e  grow ing p o in t a lm o st 
ceases ; d u rin g  s to rag e a t  o rd in a ry  te m p e ra tu re s  on ly  
one to  tw o  m ore lea f in itia ls  a re  form ed, a n d  th ese  
m a in ly  d u rin g  th e  la t te r  p a r t  o f th e  w in te r17. T hen , 
in  M arch  o r A pril, th e  ce n tra l ax is  b earin g  th e  
te rm in a l g row ing-poin t beg ins to  e longate , as  th e  
firs t s tag e  in  th e  dev e lop m en t o f  a  scape. A t th e  
sam e tim e  a  sp a th e  develops, a n d  a  la te ra l b u d  
ap p ea rs  in  th e  ax il o f  th e  la s t  le a f  in itia l (Fig. 3). 
T h is  s tag e  o f inflorescence deve lo p m en t seem s to  be 
reach ed  rap id ly , b u t  no  fu r th e r  d evelop m en t occurs 
u n til a f te r  th e  se t h as been  p la n te d  ou t.

Inflorescence in itia tio n  on ly  occurs in  bu lb s above 
a  ce rta in  size w hich va rie s  w ith  th e  v a rie ty  o f onion 
an d  is o f th e  o rder o f 2 gm . w e ig h t o r 1J  cm . d iam eter. 
In florescence in itia ls  h a v e  on ly  b een  fo u n d  w here a

F ig .  2 . L o n g i t u d i n a l  m e d i a n  s e c t io n  o f  a n  o n i o n  s e t  i n  t h e
VEGETATIVE CONDITION. X  8 .  L E A F  NUMBERS : 5 , EMERGED, 
UNSWOLLEN ; 6 , EMERGED, SWOLLEN BASE ; 7 , 8 , UNEMERGED, 
SWOLLEN BASES (BULB SCALES) ; 9 , 1 9 , UNEMERGED, UNSWOLLEN 
BASES (BULB SCALES) ; 1 1 - 1 5 ,  UNEMERGED IN ITIA L S (NEXT

SEASON’S LEAVES).
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F ig .  3 . L o n g i t u d i n a l  s e c t i o n  o f  a n  o n i o n  s e t  a f t e r  i n i t i a ­
t i o n  OF AN INFLORESCENCE. X 1 0  APPROX. l .b .,  LATERAL BUD ;
SC., SCAPE ; S p .,  SPATHE ; l . i . ,  INNERMOST LEAF IN ITIA L.

to ta l  o f a t  le a s t th ir te e n  lea f in itia ls  h a s  been  form ed 
a t  th e  grow ing p o in t17 a n d  th is  m a y  rep resen t th e  
s tag e  o f ‘ripeness to  flow er’18. T he  m ode o f o p e ra tio n  
o f th is  ‘size effect’ is u n d er investig a tion .

W h en  inflorescence in itia tio n  occurs in  a  b u lb  as  
described  ab ove, th e  p la n t h a s  necessarily  been  
exposed  to  long days  to  enable a  bu lb  to  form . T he 
flow ering o f p la n ts  k e p t in  sh o rt d ays  th ro u g h o u t, 
described  earlie r, show s th a t  a t  no  s tag e  o f on to geny  
a re  long d ay s  ( >  12 hours) essential e ith e r  fo r in it ia ­
tio n  o r em ergence o f inflorescences. S h o rt days 
( <  16i  hou rs) h a v e  sim ilarly  been  fo u n d  to  b e  
u nessen tia l.

Developm ent from Set to Mature Onion
W hen th e  se t is p la n te d  o u t, th e  e ig h t o r n ine 

unsw ollen  lea f in itia ls  beg in  to  elongate , a ll ex cep t 
th e  o u te rm o st one o r tw o  h av in g  leaf-b lades ; th e  
sw ollen scales sh rive l a n d  la te r  ro t  aw ay. D u rin g  a  
perio d  o f a b o u t a  m o n th  a t  o rd in a ry  te m p e ra tu re s  
th re e  or fou r leaf-b lades em erge in  ra p id  succession. 
T h e rea fte r  th e  leaves em erge in  seria l o rder a b o u t 
once a  fo r tn ig h t. I n  due course, in  th e  ab sen ce of 
bu lb in g  a n d  if  th e  se t w as large enough  to  hav e  
fo rm ed  a n  inflorescence in itia l, th e  inflorescence 
em erges fro m  th e  sh ea th in g  base o f th e  la s t  leaf.

U n d er lo n g -d ay  cond itions, how ever, renew ed bu lb  
dev elo p m en t occurs. T he c ritica l d a y -le n g th  for 
p la n ts  g row n fro m  se ts  is a lm ost c e rta in ly  low er th a n  
fo r seedlings14, w h ich  p e rh ap s  acco un ts  fo r th e  earlie r 
crops fro m  se ts19. F o r  a  g iven  d ay -leng th , b u lb in g  is 
acce le ra ted  b y  h ig h  te m p e ra tu re  a n d  g re a tly  de layed  
o r p rev e n ted  b y  low  te m p e ra tu re 7-14.16 ; th u s  a t  
low er te m p e ra tu re s  longer d ays  a re  needed . T here  
ap p ea rs  to  be a  m in im um  tim e-lag  o f a b o u t th re e  
w eeks be tw een  th e  firs t ap p lica tio n  o f th e  long -d ay  
s tim u lu s  a n d  th e  firs t ex te rn a l ap p earan ce  o f bu lb  
dev elo p m en t (21-27° C. a n d  16J hou rs).

I f  co nd itions a re  such  as  to  p ro du ce  ea rly  an d  
ra p id  b u lb ing , inflorescence emergence is su pp ressed 17. 
T h is  ap p ea rs  to  b e  a  consequence o f th e  s tim u lu s  to  
b u lb  fo rm ation , fo r a t  te m p e ra tu re s  low  enough  to  
p rev e n t o r g re a tly  d e lay  bu lb ing , long d ay s  a c tu a lly  
acce le ra te  inflorescence em ergence15. T he accele ra tion  
is th o u g h t to  be  b ro u g h t a b o u t m a in ly  b y  a  g rea t 
increase in  th e  r a te  o f scape e lo ngatio n , associa ted  
w ith  m ore ra p id  em ergence o f th e  su rro u n d in g  leaves ; 
inflorescence in it ia tio n  is a p p a re n tly  in d ep en d en t o f 
d a y -le n g th 15. T h is  effect o f long days  on e longation  
o f th e  scape resem bles th e ir  effect on  th e  ‘sh oo tin g ’

o f sp ring  cerea ls20. I t  w ould  ap p ea r t h a t  long days 
a lw ays p ro m o te  cell ex ten sion  in  th e  onion  p la n t. 
A t m o d era te  a n d  h ig h  tem p e ra tu re s  long d ay s  p ro ­
m o te  rad ia l ex ten sion  (bulbing) a n d  lim it lo n g itu d in a l 
ex ten sio n  (em ergence o f new  leaves a n d  inflores­
cences) ; a t  low er te m p e ra tu re s  su ch  lo n g itu d in a l 
ex tensio n  is en hanced  a n d  rad ia l ex ten sio n  in h ib ited .

Since long d ay s  com bined  w ith  h igh  te m p e ra tu re s  
p rev e n t inflorescence em ergence, la te  p la n tin g  o f se ts  
in  th e  field shou ld  reduce  bo lting , a n d  th is  a c tu a lly  
occurs8. U n fo rtu n a te ly , th is  a d v an ta g e  o f  la te  
p lan tin g  is m ore th a n  offset b y  th e  g re a t red u c tio n  
in  y ie ld 8, w h ich  is p ro b a b ly  m a in ly  due to  th e  reduced  
lea f a re a  caused  b y  th e  cessa tio n  o f lea f em ergence 
w ith  ra p id  bu lb ing . T he sm all y ields o ften  g iven  in 
w arm  seasons in  G rea t B rita in  b y  ‘ea rly ’ s tra in s  o f 
A m erican  orig in , w h ich  a re  like ly  to  h av e  a  low 
p ho to p erio d  for bu lb ing , m a y  b e  sim ilarly  exp la ined . 
C onversely, th e  larg e  b u lb s  com m only  p ro d u ced  b y  
a u tu m n  sow ing o r sp rin g  sow ing u n d e r g lass m a y  b e  
a t t r ib u te d  to  th e  large lea f a re a  p ro d u ced  before 
bu lb ing  p u ts  an  en d  to  th e  em ergence o f fu r th e r  
leaves. T he effects o f d a y -le n g th 13.14 an d  te m p e ra tu re 14 
u p o n  ripen in g  in ten sify  th o se  u po n  bu lb in g  onset.

V ery  h igh  te m p e ra tu re  (21-27° C.) d u rin g  th e  
second season’s g ro w th  n o t on ly  p rev e n ts  flow ering 
b y  accele ra ting  b u lb  d e v e lo p m en t; i t  also ex e r ts  a  
d irec t effect even in  th e  absence o f b u lb in g  (sh o rt 
days), suppressing  b o th  inflorescence in it ia tio n 15 an d  
th e  em ergence o f in itia ls  a lrea d y  p re se n t17. Such 
suppression  w ith o u t b u lb  develop m ent is u n lik e ly  to  
b e  o f im p o rtan ce  u n d e r field co nd itions in  G rea t 
B rita in , since h igh  te m p e ra tu re s  seldom  occur ex cep t 
d u ring  th e  long days  o f  sum m er.

Further Tem perature Effects

Som e fu r th e r  te m p e ra tu re  effects m a y  now  be 
considered. A tte m p ts  to  verna lize  on ion  seed h av e  
so fa r  g iven  n eg a tiv e  re su lts , b u t  th e  ex posure  o f 
th e  seedlings to  re la tiv e ly  h ig h  te m p e ra tu re s  (m ean 
a b o u t 21° C.) th ro u g h o u t th e  firs t season’s g ro w th  
re su lts  in se ts  w h ich  do n o t  fo rm  inflorescence 
in itia ls  in  th e  follow ing sp rin g 17 a n d  fail to  flower 
w hen  p la n te d 9 14. I n  th e  d a ta  so fa r  o b ta in ed  th is  
effect is, how ever, in separab le  from  a  size effect, fo r 
ow ing to  m ore ra p id  bu lb ing  such  sets a re  sm aller th a n  
th o se  p ro du ced  a t  low er tem p e ra tu re s  o u t o f doo rs9.

T he effects o f h igh  o r low  te m p e ra tu re  d u rin g  th e  
w hole o r p a r t  o f th e  s to rag e  pe rio d  h av e  p ro v ed  
som ew hat com plex. T h e effects u p o n  flow ering m a y  
b e  considered  firs t. H ig h  te m p e ra tu re  (30° C.) 
th ro u g h o u t th e  s to rag e  p e rio d  ( tw en ty -tw o  w eeks) 
n o t  on ly  in h ib its  inflorescence in itia tio n  d u rin g  s to rag e  
b u t  also ex e rts  a  rem ark ab le  after-effec t in  p re ­
v en tin g  such  in itia tio n  d u ring  th e  follow ing season’s 
g ro w th 17. B o lting  m a y  th u s  be a lm ost co m plete ly  
co n tro lled 9. H ig h  te m p e ra tu re  fo r th e  firs t e ig h t 
w eeks o f th e  s to rage  p e rio d  also ex erts  a n  after-effect 
in  de lay ing  a n d  g rea tly  red uc in g  inflorescence in itia ­
tio n  a n d  flow ering ; h ig h  tem p e ra tu re  fo r th e  la s t 
e ig h t w eeks o f s to rage , a lth o u g h  i t  does d e lay  
in itia tio n  a n d  flow ering to  som e e x ten t, is m uch  less 
effective9-17. I t  w as deduced  from  in d irec t ev idence14 
th a t  th ese  effects o f h igh  te m p e ra tu re  w ere n o t  in  
th e  m a in  b ro u g h t a b o u t b y  th e  d ry ing  o f th e  se ts , 
a n d  th is  h a s  been  confirm ed b y  su b seq u en t ex p eri­
m e n ta tio n  w ith  co n tro lled  h um id ities . Cold s to rag e  
(0° C.) fo r th e  firs t e ig h t w eeks ex erts  an  after-effec t 
in  som ew hat red uc in g  inflorescence in itia tio n  a n d  
b o ltin g  ; w hen  g iven  fo r th e  w hole tw e n ty -tw o  w eeks 
o r th e  la s t e ig h t w eeks only , in itia tio n  is p rev e n ted



d u rin g  tre a tm e n t, b u t  w hereas in th e  form er case 
sub seq u en t in itia tio n  a n d  flow ering a re  reduced , in  
th e  la t te r  th e y  ap p e a r  to  b e  ac tu a lly  increased  on 
r e tu rn  o f th e  se ts  to  no rm al te m p e ra tu re s9.17. T his 
la s t suggests t h a t  th e  onion  p la n t is  a d a p te d  to  
c lim atic  co nd itions in  w hich a  cold spell in  J a n u a ry -  
F e b ru a ry  is freq u en t. G rea te r  su rv iv a l in  th e  field 
o f  se ts  from  th e  la te  co ld-storage t r e a tm e n t p o in ts  in 
th e  sam e d irec tion . T he g rea te r  effectiveness o f  early  
high- o r low -tem pera tu re  tre a tm e n t in  p rev en tin g  
inflorescence in it ia tio n  is o f th e o re tica l in te re s t since 
such  in itia tio n  does n o t  beg in  before M arch.

T h e fo rm atio n  o f new  lea f in itia ls  d u rin g  s to rag e  is 
also affected  b y  th e  tem p e ra tu re , b u t  th e se  effects are  
m a in ly  d i r e c t ; th e  on ly  after-effect fo u n d  w as a  
ten d en c y  for se ts  from  tre a tm e n ts  p rev e n tin g  in i t ia ­
t io n  to  p rod u ce  in itia ls  m o re  ra p id ly  on  r e tu rn  to  
no rm al te m p e ra tu re s17, th u s  resem bling  th e  effect o f 
la te  co ld  s to rag e  on  inflorescence in it ia tio n  n o te d  
above.

H ig h -tem p e ra tu re  s to rag e n o t  on ly  affec ts  in itia tio n  
o f inflorescences a n d  leaves, b u t  also e x e rts  re m a rk ­
ab le  after-effects in  de lay ing  bu lb in g  a n d  rip en in g 9.14. 
Such d e lay  o f bu lb in g  allow s o f th e  em ergence o f 
m ore leaves14, th e  d e lay  o f rip en in g  g ives a  longer 
grow ing season, a n d  do u b led  or ev en  q u ad ru p led  
y ields m a y  re su lt9. A s in  th e  case o f flow er in itia tio n , 
th e  effects o f ea rly  a n d  la te  h ig h -te m p e ra tu re  s to rag e  
(e igh t w eeks) d iffer g rea tly , b u t  here th e  difference 
is in  th e  opp osite  sense : ea rly  h e a t  t r e a tm e n t is 
a lm o st w ith o u t effect on  b u lb in g  a n d  ripen in g , b u t  
th e  effect o f la te  h e a t tr e a tm e n t is co nsiderab le  ; h e a t 
t r e a tm e n t th ro u g h o u t th e  w hole tw en ty -tw o  w eeks 
perio d  h a s  a  s till g re a te r  effect. R ece n t ex p erim en ts  
h av e  show n th a t  th e  increase in  y ie ld  d u e  to  de lay  
o f  bu lb in g  a n d  rip en in g  is g rea te r  w hen  d ry in g  o f  th e  
se ts  in  s to re  is p rev e n ted  b y  co m bin ing  h ig h  h u m id ity  
w ith  th e  h igh  te m p e ra tu re . T he ea rlie r d ed u c tio n 14 
t h a t  th e se  effects o f  h e a t- tre a tm e n t w ere n o t  d u e  to  
d ry in g  is th u s  confirm ed. T h e  d isad v an tag e  o f h igh - 
te m p e ra tu re  s to rag e  th a t  i t  causes sh rivelling  m ay  
a p p a re n tly  be overcom e b y  th e  use o f h ig h  hu m id ities , 
b u t  th e  de lay  o f  rip en in g  w hich  causes th e  increased 
y ie ld  m a y  itse lf  b e  a  d isad v an tag e  in  som e seasons, 
especially  in  S co tland  a n d  n o r th e rn  E n g lan d .

T h e effects o f th e  en v iro n m en ta l fac to rs  on  flowering 
m a y  b e  sum m arized  as  follows :

F irs t ,  a  d irec t effect o f h igh  te m p e ra tu re  on 
flow ering m ay  b e  d istingu ished . Inflorescence in i t ia ­
t io n  and  em ergence a re  in h ib ited , p a r t ia l ly  or com ­
p le te ly , b y  exposure o f th e  p la n ts  to  te m p e ra tu re s  
above a b o u t 21° C., e ith e r  d u rin g  th e  w hole period  
o f g ro w th  from  seed  to  se t, d u rin g  th e  w hole s to rage  
period  (O ctober-M arch) or th e  ea rlie r p a r t ,  or 
th ro u g h o u t th e  second season  o f g ro w th  from  re ­
p la n te d  se t to  m a tu re  onion. T he effect from  seed 
to  se t m a y  be solely d u e  to  th e  red u c tio n  o f s e t size 
co nsequen t on ea rlie r b u lb  dev e lop m en t ; th e  effect 
in  th e  second season is ind ep en d en t o f  d ay -len g th  
a n d  hence o f bu lb ing . W h en  h ig h  te m p e ra tu re  is 
ap p lied  d u rin g  th e  la s t  p a r t  o f  th e  s to rag e  period , it  
de lays b u t  m a y  n o t  u lt im a te ly  red u ce  flowering. 
T h e  effects o f h igh  s to rag e  te m p e ra tu re  a re  n o t  in 
th e  m a in  due to  d ry in g  o f th e  sets.

V ery  low  te m p e ra tu re  (0° C.) th ro u g h o u t th e  
s to rag e  p e rio d , o r fo r th e  f irs t p a r t  on ly , reduces 
flow ering ; b u t  low  te m p e ra tu re  fo r  th e  la s t p a r t  
on ly  re su lts  in  a  sud den  flush  o f inflorescence in i t ia ­
t io n  on re tu rn  to  no rm al tem p e ra tu re  a n d  ap p ears  
a c tu a lly  to  increase flowering. M edium  tem p e ra tu re s

(1 0 -1 5 °  C .)  a t  a n y  t i m e  d u r in g  t h e  l i f e - h i s to r y  a r e  
a p p a r e n t l y  t h e  m o s t  f a v o u r a b le  t o  f lo w e r in g , e x c e p t  
f o r  t h e  a c c e l e r a t i n g  e f f e c t  o f  l a t e  c o ld  s to r a g e .

O n  f lo w e r in g , l e n g th  o f  d a y  h a s  a n  i n d i r e c t  e f f e c t  
a s s o c i a t e d  w i t h  b u lb i n g  a s  w e ll  a s  a  d i r e c t  e f fe c t .  A t  
t e m p e r a t u r e s  h ig h  e n o u g h  t o  e n c o u r a g e  r a p i d  b u lb i n g  
i n  p l a n t s  g r o w n  f r o m  s e t s ,  lo n g  d a y s  s u p p r e s s  
in f lo re s c e n c e  e m e rg e n c e  ; a t  t e m p e r a t u r e s  lo w  e n o u g h  
t o  p r e v e n t  o r  d e la y  b u l b  f o r m a t i o n ,  lo n g  d a y s  a c c e l ­
e r a t e  t h e  e m e rg e n c e  o f  in f lo re s c e n c e s  b y  in c r e a s in g  
t h e  r a t e  o f  s c a p e  e lo n g a t io n !  T h e  f o r m e r  e f f e c t  o f  
lo n g  d a y s  m a y  t h u s  b e  c o n s id e r e d  a s  i n d i r e c t  a n d  d u e  
t o  t h e  p r o m o t i o n  o f  b u l b  d e v e lo p m e n t .  D a y - l e n g th  
is  a p p a r e n t l y  w i t h o u t  e f f e c t  o n  f lo w e r  i n i t i a t i o n ,  a n d  
a f f e c t s  o n ly  t h e  f u r t h e r  d e v e lo p m e n t  a n d  e m e rg e n c e  
o f  t h e  in i t i a l s .

T h e  m o r e  i m p o r t a n t  e f f e c ts  o n  b u lb i n g  a n d  r ip e n in g  
a r e  t h e s e  : T h e  o n s e t  o f  b u lb i n g  is  a  r e s p o n s e  t o  t h e  
s t i m u l u s  o f  lo n g  d a y s  a n d  t h e r e  is  a n  i n t e r a c t i o n  
w i t h  t e m p e r a t u r e  s u c h  t h a t  a t  lo w e r  t e m p e r a t u r e s  
l o n g e r  d a y s  a r e  n e e d e d .  S e e d l in g s  a p p a r e n t l y  n e e d  
a  lo n g e r  p h o to p e r io d  f o r  b u lb i n g  t h a n  d o  p l a n t s  
g r o w n  f r o m  s e t s .  A t  h ig h  t e m p e r a t u r e s  b u l b  d e v e lo p ­
m e n t  i s  r a p i d  a n d  t h e  e m e r g e n c e  o f  n e w  le a v e s  c e a s e s  
a b r u p t l y  w i t h  i t s  o n s e t  ; a t  lo w e r  t e m p e r a t u r e s  o n e  
o r  o c c a s io n a l ly  s e v e r a l  m o r e  le a v e s  m a y  e m e rg e .  
W i t h  a  r e t u r n  t o  s h o r t  d a y s  a n d  (o r )  lo w  t e m p e r a t u r e ,  
b u lb i n g  m a y  b e  a r r e s t e d  a n d  l e a f  e m e r g e n c e  r e ­
c o m m e n c e  w i t h o u t  t h e  u s u a l  d o r m a n t  p e r io d .  L o n g  
d a y s  a n d  h ig h  g r o w th  t e m p e r a t u r e s  n o t  o n ly  s t i m u l a t e  
r a p i d  b u lb i n g  o n s e t  a n d  d e v e lo p m e n t  b u t  a ls o  
e x p e d i t e  r ip e n in g .  B u lb in g  o n s e t  a n d  r i p e n in g  a r e  
d e l a y e d  i n  p l a n t s  g r o w n  f r o m  s e t s  s t o r e d  a t  h ig h  
t e m p e r a t u r e ,  e i t h e r  t h r o u g h o u t  t h e  w i n t e r  ( O c to b e r -  
M a r c h )  o r  f o r  t h e  l a s t  p a r t  o n ly  ; h e a t  t r e a t m e n t  f o r  
t h e  f i r s t  p a r t  o n ly  o f  t h e  s to r a g e  p e r io d  h a s  l i t t l e  o r  
n o  s u c h  e f f e c t .  S u c h  d e la y  is  i n c r e a s e d  i f  d r y in g  o f  
t h e  s e t s  i n  s to r e  i s  p r e v e n t e d  b y  h ig h  h u m i d i ty .

I t  w i l l  b e  s e e n  t h a t  a  f a i r l y  c o m p r e h e n s iv e  p i c t u r e  
h a s  b e e n  o b ta in e d  o f  t h e  c o n t r o l  o f  d e v e lo p m e n t  i n  
t h e  o n io n  p l a n t  b y  t h e  e x t e r n a l  f a c t o r s  o f  d a y - l e n g th  
a n d  t e m p e r a t u r e .  F u r t h e r  w o r k  is  n o w  b e in g  d i r e c t e d  
t o w a r d s  a  m o r e  r ig o r o u s  a n a l y s i s  o f  t h e  i n t e r n a l  
r a t h e r  t h a n  t h e  e x t e r n a l  f a c t o r s  i n v o l v e d  in  b u lb  
d e v e lo p m e n t  a n d  in f lo re s c e n c e  i n i t i a t i o n .  T h e  i m ­
p o r t a n c e  o f  s u c h  f a c t o r s  is  i n d i c a t e d  b y  t h e  s t r i k i n g  
e f f e c t  o f  s iz e  o f  s e t ; l a r g e  s iz e  i s  t h e  o u t s t a n d i n g  
c h a r a c t e r i s t i c  l e a d in g  t o  b o l t in g ,  a n d  t h e  e x p e r i ­
m e n t a l  f a c t  t h a t  a r t i f i c ia l  r e d u c t i o n  in  s iz e  b y  t h e  
r e m o v a l  o f  s w o l le n  l e a f  b a s e s  p r e v e n t s  o r  d e la y s  
b o l t in g  p o i n t s  t h e  w a y  t o  f u r t h e r  p r o g r e s s  i n  t h e  
a n a ly s i s .
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T h e  d e a th  on  F e b ru a ry  3 o f Sam uel R eco rd  a t  
th e  age o f s ix ty - th re e  w ill be keen ly  fe lt b y  people 
all over th e  w o rld  w ho a re  in te re sted  in  w ood, for, 
i f  th e  n a m e  o f a n y  one in d iv id u a l deserves to  be 
specia lly  a sso c ia ted  w ith  th e  g re a t rev iv a l o f  in te re s t 
in  w ood an a to m y  d u rin g  th e  p a s t  q u a rte r  o f  a  cen tu ry , 
i t  is his. H e  v e ry  ea rly  realized  th e  possib ilities  o f th e  
th e n  u nk no w n  w oody species o f  th e  tro p ic s  a n d  th e  
fu n d a m en ta l im p o rtan ce  o f th e  w ood sam ple  backed  
b y  ad eq u a te  h e rb a riu m  m a teria l. W hen, therefo re , 
he w as ap p o in te d  professor o f fo rest p ro d u c ts  a t  Y ale 
in  1917, h e  se t o u t to  b u ild  u p  a  co llection o f  tim b e rs  
th a t  w as to  becom e b y  fa r  th e  m o st im p o rta n t col­
lec tion  in  th e  w orld . W h a t w as p e rh ap s  eq ually  
im p o rta n t w as th a t  he d e lib era te ly  a im ed  a t  m ak in g  
th e  co llection  av a ilab le  to  a n y  genu ine research  
w o rker in  a n y  p a r t  o f th e  w orld . A  deep a n d  sincere 
desire to  fu r th e r  th e  genera l cause o f w ood a n a to m y  
in  a n y  w ay  th a t  h e  could  w as ch arac te ris tic  o f  h im  
a n d  p a r t ly  ex p la in s  h is  w orld-w ide p o p u la rity . M uch 
th a t  he  d id  to  th is  end  b y  m eans o f en courag em en t 
a n d  ad v ice  m u s t d isap p ea r w ith  h i m ; b u t  he  leaves 
as m ore p e rm a n en t m em orials a t  loast tw o  o f th e  
in s tru m en ts  h e  u sed  fo r ca rry in g  o u t th is  policy , th e  
jo u rn a l Tropica l Woods, w h ich  he  founded  in  1925 
a n d  ed ited  u n ti l  h e  d ied , a n d  th e  In te rn a tio n a l 
A ssocia tion  o f W ood A n atom ists , fo r th e  c rea tio n  o f 
w h ich  h e  w as v e ry  large ly  responsib le  a n d  o f w hich 
h e  w as th e  firs t secre ta ry -treasu re r.

R ecord  w as a n  indefa tigab le  w orker, w ith  a  flair 
fo r seeing w h a t m o st n eeded  doing  a n d  an  ex cep tio nal 
c a p ac ity  fo r g e ttin g  i t  done, e ith e r  b y  h is  ow n labours 
o r b y  in te re s tin g  o the rs . As exam ples o f th e se  ta le n ts  
one m a y  c ite  f irs t h is  books on  th e  tim b e rs  o f tro p ica l 
A m erica, th e  firs t o f w hich, w r it te n  w ith  C. D . Mell 
a n d  p u b lish ed  in  1924, m a rk ed  a  trem en do us s tr id e  
fo rw ard  in  know ledge o f th e  tre e s  an d  th e  tim b e rs  
o f th is  v a s t  a rea , a n d  secondly  th e  s tan d a rd iza tio n  
o f  th e  te rm s  used  in  w ood an a to m y , fo r w h ich  he 
w as large ly  responsib le  as ch a irm an  o f th e  co m m ittee  
o f th e  In te rn a tio n a l A ssocia tion  o f W ood A n ato m ists  
t h a t  u lt im a te ly  ach ieved  th is  end. H e  w as alw ays 
specia lly  in te re s te d  in  th e  tax o no m ic  aspec ts  o f wood 
an a to m y , a n d  h is  ex cep tio n a lly  w ide know ledge o f 
woods en ab led  h im  fro m  tim e  to  tim e  to  m ake s trik in g  
suggestions, p a rtic u la r ly  w ith  reg a rd  to  th e  position  
o r affinities o f in d iv id u a l genera or th e  b o tan ica l 
id e n tity  o f  tim b e rs  p rev io usly  know n on ly  b y  th e ir  
ve rn acu la r nam es, such  as  th e  tu lipw o od  o f  B razil.

R eco rd  w as ed u ca ted  a t  W ab ash  College, w here he 
o b ta in ed  th e  M.A. degree a n d  w here he w as la te r, 
in  1930, g iven  a n  h o n o ra ry  d o c to ra te  in  science. I n  
1905 h e  to o k  th e  degree o f  m a s te r  o f fo res try  a t  
Y ale U n iv e rs ity  a n d  en te red  th e  U .S . F o res t Service. 
I n  1910 h e  w e n t b ack  to  Y ale an d  jo in ed  th e  fo res try  
facu lty . I n  1917 h e  becam e professor o f fo res t p ro ­
d u c ts  a n d  in  1939 P in c h o t professor o f fo re s try  an d  
dean  o f th e  School o f F o re s try . L . C h a l k .

I t  is now  n e a rly  tw en ty -five  y ears  since I  s ta r te d  
a  m o st in te re s tin g  co rrespondence w ith  Sam uel J .  
R ecord . T h e correspondence co n tin u ed  w ith o u t in ­
te r ru p tio n  u n ti l  th e  en d  o f J a n u a ry  th is  y ear, w hen 
I  received  h is  la s t  le tte r. H e  h a d  m en tion ed  h is  p lans 
a f te r  h is  re tire m e n t fro m  th e  U n iv ers ity , w h ich  he 
sa id  w ould  b e  in  Ju n e — how  h e  w as a n tic ip a tin g  h a v ­

ing tim e  for fu r th e r  research  a n d  th e  w ritin g  o f a  new  
book, an d  b o th  he  a n d  I  w ere look ing fo rw ard  to  h is  
expected  v is it to  L ondo n , w hen we could  ag a in  d is ­
cuss m a tte rs  re la tin g  to  fo restry , n om encla tu re , 
id en tifica tion  o f tim b e rs , a n d  o th e r  su b jec ts  o f m u tu a l 
in te re s t. W e h a d  m u ch  friend ly  co n tro v ersy  on these  
sub jec ts, b u t  genera lly  o u r conclusions co incided. H is  
energy  a n d  g rea t know ledge, a n d  th e  fa c t th a t  he 
h a d  a t  h a n d  th e  v e ry  ex h au stiv e  co llection  o f  speci­
m ens o f w ood (m ore th a n  th i r ty  th o u san d ) a t  Y ale 
U n iv ers ity , th e  accu m u la tio n  o f w h ich  w as largely  
due to  h is  persona l efforts, w as a  g re a t ad v an tag e , 
an d  from  h im  I  ga in ed  m u ch  useful in fo rm atio n .

I t  w as n o t  on ly  in  h is  p rofessional c a p a c ity  th a t  
he excelled : he h a d  w ide in te re sts , a n  a c tiv e  an d  
tire less  b ra in , a  keen a n d  su b tle  sense o f h u m o u r ; 
an d  I  sha ll a lw ays rem em ber w ith  p leasu re  th e  long 
persona l ta lk s  w h ich  cem en ted  o u r friend sh ip  on th e  
tw o occasions w hen he  v is ited  B rita in .

H is  w ork  “ T im bers o f T ro p ica l A m erica” , th e  
q u a rte r ly  jo u rn a l Tropica l Woods o f w h ich  he  w as 
ed ito r, a n d  m a n y  o th e rs  w ere inva luab le , b u t  h is 
o u ts tan d in g  w ork , “ T im bers o f th e  N ew  W o rld ” , 
p rov ides m uch  n eeded  a u th o r i ta t iv e  in fo rm atio n  
a b o u t th e  w oods a n d  forests  o f B raz il a n d  so u th e rn  
A m erica, a n d  is o f su rp assin g  va lu e  to  th e  s tu d e n t o f  
fo res try  a n d  b o tan y .

H is  su dd en  d e a th  a t  su ch  a  co m p ara tiv e ly  e a rly  
age is a  g re a t loss, n o t  o n ly  to  h is  friends, b u t  also to  
th e  w orld  in  general. A l e x a n d e r  L. H o w a r d .

Colonel M. J. Godfery
W e  reg re t to  reco rd  th e  d e a th  a t  T o rq u ay  on A p ril 9 

o f Colonel M asters J o h n  G odfery.
Colonel G odfery w as a  lead ing  a u th o r i ty  on 

E u ro p ean  a n d  especially  B ritish  orch ids. H e  carried  
o u t m uch  research  w o rk  in  som e o f th e  m ore  c ritica l 
genera, in c lud ing  E p ip a c tis  a n d  Ophrys. H e  co n­
tr ib u te d  m a n y  p ap ers  to  b o tan ica l jo u rn a ls , a n d  in 
1933 p ub lish ed  h is  su m p tu o u s  “ M onograph  o f N a tiv e  
B ritish  O rch idaceae” , i llu s tra te d  in  co lour b y  h is 
wife. I t  w ill long rem a in  th e  s ta n d a rd  w ork  on th e  
g ro up  in  G rea t B rita in .

Colonel G odfery’s m o st s tr ik in g  research  re la ted  
to  th e  p o llin a tio n  o f species o f th e  genus Ophrys, 
m uch  o f w h ich  w as ca rr ied  o u t b y  w a tch in g  cu t 
flowers in  vases on h o te l v e ran d ah s  in  th e  M ed ite r­
ran e an  region . H e  w as ab le  to  confirm  th e  o b se rv a ­
tio n , firs t m ade  b y  M. P o u y an n e  o f A lgiers, th a t  
c e rta in  species a re  p o llin a ted  b y  th e  m ales o f  insects 
w h ich  m is tak e  th e  lip  o f th e  o rch id  fo r th e  fem ale 
an d , in perfo rm in g  th e  m o tio ns  o f fe rtiliz a tio n  on th e  
lip , effect th e  p o llin a tion  o f th e  orchid . T he  m ale 
in sects  p a y  a t te n t io n  to  th e  o rch id  lip s  o n ly  d u rin g  
a  sh o r t pe rio d  before th e  fem ales em erge fro m  th e ir  
p u p *  ; th e re a f te r  th e  o rch id  lip s  a re  le f t alone. T his 
a s to n ish in g  re la tio n sh ip  betw een  in sect a n d  flower 
has since been discovered  also in  an  u n re la ted  
A u stra lian  orchid .

W e  reg re t to  ann ou nce  th e  follow ing d e a th s  :
D r. S tan ley  W ells K em p , F .R .S ., sec re ta ry  o f  th e  

M arine B iological A ssocia tion  o f th e  U n ite d  K in gd om  
a n d  d irec to r  o f i ts  P ly m o u th  L ab o ra to ry , on  M ay 16, 
ag ed  six ty -tw o .

P rof. P . Pelseneer, h o n o ra ry  p e rm a n en t sec re ta ry  
o f th e  R o y al A cadem y o f Sciences o f  B elgium .



N E W S  and V I E W S
Hydrographer of the Navy : 
Retirem ent of V ice-Adm iral S ir John Edgell, 

K .B .E ., C .B ., F.R.S.

O n A p ril 30, V ice-A dm iral S ir J o h n  E dgell re tire d  
fro m  th e  p o s t o f H y d ro g rap h e r o f th e  N a v y  w h ich  he 
h a d  h e ld  since 1932. S ir J o h n  h as seen fifty -one 
years  o f service in  th e  N avy , a n d  h a d  been in  th e  
S u rvey ing  Service for fo rty -th ree  years . H e  h e ld  th e  
p o s t o f hy d ro g rap h e r fo r longer th a n  a n y  o th e r  officer 
s ince  A dm ira l W h a rto n  (1884-1904) a n d  h a d  in  fac t 
don e so for m ore  th a n  tw ice  as  long as a n y  o f  h is  
predecessors in  th e  p o s t save one. T he w o rk  o f th e  
S u rvey ing  Service u n d er S ir J o h n  in  th e  m a jo r  o p e ra ­
t io n s  has been co m m en ted  on ag a in  a n d  ag a in  d u rin g  
th e  W ar, m ost n o ta b ly  p e rh a p s  b y  th e  la te  A dm ira l 
R am say  in  a  re p o r t on  th e  in v a lu ab le  he lp  g iven  in  
th e  p rep a ra tio n  for a n d  th e  co n su m m atio n  o f D  day . 
B u t  h e re  i t  is m ore ap p ro p r ia te  to  refer to  h is  in te re s ts  
in  m arin e  science generally . S ir J o h n  w as elected  
F .R .S . in  1943, a n d  w as th e  firs t H y d ro g rap h e r o f 
th e ' N a v y  to  receive th a t  h ig h  d is tin c tio n  since S ir 
M ostyn  F ie ld  (1904-9). H e  h a s  served  as  a  m em ber 
o f  th e  P o r t  o f L ondo n  A u th o r ity  since  J u ly  1941, 
a n d  h a s  now  ( it  is und ersto od ) becom e ac tin g  con­
se rv a to r  o f th e  R iv e r  M ersey. S h o rtly  a f te r  h e  w as 
ap p o in te d  H y d ro g rap h e r o f th e  N av y , he becam e 
ch a irm an  o f th e  S ub -C om m ittee fo r P h y sic a l O ceano­
g ra p h y  o f th e  N a tio n a l C om m ittee  for G eodesy an d  
G eophysics, a  p o s itio n  h e  s till holds. I t  is  well know n 
th a t  th e  “ D isco very” C om m ittee has, since i ts  ea rly  
days, h a d  ex cep tio n a lly  v a lu ab le  ass istan ce  from  th e  
H y d ro g rap h e r o f th e  N a v y  in  th e  p la n n in g  an d  
ru n n in g  o f i ts  fine ex p ed itio n s  to  h ig h  so u th e rn  
la titu d es , a n d  since S ir J o h n  succeeded A d m iral 
D ouglas on th e  C om m ittee, h is  help  h a s  been v e ry  
g rea tly  va lued .S ir J o h n  E dgell also ta k e s  p a r t  in  th e  D evelop m ent 
C om m ission’s w o rk  on fisheries research , an d , by  
p a rtic ip a tio n  in  th e  conferences o f th e  In te rn a tio n a l 
C ouncil for th e  E x p lo ra tio n  o f th e  Sea, h a s  becom e 
closely ac q u a in te d  w ith  foreign oceanographers. 
W h a t h as so fa r  been  sa id  touches  th e  p a s t  a n d  th e  
p resen t, b u t  i t  m a y  easily  be a p p re c ia te d  w h a t g rea t 
hopes B ritish  oceanographers hav e  fo r th e  fu tu re , 
know ing th a t  S ir  J o h n  is ap p ly in g  h is  v e ry  b e st 
efforts to  th e  en d  th a t  B r ita in  shall becom e possessed 
o f a  n a tio n a l in s t i tu t io n  o f oceanography . H e  has 
a lrea d y  p resided  o v e r m eetings o f scientific m en 
w ork ing  to w ard s  th a t  goal, a n d  p ro spec ts  seem  
prom ising , la rge ly  th a n k s  to  h is  en erg etic  in te re s t ; 
i f  B r ita in  shou ld  once ag a in  ta k e  u p  a  forem ost 
p o sitio n  in  th e  s tu d y  o f th e  sea, i t  w ill be g rea tly  
due to  S ir Jo h n .

Rear-Adm iral A . G . N. W yatt

R e a r -A d m ir a l  A . G. N . W y a t t , w ho succeeds 
S ir  J o h n  E dgell, w as b o m  in  1893, be ing  tw elve years  
y o u n g er th a n  h is  im m ed ia te  predecessor. I t  is in ­
te re s tin g  to  n o te  th a t  h e  is th e  firs t H y d ro g rap h e r 
to  en te r  th e  N a v y  a f te r  th e  w ith d raw a l o f H .M .S. 
B rita n n ia , an d , co nsequen tly , th ro u g h  th e  R o y a l 
N av a l Colleges a t  O sborne a n d  D a rtm o u th . H e  h a d  
th e  d is tin c tio n  o f be ing  selected  as  a  ch ief cadet 
c a p ta in  o f h is  te rm , ev idence th a t  a t  a n  ea rly  age he 
d isp lay ed  tho se  qu a lities  o f leadersh ip  a n d  ch arac te r 
so no ticeab le  in  la te r  life, a n d  th e  aw ard  o f th e  
R o y a l H u m an e  S ociety’s m edal for life-sav ing  in  a  
y a ch tin g  d isaster, w hen only  in  h is  e a rly  teens, w as

in d ica tiv e  o f h is courage a n d  pow ers o f endurance . 
H e  w en t to  sea a s  a  m id sh ip m an  in  1910. D u rin g  
th e  W ar o f 1914-18, h e  se rved  in  d estroy ers  a n d  in  
th e  b a tt le sh ip  P rince o f W ales a s  a  w atch-keeper, 
an d , d u rin g  th e  la s t y e a r  o f th e  W ar, in  com m and o f 
a  destroyer. As a  yo u n g  lie u te n a n t,  h e  w as an  ex p ert 
bo a t-sa ile r, a t  w h ich  he  excelled , even  in  a  p rofession 
w here a  h ig h  s ta n d a rd  o f proficiency  in  th a t  a r t  is 
a n tic ip a te d . I t  w as n o t  u n t i l  1918 th a t  he decided , 
on  jo in in g  H .M .S . M elisande  as  a  fo u rth  class a ss is ta n t 
su rv ey o r, to  devo te  h is  life to  th a t  service o f w h ich  
h e  w as destin ed , tw en ty -seven  y ears  la te r, to  becom e 
th e  head .

A  d is tin c tiv e  fea tu re  in  th e  new  H y d ro g ra p h e r’s 
career is h is  long p e rio d  o f service in  charge o f  
su rv ey s a t  s e a : he  h a s  co m m an ded  six  o f H .M . 
su rvey in g  ships, ex ten d in g  over a  period  o f fifteen  
y ears ; in  fac t, ex cep t fo r a  spell o f e ig h teen  m o n th s  
as  su p e rin te n d en t o f  c h a r ts  a t  th e  A d m ira lty  an d , 
ea rly  in  th e  p re sen t W ar, a n  a p p o in tm e n t fo r a  
sim ila r te rm  as a s s is ta n t h y d ro g rap h e r, h e  h a s  been  
in  ch arge  a flo a t since 1926, w hen  he  jo in ed  h is  firs t 
su rv ey in g  com m and, H .M .S . Ormonde. H is  h yd ro - 
g rap h ic  services h av e  ta k e n  h im  to  such  v a rie d  p a r ts  
o f th e  w orld  as  L ab rad o r, th e  P e rs ia n  G ulf, A u s tra lia  
a n d  N ew  Z ealand. D u rin g  th e  g rea te r  p a r t  o f th is  
W ar, A d m ira l W y a t t  w as in  com m an d  o f H .M .S . 
Challenger in  e a s te rn  w a te rs. O n re lin qu ish ing  th is  
com m and  to  ta k e  over h is  new  d u tie s , h e  received a  
le t te r  o f a p p re c ia tio n  fro m  th e  L o rd s  C om m issioners 
o f th e  A d m ira lty  fo r h is  services “ in  th e  v a luab le  
w ork  o f su rveys co m pleted  u n d e r y o u r d irec tio n  since 
y o u r a rr iv a l in  th e  ea s te rn  th e a tre  o f w a r” .
Educational Plans and Purposes

I n  accordance w ith  th e  genera l view  th a t  th e  s tu d y  
o f ed u ca tio n  is a  b ran c h  o f sociology, N ature  h as d u ly  
re p o rte d  to  i ts  read ers  th e  d iscussions th a t  led  to  th e  
E d u c a tio n  A c t o f 1944, a n d  th o se  th a t  h av e  so fa r  
re su lted  from  th a t  ev en t. A  new  s tep  h a s  now  been  
tak en . T he M in istry  is to  p u b lish  a  series o f p am p h le ts , 
th e  firs t o f w hich, b earin g  th e  t i t le  “ T h e  N a tio n ’s 
Schools : th e ir  P la n  a n d  P u rp o se” , h a s  ju s t  ap p ea red  
(L o ndon : H .M . S ta tio n e ry  Office, 1945. P p . 32.
6d. n e t) . H ere  th e  M in is try  com es to  close g rip s  w ith  
th e  fac ts , th e  ob jec t o f th e  p a m p h le t be ing  “ to  se t 
o u t som e reflections re la tin g  p lan n in g  to  purpo se  in  
te rm s, n o t  o f th e  legal ‘ch ild ’, b u t  o f liv in g  ch ild ren ” . 
E a c h  k in d  o f school is  te rse ly  d e a lt w ith , beg inn ing  
w ith  n u rse ry  a n d  in fa n t schools. H ere , b y  th e  w ay, a  
curious lapsus calam i a t t r ib u te s  to  M argare t M ac­
m illan  th e  g rea t say ing , “ E d u c a te  ev e ry  ch ild  as  i f  he 
w ere y o u r ow n” . I t  w as R ach e l’s say ing , rev e re n tly  
q u o ted  b y  h e r s is te r M argare t. T he  section  on ju n io r  
schools touches a  sore sp o t w h en  i t  rem ark s  th a t  so 
fa r  “ th e  ju n io rs  h av e  to o  o ften  h a d  to  m ak e  do w ith  
th e  accom m odatio n  av a ilab le  a f te r  th e  seniors h av e  
been d e a lt w ith ” .

I t  is, how ever, w hen th e  p a m p h le t leaves th e  s u b ­
je c t o f p r im a ry  a n d  en te rs  u po n  th a t  o f secon dary  
ed u ca tio n  th a t  th e  d ifficulties beg in . T h e  o ld  iden tific­
a tio n  o f secondary  a n d  g ram m ar-schoo l ed u ca tio n  
is tra c e d  to  i ts  h is to ric a l causes, a n d  b lam ed  for i ts  
u n fo r tu n a te  consequences. T h e  p ro m is in g  ju n io r  
tech n ica l schools, now  in  w holly  insufficient supply , 
a re  ex p la ined , th e ir  v i ta l i ty  a n d  successful develop­
m e n t be ing  a t t r ib u te d  in  p a r t  to  “th e ir  freedom  from  
th e  tie s  o f a n y  ex te rn a l e x a m in a tio n ” . I n  th e  sec tion  
on m o d em  schools we re a d  ag a in  th a t  “ free from  
th e  pressures o f a n y  ex te rn a l e x am in a tio n , these  
schools can  w ork  o u t th e  b est a n d  live liest fo rm s o f



secon dary  ed u ca tio n  su ited  to  th e ir  p u p ils” . I n  fac t, 
th e  M in is try  seem s to  e n te r ta in  de fin ite  view s as  to  
ex te rn a l ex am in a tio n s . C autiou s co m m en d ation  is 
g iven  to  ‘m u lti- la te ra l’ ex perim en ts  in  o rg an iza tio n . 
W e no te , how ever, th a t  in  th e  reco n stru c tio n a l p lan s 
o f c e rta in  co u n ties , th e  le tte rs  ‘G. T . M .’ fre q u e n tly  
in d ic a te  th a t  g ram m ar, techn ica l a n d  m od ern  ed u ca­
tio n  will be  com bined  in  one in s ti tu tio n  w h ich  will 
n o t be too  large.
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I n  h is p re s id en tia l ad dress before th e  an n u a l W h it­
su n tid e  conference o f  th e  A ssocia tion  o f T eachers in  
T echnical I n s t i tu t io n s  held in  L ondon, M r. C. J .  
T irre ll re fe rred  to  som e o f th e  m a jo r p rob lem s now  
em erging fro m  a t te m p ts  to  im p lem en t th e  1944 
E d u c a tio n  A c t in  th e  tech n ica l field. A t th e  level o f 
secon dary  ed u ca tio n , p a s t successful experience w ith  
ju n io r  techn ica l schools w ill be o f g re a t v a lu e  in  th e  
es tab lish m en t o f p ra c tic a l a n d  rea lis tic  cu rricu la , w hile 
th e  ex ten sio n  o f th e  school-life u n d e r th e  A ct to  a t  
least five y ea rs  opens u p  a  w ide field o f ed u ca tio n a l e x ­
p e rim e n t in  th e  techn ica l seco n d ary  school, w ith o u t 
p re ju d g in g  th e  issue as  to  th e  e x te n t to  w h ich  th e  
m u lti- la te ra l’ idea  m a y  be ap p lied . A n ex tension  o f 

th e  sy stem  o f  p a r t- t im e  d a y  release is essen tia l i f  p ra c ­
tic a l experience a n d  th e o re tic a l s tu d y  a re  to  be p ro ­
p e rly  co rre la ted , a n d  th e re  is a n  obv ious need  fo r a  
cen tra l council to  b rin g  to g e th e r  th e  u n iv ersitie s , te c h ­
n ica l colleges a n d  in d u s try , i f  h ig h e r technolog ical 
ed u ca tio n  is  to  m a in ta in  co n tac t w ith  in d u s tr ia l p ra c ­
tic e  in  a ll i t s  s tages  o f developm ent. M oreover, th e  
g re a t im p o rtan ce  o f c ra ftsm an sh ip  to  th e  m a n y  sm all 
in d u s tr ia l firm s (som e 100,000) seem s to  d em an d  th e  
es tab lish m en t o f new  n a tio n a l ce rtifica tes  in  c ra f ts ­
m an sh ip  w hich  w ould  ensure due a tte n t io n  being  p a id  
to  th e  n ecessa ry  techn ica l backg rou n d  u n d erly in g  all 
aspep ts o f  v o ca tion a l tra in in g .
Vocational Guidance

T h e  C ity  o f  B irm in g h am  E d u c a tio n  C om m ittee 
h a s  issued  a  re p o r t o f a  research  on “ Scientific 
V oca tion a l G u idance an d  its  va lue  to  th e  choice o f 
em ploym ent w o rk  o f a  L ocal E d u ca tio n  A u th o r ity ” . 
T h e w hole research , ca re fu lly  an d  co m p eten tly  ca rried  
o u t, h a s  ex ten d ed  over a  period  o f no  less th a n  eig h teen  
y ears , i ts  g enera l ob jec t being  to  a sce rta in  w h a t 
v a lue  th e re  is in  u s ing  psychological m e tho ds in  
a id in g  y o u n g  e n tra n ts  in to  in d u stry , com m erce an d  
th e  professions, b y  show ing clearly  a t  th e  o u tse t th e  
likelihood o f  success o r fa ilu re  in  c e rta in  b ran ches  o f 
em ploym en t. T he re p o rt  suggests t h a t  on  th e  s ta ff  
o f a  secon dary  school th e re  shou ld  be a t  least, one 
te a ch e r  co m p e ten t to  a p p ly  psychological te s ts ,  an d  
th a t  he o r she shou ld  w ork  in  close co -op era tio n  w ith  
a  specia lly  qualified  officer. T he re su ltin g  records 
shou ld  be u sed  fro m  tim e  to  tim e  to  enab le  decisions 
to  be  reach ed  as  to  th e  course o f a  ch ild ’s in s tru c tio n , 
an d  to w ard s  th e  end  o f th e  ch ild ’s school life to  
en ab le  th e  ju v en ile  em ploym en t officer, co -op era tin g  
w ith  th e  h e ad  a n d  w ith  th e  tra in e d  teacher, to  give 
re liab le  v o ca tio n a l gu id ance. T h e re p o r t, w h ich  
includes th e  m o st e lab o ra te  d e ta ils , m a y  b e  o b ta in ed  
fro m  th e  C ity  o f B irm in gh am  E d u ca tio n  C om m ittee 
fo r 2s. 6d.
British Council : 

Form ation of Agricultural D epartm ent
An  A g ricu ltu ra l D e p a rtm en t, w h ich  w ill be adv ised  

b y  a  p anel p res ided  over b y  P ro f. J .  A. S co tt W atso n ,

ch ief ed uca tio n  a n d  ad v iso ry  officer o f th e  M in is try  o f 
A g ricu ltu re , h as been se t u p  w ith in  th e  Science 
D e p a rtm en t o f th e  B ritish  Council, a n d  D r. W . T . H . 
W illiam son has been  a p p o in te d  d irec to r  o f th e  new  
D ep artm en t. S ince th e  fo rm atio n  o f th e  Science 
D e p artm en t o f th e  B rit ish  Council in  1941, i t  h as 
been fo un d  th a t  m a n y  o f th e  inqu iries  from  ab ro ad  
re la te  to  ag ricu ltu re . I n  consequence, th e  D e p a r t­
m e n t o f A g ricu ltu re  h a s  been c rea ted  to  co n tro l, 
co -o rd in ate  a n d  ex ten d  th e  w ork  a lrea d y  begun  in  
th is  d irec tion . P ro m in en t ag ric u ltu ra l scientific 
w orkers h ave  m ad e  v is its  ab ro ad  u nd er th e  auspices 
o f th e  B ritish  Council a n d  p ro v id ed  rep o rts  on  th e  
ag ricu ltu re  o f som e foreign co untries. I t  w ill be one 
o f th e  fu nc tio n s  o f th e  new  D e p a rtm en t to  follow  up  
these  rep o rts  a n d  to  p ro v id e  ex p ert in fo rm atio n  on 
how  fa r  th e  ag ric u ltu ra l needs o f th e  co u n tries  co n­
cerned can  be p ro v id ed  for b y  th e  n a tio n s  o f  th e  
B ritish  C om m onw ealth . I t  w ill p resen t th e  ach ieve­
m e n ts  o f B ritish  ag ricu ltu re  to  o th e r  co u n trie s  an d  
keep th em  sup p lied  w ith  u p -to -d a te  in fo rm atio n  on 
a ll ad vances in  p rac tic e  a n d  science. E x p erim e n ts  
h av e  a lrea d y  been m ad e  in  th e  d is tr ib u tio n  o f 
o rig inal a rtic le s  for rep ro d u c tio n  in  th e  techn ica l 
p ress  overseas.

D r. W illiam son  h as  been ad v ise r in  a g ric u ltu ra l 
ch em istry  to  th e  U n iv e rs ity  College o f S o u th  W ales 
a n d  M onm outhsh ire . T h is  p o s t w as a  w a r-tim e  
crea tion , b u t  he  h a s  b u ilt  u p  a  d e p a r tm e n t w h ich  
is now  rend ering  v a lu ab le  service to  th e  fa rm in g  
co m m u n ity  in  S ou th  W ales and M onm outhsh ire . 
B efore th e  W ar h e  w as, fo r eleven years, ch ie f chem ist 
to  th e  E g y p tia n  M in is try  o f A gricu ltu re . H e  was 
en tru s te d  w ith  th e  reo rg an iza tio n  o f th e  d e p a r tm e n t 
a n d  ex p and ed  i t  to  m ore th a n  th ree  tim es  th e  size 
o f th e  orig inal, housed  in  lab o ra to ries  designed by  
h im self a n d  w ith  g re a tly  ex tend ed  ac tiv itie s  in  th e  
w ay  o f research , ad v iso ry  w ork  a n d  ro u tin e  an alysis. 
In  1937, in  reco gn ition  o f  h is  services, h e  w as c rea ted  
a  co m m ander o f th e  O rder o f th e  N ile b y  th e  K in g  
o f E g y p t. D r. W illiam son  h as also served  on th e  
s ta f f  o f th e  E d in b u rg h  a n d  E a s t  o f S co tlan d  College 
o f A g ricu ltu re  a n d  th e  U n iv e rs ity  o f A berdeen .

Proposed N orth Polar Flights

S e v e r a l  flights over th e  n o r th  geo g raph ica l pole 
hav e  been m ad e since R ear-A d m ira l R . E . B y rd , 
U .S .N ., m ade th e  fligh t in  1926 u s in g  S p itsbergen  
as  a  base. M ost im p o rta n t w as th e  S ov iet ex p ed itio n  
o f 1937-38, b u t  m ore flights a re  req u ire d , n o t  p ro b ­
ab ly  fo r geographical d iscovery  b u t  fo r m a g n e tic  an d  
m eteorological research . F lig h ts  over A rc tic  C anad a 
hav e  been m ad e  on severa l occasions. I t  is now  
an nounced  th a t  a  series o f fligh ts over b o th  th e  geo­
g rap h ica l a n d  m ag netic  poles a re  be ing  m ad e  b y  an  
ex ped ition  fro m  th e  E m p ire  A ir N a v ig a tio n  School 
o f R .A .F . F ly in g  T ra in in g  C om m and. T he a irc ra f t 
u sed  is th e  L an cas te r A ries  w hich w as flown ro u n d  
th e  w orld  la s t a u tu m n  b y  W ing-C om m ander D . C. 
M cK inley. F o u r  new  R olls-R oyce M erlin  X X IV  
engines hav e  been in sta lled . T he base o f th e  ex p ed i­
t io n  is in  Ice lan d , a t  lea s t fo r th e  fligh ts over th e  
geographical pole. A  C anad ian  base w ill la te r  be 
used  fo r flights over th e  n o r th  m agn etic  pole in  
B o o th ia  P en insu la . T h e ob jects  o f th e  fligh ts are  
s ta te d  to  b e . to  ex am ine th e  behav io u r o f  com passes 
an d  a u to m a tic  dead-reckoning  gear, a n d  to  co llect 
d a ta  on engine h an d lin g  as well as  m agn etism  an d  
m eteorology. T h e  p lan e  carries  food for fo u r weeks, 
sledging g ea r an d  a rc tic  k it .  T he crew, a ll to ld ,
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n u m b ers  eig h t a n d  inc ludes a  m edical officer, W ing- 
C om m ander R . H . W infield.
Future of Base Metals

L i e u t .-Co l o n el . E d g a b  P a m , p re s id e n t o f th e  
In s t i tu t io n  o f M in ing  a n d  M eta llu rg y , de liv ered  h is 
p re s id en tia l ad d re ss  a t  th e  a n n u a l g en e ra l m ee tin g  
o f th e  I n s t i tu t io n  h e ld  on M ay 17. H e  p o in ted  o u t 
th a t  a  n o t  inco nsid erab le  p a r t  o f m a n k in d  as  a  
w hole depend  fo r th e ir  liv ing , o r fo r th e ir  co m fo rt 
a n d  convenience, on  base m e ta ls  su ch  as  copper, 
zinc, lead  a n d  n ic k e l ; a n y  im p o rta n t t r e n d  affec tin g  
th e ir  a v a ila b il i ty  is  th e re fo re  o f  g re a t genera l in te re s t. 
One effect o f th e  W a r h a s  been  th e  c o n cen tra tio n  o f 
a  lim ite d  lab o u r force on p ro d u c tio n  a t  th e  expense 
o f d ev e lo p m en t w o r k ; th e  ore re se rv e  o f m ost 
im p o rta n t m ines h a s  been  seriously  d e p le ted  an d , 
in  sp ite  o f efforts in tensified  d u rin g  th e  W ar, no 
ore bod ies o f re a l im p o rta n ce  h av e  been  discovered  
fo r m a n y  y ears. P rog ress h a s  been m a d e  in  m in in g  
a n d  m e ta llu rg ica l m e th o d s, b u t  no  ep och -m ak in g  
im p ro v em en t s ta n d s  to  o u r c red it since th e  d ev e lop ­
m e n t o f  f lo ta tio n . W ith  th e  re la x a tio n  o f  th e  d em an d  
fo r w a r uses, th e  su p p ly  in  th e  n e a r  fu tu re  shou ld  
be am p le  ; b u t  w ith in  a  few  y ears  a  sh o rtag e  seem s 
in d ica ted .

I n  o rd e r to  he lp  in  th e  Colonies an d  even p e rhap s  
in  G rea t B r i ta in  th e  opening u p  o f new  m ines an d  
in d u strie s , th e  G overnm ent should  in ten sify  a c tiv ity  
along th e  follow ing lines : (1) ex ten d  geological
surveys, inc lud ing  th e  bo ring  o f p ro m ising  reg ion s ; 
(2) su p p o rt u n iv e rs itie s  a n d  tech n ica l schools b y  
th e  eq u ip m en t o f lab o ra to ries , th e  p rov is io n  of 
scho la rsh ip s an d , ab ove a ll, b y  th e  assu ran ce  of 
such  co nd itio ns  o f  em p loy m en t fo r s ta ffs  t h a t  th e  
v e ry  h ig h est g rade  engineers  w ill be a t tra c te d  to  
th e  p o s t s ; (3) im prov e tra n s p o r t  fac ilitie s  an d
help  in  b u ild in g  c e n tra l pow er s ta tio n s  in  se lec ted  
area s  ; (4) im p ro v e  th e  g enera l ed u ca tio n  o f th e
p o p u la tio n , especially  in  th e  Colonies, w ith  p a rtic u la r  
em phasis  on  h e a lth , sa fe ty  a n d  th e  d ig n ity  o f lab o u r ;
(5) g ive ass is tan ce  in  th e  dev e lo p m en t o f  p ro m isin g  
new  p la n t  o r p rocesses w hich  req u ire  finance b eyo nd  
th e  pow er o f in d u s try  to  sup p ly . T h e  In s t i tu t io n  
has also a  p a r t  to  p la y . I n  th e  absence o f  a  C ham ber 
o f M ines in  L ondo n, i t  m ig h t consid er se tt in g  up  
an d  fo s te rin g  a  p e rm a n en t co m m ittee  a lw ays a v a il­
ab le  to  he lp  th e  G o v ern m en t o r a n y  o th e r  b od y  
a t  s h o r t n o tic e  b y  s tu d y in g  a n d  re p o rtin g  on te c h ­
n ical, ed uca tio n a l, h e a lth  o r w elfare m a tte rs .  Such 
a  co m m ittee  w o u ld  also w a tch  leg isla tion  a n d  in  
som e cases in i t ia te  d iscussion w ith  th e  a u th o ritie s  
in  E n g lan d  o r th e  Colonies.
Preventive Medicine in Mexico

D r .  An g e l  d e  l a  Ga eza  B b it o , d irec to r o f th e  
M exico School o f  H y g iene  (Bol. de la Oficina S an ita r ia  
Panam ericana, 23, 607 ; 1944), m a in ta in s  t h a t  m edical 
ed u ca tio n  in  M exico, w hile good on th e  w hole, h as 
failed  to  keep u p  w ith  th e  ra p id  p rogress in  m edicine 
an d  especially  i ts  social aspec ts. H e  declares t h a t  
m edicine is te n d in g  to  becom e a  business ra th e r  th a n  
a  profession. T he o n ly  gu ide fo r th e  av erage  s tu d e n t 
is  th e  m a te r ia l success o f m en  in  ce rta in  fields. P ub lic  
h e a lth  is  a  neg lected  b ran ch , a n d  th e  tim e  d ev o ted  
to  i t  in  m edical schools ranges from  43 to  100 hou rs, 
w h ich  is decided ly  insufficient. A n a t te m p t  should  
be m ad e  to  co rre la te  th e  clin ical, m ed ical a n d  surg ical 
aspec ts  o f disease w ith  th e  p rev e n tiv e  social asp ec t. 
T h e  s tu d en ts , fo r ex am ple , shou ld  v is it th e  hom es o f

ce rta in  p a tie n ts  in  co m pan y  w ith  a  social w orker to  
ga in  a n  insigh t in to  th e  influence o f backgroun d  
u p o n  disease.
Conference on Microfilm and other Docum entary  

Reproduction
A  c o n e e e e n c e  on m icrofilm  a n d  o th e r  m eans o f 

d o c u m en ta ry  rep ro d u c tio n , o rgan ized  b y  th e  A ssocia­
tio n  o f Special L ib ra rie s  a n d  In fo rm a tio n  B u reau x  
(A SL IB  M icrofilm  Service, V ic to ria  a n d  A lb ert 
M useum , L ondon, S.W .7), w ill be  he ld  a t  th e  R o y a l 
S oc ie ty ’s R oom s, B u rlin g to n  H ouse, L ondon, W .l ,  on 
J u n e  1 a t  10.30 a .m . an d  2 p .m ., a n d  J u n e  2 a t  
10.30 a .m . On J u n e  1 th e re  w ill be  p ap ers  an d  d is ­
cussions on m e th o d s o f d o c u m e n ta ry  rep ro du c tio n  an d  
i ts  scope a n d  use ; a n d  on a p p a ra tu s  a n d  its  use in 
l ib ra ry  services a n d  tra in in g . O n J u n e  2, a  ‘b ra ins 
t r u s t ’ m eeting  w ill be  h e ld  a t  w h ich  a  scientific m an , a  
h u m a n is t a n d  a  l ib ra r ia n  w ill d iscuss w ith  rep re sen ta ­
tiv e s  o f th e  legal profession, a u th o rs  a n d  pub lishers, 
th e  ex istin g  co p y rig h t leg islation  in  connexion w ith  
d o c u m e n ta ry  rep ro du c tion . T ick e ts  o f adm ission  can  
be  o b ta in ed  from  th e  A S L IB  M icrofilm  Service : 
single session, 7s. 6d., w hole conference, 15s. fo r 
m e m b ers ; I t s .  an d  £1 fo r non-m em bers.
The Night Sky in June

N e w  m oon occurs on  J u n e  lOd. 04h. 26m. u.T. 
a n d  full m oon on J u n e  25d. 15h. 08m . T h e follow ing 
co n jun c tion s  w ith  th e  m oon ta k e  p la c e : J u n e
6d. 12h., M ars 4° N . ; J u n e  6d. 21h., V enus 3° N . ; 
J u n e  l i d .  18h., S a tu rn  0-6° S . ;  J u n e  16d. 21h., 
J u p i te r  4° S. I n  ad d itio n  to  th e se  co n junc tions w ith  
th e  m oon, M ercury  is in  co n jun c tion  w ith  S a tu rn  on 
J u n o  24d. l l h . ,  M ercury  be ing  2 -2 ° N . On J u n e  
l i d .  18h. 38m ., S a tu rn  is occu lted  b y  th e  m oon, 
reap p earan ce  ta k in g  p lace  a t  19h. 2 9 -8m. N o occulta- 
tio n s  o f s ta rs  ta k e  p lace d u rin g  th e  m o n th . M ercury 
rises a b o u t 20 m in u tes  before sunrise  on  J u n e  1 an d  
se ts  a b o u t an  h o u r a f te r  su n se t on Ju n e  30. T he 
p la n e t is in  superio r co n jun c tion  on J u n e  16. V euus 
is a  consp icuous ob jec t in  th e  ea ste rn  sk y  in  th e  
m orn in g  horns, ris in g  a t  2h. 22m . on J u n e  1 a n d  
lh .  30m. on J u n e  30. I t  a t ta in s  its  g rea te s t w esterly  
elo ngation  on J u n e  24. J u p i te r  se ts  a b o u t lh . a t  
th e  beg inn ing  o f th e  m o n th  a n d  a t  23h. on  J u n e  30. v 
S a tu rn  is becom ing d ifficult to  observe an d  se ts  a b o u t 
an  h o u r a f te r  th e  su n  in  th e  m id d le  o f Ju n e . T here 
w ill be a  p a rtia l  eclipse o f th e  m oon on Ju n e  25, 
inv isib le  a t  G reenw ich, b u t  v is ib le  in  th e  an ta rc tic  
regions, A u stra lia  a n d  ea s te rn  A sia. Sum m er solstice 
is on  J u n e  2 Id . 19h.
Announcem ents

P b o e . W . J .  H a m il t o n , professor o f a n a to m y  a t  
S t. B arth o lom ew ’s H o sp ita l M edical School, h a s  been 
ap p o in te d  reg ius professor o f a n a to m y  in  th e  U n iv e r­
s ity  o f Glasgow.

P e o e . C. H . L a n d e b , professo r o f m echan ical 
en g ineering  a t  th e  Im p e ria l College o f  Science an d  
T echnology , L ondon , a n d  fo rm erly  d irec to r  o f fue l 
research , D e p a r tm e n t o f  Scientific a n d  In d u s tr ia l  
R esearch , h a s  been  aw ard ed  th e  M elch ett M edal for 
1945 o f th e  I n s t i tu te  o f F u e l in  recogn ition  o f h is 
w o rk  on fuel d u rin g  th e  p a s t  th i r ty  years.

E b e a tu m .— T he new  h e ad  o f th e  Science D e p a r t­
m e n t a t  th e  S o u th -E a st E ssex  T echnical College, 
D agenh am , is D r. J .  F . J .  D ip p y , n o t  D r. D ip p ing  
as  p r in te d  in  N ature  o f M ay 12, p . 571.
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Inheritance of Morphological Characters in 
the Sperms of Cattle

T h e  p u rp o se  o f th e  p resen t n o te  is to  reco rd  tw o 
findings w h ich  suggest th e  in h e ritan ce  o f  ce rta in  
m orpho log ica l ch arac te rs  in  bov ine  sperm s as m e t in  
N ew  Z ealand .

(1) T here  is a  fa ir ly  c o n sta n t d ifference in  th e  
shape o f  th e  F rie s ian  o r S h o rth o rn  sperm -head  w hen 
co m pared  w ith  th e  Je rsey . A fte r  a  len g th y  e x ­
perience, I  am  ab le  to  d is tin g u ish  be tw een  th e  tw o 
k ind s  o f  sperm -sm ears w ith  a  la rge  m easu re  o f 
accuracy . I n  a  rece n t te s t ,  s ix teen  sam ples w ere 
su b m itte d  b y  a  su perv is in g  m e a t in spec to r, w ho 
s ta te d  th a t  th e  sam ples w ere “ F rie s ian  a n d  Je rse y ” . 
D iffe ren tia tion  w as co rrec t in  each  o f th e  s ix teen  
sm ears. F rie s ian  a n d  S h o rth o rn  sperm s u su a lly  have  
w ider h e ad s  th a n  Je rse y  sperm s. R ecog n ition  o f 
differences in  o th e r  breeds, such  as  A yrsh ires, H ere- 
fo rds a n d  P o lled  A ngus, h as n o t been  sufficiently  
co n sta n t, so far, to  w a rra n t th e  s ta te m e n t th a t  th ese  
b reeds m a y  b e  p ick ed  from  Je rsey s  to  a n y  sign ifican t 
degree, a lth o u g h  H erefo rd s an d  A y rsh ires h av e  been 
sep a ra ted  fro m  Je rse y s  occasionally . I t  is  th o u g h t 
th a t  H ere fo rd s m ig h t u su a lly  b e  th u s  d iffe ren tia ted  
from  Je rse y s  b y  th e  s lig h tly  w ider sperm -head .

(2) T he possib le inh e ritan ce  o f o th e r  m orphological 
ch a rac te rs  w ith in  th e  Je rse y  b reed  m a y  also ju s tifiab ly , 
be rep o rte d  because o f th e ir  im p o rtan ce  fro m  asso c ia ­
t io n  w ith  p o o r fe rtility . I  am  convinced th a t  th e  
presence a n d  ab u n d an ce  o f sperm s w ith  th e  ab n o rm al 
ch a rac te r  o f  re - tu rn e d  ta ils  a n d  o f sperm s w ith  na rrow  
heads a re  la rg e ly  d e te rm in ed  b y  he red ity , th e  tw o 
ty p e s  o f ab n o rm als  being  in h e rite d  sep ara te ly . I  am  
especially  im pressed  b y  th e  fac t th a t  bu lls , th e  
a n ces try  o f  w hich led  m e to  ex p ec t a  c e rta in  sperm - 
p ic tu re , h a v e  show n th e  a n tic ip a te d  a b n o rm a lity  to  
a  m ark ed  degree on ex am ina tio n . M ore p a rtic u la r ly  
h a s  th is  been th e  case in  bu lls  w h ich  belong  to  th e  
fam ily  know n as  th e  Z  fam ily  an d  in  th e  ped igrees of 
w hich b u ll Z  figures on  th e ir  s ire ’s a n d  d a m ’s sides.

On occasion  th e  sperm -p ic tu re  h a s  been  fo re to ld  
w hen  th e  ped igree o f a  b u ll h as been k n o w n ; b u t 
th e  an a ly sis  o f pedigrees so fa r  perfo rm ed  does n o t 
en tire ly  convince c ritica l friends w ork ing  in  liv e ­
s to ck  genetics. M any  bu lls p ro m in en t in  pedigrees 
h av e  long  been  d ead  an d  w ere never w ith in  range, 
a n d  th e y  s ta n d  fa r  b ack  in  m o st pedigrees, th o u g h  
such  bu lls  m a y  ap p ea r severa l tim es  in  th e  sam e 
pedigree. T hese fo u n d a tio n  bu lls hav e  m a n y  descend­
a n ts  ; th e re fo re  a n y  bu ll h as a  good chance o f trac in g  
b a ck  to  one o f th ese  fo u n d a tio n  sires, a n d  I  h e a r  
m ore re a d ily  o f  bu lls  o f p oo r fe r ti l i ty  th a n  o f good 
ones. C au tion  m u s t th e re fo re  b e  exercised  in  c la im ­
ing inh eritan ce , b u t  fu r th e r  in v estig a tio n  is now  m y  
m a in  concern .

To show  th e  o rig in  o f th e  suggestion  o f in h e ritan ce  
o f c e rta in  ty p e s  o f sperm s, th e  th re e  ped igrees w hich  
p o in ted  th e  clue a re  given below.

I t  w as n o tic ed  th a t  th e  sp erm -p ic tu res  o f th ese  
th re e  bu lls w ere s im ila r  an d , on  in q u iry  be ing  m ade, 
i t  w as fou nd  th a t  th e y  were closely re la ted , th e  b u ll Z  
b e ing  a  p a te rn a l a n d  m a te rn a l ancesto r, in  d irec t 
m a le  line , o f th e  s ire  a n d  d am  o f  a ll th re e  bulls. 
B u lls  885 a n d  1334 a re  h a lf-b ro th e rs  th ro u g h  th e ir  
d a m  P ,  w hile b u ll 1334 is also  h a lf-b ro th e r  to  N o. 
1559 th ro u g h  th e ir  com m on sire  S .  T he  ty p e  o f 
sperm  n o ta b le  in  sem en fro m  th e se  th re e  re la te d  
bu lls  is  s im ila r to  th a t  show n b y  W illiam s in  “ T he 
D iseases o f th e  G en ita l O rgans o f D o m estic  A n im als” 
(1939 ed itio n , p . 376, F ig . 125 ); th is  sam ple  w as 
co llected  b y  m e, an d  th e  bu ll w as in  th e  sam e Z  
fam ily  a s  th e  th ree  w hose pedigrees a re  show n above. 
T h is  ty p e  o f  ab n o rm a lity  is  know n h e re  a s  ‘re - tu m e d  
ta i ls ’ because th e  ta i ls  a re  tu rn e d  b a ck  p a s t  th e  head , 
b u t  i t  is  n o t  suggested  t h a t  th is  is  th e  b e s t possible 
term ino logy . A n o th e r fam ily , p ron e  to  n a rro w  h ead s 
as  th e  p a rtic u la r  sperm -ty pe , is w ell d ep ic ted  in  th e  
sam e w ork  b y  W illiam s (pp. 380 a n d  381, figs. 128 
a n d  129) ; b o th  sam ples w ere co llected  b y  m e an d  
belong  to  th e  D  fam ily , th e  p a r tic u la r  sp e rm -ty p e  
o f  w hich, fo r tu n a te ly  know n to  h a v e  been  th a t  o f 
th e  fo u n d a tio n  bu ll, D , him self, is n a rro w  heads. I t  
m a y  be  m en tio n ed  th a t  th e  sam ples o f  w h ich  W illiam s 
gives p h o to g rap h s  w ere co llected  in  1930 an d  1933. 
F ig . 125 in d ica tes  a  b a d  b u l l ; F igs. 128 a n d  129 
in d ica te  to ta l  s te r ility . O n  th e  d a ta  an a ly sed , i t  
ap p ea rs  th a t  b u lls  w h ich  h av e  b u ll Z  as  p a te rn a l 
a n d  m a te rn a l an cesto r a re  e ig h t tim es  as  like ly  to  
h av e  a  sp erm -p ic tu re  som ew hat s im ila r  to  F ig . 125 
b y  W illiam s as  a re  bu lls  n o t  co nnec ted  w ith  Z  fo r 
severa l gen era tion s back . S im ilarly , b u lls  w h ich  
hav e  bu ll D  as  p a te rn a l a n d  m a te rn a l an ces to r  h av e  
five chances to  one o f show ing m a n y  n a rro w  h ead s 
w hen co m pared  w ith  th e  ab ov e-m en tion ed  lo t  know n 
as  ‘o th e r  bu lls’. I n  th e  m a tte r  o f fe r tility , o f a ll 
bu lls  w hose ped igrees a re  know n, th e  Z  fam ily  shows 
29 p e r  cen t s te rile  a n d  th e  D  fam ily  18 p e r  cen t 
s terile , as  ag a in s t th e  ‘o th e r  b u lls ’ g ro u p  w hich 
show s 13 p e r  cen t sterile .

C erta in  im p o rta n t fac to rs  in  th is  w o rk , nam ely , 
th e  ages o f  th e  b u lls  generally , th e  ages o f  th e  s te rile  
bu lls, th e  m e th o d s o f assessing f e r t i l i ty  a n d  th e  
reasons fo r ex am in a tio n , a s  well a s  d e ta ils  concerning 
o th e r  re la te d  groups, a re  to  be  d iscussed  in  a  la te r  
pap er. I t  is  ag reed b y  th e  c r itica l friends m en tio n ed  
above th a t  th e  slow ness o f b reed in g  w o rk  w ith  
large dom estic  an im a ls  a n d  th e  v a lu e  o f th e  econom ic 
s tak es  m ake i t  desirab le  to  in fo rm  fellow -w orkers o f 
s tro n g  susp icions w hen  m u ch  tim e  m a y  be  necessary  
for su b s ta n tia tio n . T he fac ts  t h a t  d iffe ren t b reeds 
o f b u lls  can  be recognized  b y  th e ir  p a r tic u la r  sperm - 
m orph o logy  a n d  th a t  th e  sperm -m orpho logy  o f c e rta in  
in d iv id ua ls  o f d iffe ren t fam ilies o r s tra in s  in  one b reed  
can  be a n tic ip a te d  seem  to  p o in t to  in h e rita n ce  o f 
th o se  specia l ty pes. D u rin g  th e  p a s t  fifteen  y ears  
i t  h a s  n o t  been  possib le  fo r m e to  p o in t to  a n y  o th e r  
cause, w h ich  w ou ld  b e a r  critic ism , fo r th e  lack  o f 
fe r t i l i ty  show n b y  so m a n y  yo u n g  bu lls. T h e  p resen t 
co n trib u tio n  is  th e  m ore  perm issib le  because o f  th e  
r ise  o f artif ic ia l in sem in atio n . B y  th a t  m eans"defective 
fe r ti l i ty  m ig h t be  sp read  w idely. I t  is  h o p ed  th a t  
o th e r  w o rkers m a y  b e  s tim u la te d  to  p a y  a t te n t io n  
to  th e  h e re d ita ry  basis  o f ab n o rm al sperm  m orph o logy  
o r o f som e ch a rac te r  o f sem en w hich  can  be co rre la ted  
w ith  im paired  fe rtility .

T.- A. B l a k e ,
R u a k u ra  A n im al R esea rch  S ta tio n ,

H am ilto n , N ew  Z ealand ,
F eb . 5.
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Calculation of the Results of 
Microbiological Assays

I n  v iew  o f th e  increasing  use o f m icrob iological 
m e th o d s for th e  a ssay  o f v itam ins , am ino-acids, e tc ., 
I  th in k  i t  im p o rta n t to  d irec t a t te n t io n  to  th e  fac t 
t h a t  th e  m e th o d  a t  p resen t em ployed o f  co m p u ting  
fro m  th e  ex p erim en ta l d a ta  an  e s tim a te  o f th e  
p o te n cy  o f th e  m a te r ia l assayed  n o t  o n ly  is th e o re tic ­
a lly  unso u n d , b u t  also m a y  in  p rac tic e  g ive a  re su lt 
w h ich  is m a te ria lly  in  error.

The p rocedure  o rig in a lly  described  b y  th e  p ioneers 
in  th is  field, a n d  w hich h a s  now  becom e cu sto m ­
ary , is a s  follows. T ubes a re  p u t  u p  co n ta in in g  
several g ra d u a te d  doses o f a  d ilu tio n  o f th e  p u re  

• n u tr ie n t  fa c to r  concerned  (herea fte r refe rred  to  as 
S tan d . P rep .) a n d  th ree  o r fo u r d iffe ren t doses of 
th e  e x tra c t being  assay ed  (T est P rep .) , besides th e  
‘b la n k ’, in  w hich  no a d d itio n  to  th e  b a sa l m ed iu m  
is m ade. A fte r th e  u su a l in cu b atio n , a n d  es tim a tio n  
o f th e  g row th  in  a ll tu b es  in  te rm s o f  a  t i t r a t io n ,  
tu rb id im e tr ic  read in g , o r o th e r  m e asu re m en t—for th e  
sake o f  g en era lity  th is  w ill b e  re fe rred  to  a s  th e  
‘respo nse’— a  cu rve  is p lo tte d  re la tin g  th e  dose D  of 
S tan d . P rep , to  th e  response Y .  F ro m  th is  cu rve 
th e  a m o u n t o f th e  n u tr ie n t  fa c to r  co rresponding  to  
th e  response y  o b ta in ed  fro m  each  dose d  o f T es t 
P rep , is  read  off. T h ree  or four e s tim a tes  o f th e  
p o te n cy  o f th e  T est P rep , a re  th u s  o b ta in ed , a n d  p ro ­
v id ed  th e se  do n o t  d iffer am ong  them selves b y  m ore 
th a n  a  ce rta in  a m o u n t ( ±  10 p e r  cen t is u su a lly  r e ­
g a rd ed  as  reasonab le  ag reem en t) th e ir  av erage  is 
ta k e n  as  th e  final resu lt.

I t  w ill be n o te d  th a t  th e  cu rve  re la tin g  dosage 
o f T est P rep , to  response is n o t  p lo tte d — or if  i t  is, 
i t  does n o t  affect th e  final ca lcu la tio n . I  there fo re  
re fe r to  th is  as th e  ‘s ing le-cu rve’ m e th o d  o f ca lcu la ­
tion .

T he re la tio n  be tw een  J) a n d  Y  is, over a  ce r­
ta in  ran g e  o f dosage-levels, v e ry  closely lin e a r  in  
m a n y  m icrobiological assays, so th a t  th is  eq u a tio n  
is t ru e  :

Y  =  A + B . D  .
B  is th e  ‘slope’ o f th e  line a n d  A  is th e  v a lu e  o f Y  
w hen D  =  0, t h a t  is, th e  in te rc ep t on  th e  Y  ax is  
m ade  b y  th e  line  w hen  p rodu ced  backw ards. In  
som e cases A  p rac tica lly  coincides w ith  th e  ‘b la n k ’, 
w h ich  is  th e n  a  p o in t on  th e  S tan d , line  ; b u t  in 
o th e r  assays th e  ‘b la n k ’ is off th e  line.

N ow  if  th e  response to  th e  T est P rep , is due  to  its  
co n ten t o f th e  p u re  n u tr ie n t  fa c to r  p ro v id ed  b y  th e  
S tan d . P rep ., w ith o u t au g m en ta tio n , d im in u tio n  or 
m od ification  b y  a n y th in g  else— a n d  th is  h y p o th esis  
lies  a t  th e  ro o t o f a ll assays— th e  cu rve re la tin g  dosage 
d, to  response y  m u s t b e  id en tica l w ith  th e  S tan d .

cu rv e  ex cep t th a t  th e  scale is d i f f e r e n t ; a n d  th e  
ra tio  o f th e  scalps is th e  o n ly  so u n d  m easu re  o f th e  
re la tiv e  po tencies  o f th e  tw o p rep a ra tio n s . T hus if 
(1) is tru e  o f th e  S tan d . P rep ., th e n  th e  follow ing 
fo rm  o f eq u a tio n  m u s t h o ld  fo r th e  T est P rep . :

y  =  a  -f- b . d ......................................(2)
a n d  fo u r im p o rta n t conclusions m a y  be draw n.

(1) I f  th e  S tan d , p o in ts  lie  close to  a  line , so should  
th e  T est p o in ts  also. M arked  lack  o f  lin e a r ity  w ould  
ren d e r th e  a ssay  suspect.

(2) T h e  ra tio  o f  th e  po ten c ies  o f  th e  tw o  p re p a ra ­
tio n s  is g iven  b y  b/B,  th e  ‘s lo p e -ra tio ’ o f th e  tw o  lines ; 
a n d  th e  p o te n cy  o f th e  T es t P rep , ca lcu la ted  from  
th e  s lope-ra tio  will b e  a  v a lid  s ta te m e n t o f th e  m ean  
po tency , over th e  ran g e  o f l in e a r ity  o f th e  S tan d . 
P re p ., irre sp ec tive  o f  th e  shap e  o f  th e  cu rve  ou ts id e  
th e se  lim its , p ro v id ed  th a t  th e  hy p o th es is  above 
re fe rred  to  is tru e .

(3) S ince th e  co n sta n ts  a, A ,  a re  in d ep en d en t o f 
th e  k in d  o r size o f dosage g iven , th e y  m u s t in  th e o ry  
be  equal. T h is  m eans th a t  i f  th e  T es t a n d  S tan d , 
lin es  a re  p lo tte d  on one g rap h — th e  scales chosen for 
each  be ing  im m ateria l, so long as  th e y  h a v e  th e  sam e 
o rig in— th e y  should  in te rsec t on  th e  ax is  o f response ; 
a n d  a n y  difference be tw een  th e m , if  g rea te r  th a n  is 
to  b e  ex p ec ted  from  th e  ch ance o p e ra tio n  o f ex p e ri­
m e n ta l erro r, casts  d o u b t on  th e  v a lid ity  o f  th e  assay , 
t h a t  is, i t  suggests t h a t  th e  basic  h y p o th esis  is n o t 
tru e . W h e th e r  th e  d ifference ( A  — a) fo u n d  in  a n y  
g iven  a ssay  is, o r is  n o t ,  b ig  enough  to  cause su s­
p ic io n  can, a n d  should , be te s te d  s ta tis t ic a lly  ; b u t  
th e re  is no  space to  go in to  th is  now.

(4) M ath em atica l in v e stig a tio n  shows th a t  unless 
( A  — a) is  ap p ro x im a te ly  zero , so t h a t  th e  tw o  lines 
in te rsec t on, o r v e ry  close to , th e  ax is  o f response, 
th e  ‘sing le-cu rve’ m e th o d  o f ca lcu la tio n  m ay  g ive 
re su lts  w hich, a lth o u g h  th e y  m a y  ag ree w ith  each  
o th e r  w ith in  10 p e r  cen t, nev erth e less  d iffer from  th e  
‘s lo p e -ra tio ’ re su lt b y  m u ch  m ore  th a n  th is  p e r­
cen tage . I t  is  tru e  th a t  in  such  a  case th e  w hole assay  
is  su sp ec t a n d  n e ith e r  m e th o d  m a y  g ive a  t ru e  re su lt ; 
b u t  i t  is v e ry  like ly  (see below) th a t  th e  ‘s lop e-ra tio ’ 
re su lt is  m u ch  n e a re r  th e  t r u th  th a n  a n y  o ther.

T h e  follow ing n u m erica l ex am ple  fro m  one o f 
severa l assays, th e  pro toco ls  o f w h ich  w ere recen tly  
show n m e, d e m o n stra te s  th a t  th e  m a t te r  is n o t 
m ere ly  o f academ ic  in te re s t.

R iboflavin (^gm .) T est prep, (mgm .)
Dose Blank 1 0*05 | 0 10 0 1 5 0-20 3 4* 6
M ean response (ml.) 1 06 12 -50 3 -80I 1 5-12 6-59 4-02 4 95 6-11

T h e S tan d , p o in ts  w ill b e  fo un d  to  lie  v e ry  close 
to  a  line  w h ich  includes th e  ‘b la n k ’. T he th ree  T est 
responses, re a d  off from  th e  line, lead  to  ribo flav in  
c o n ten ts  o f 35-7, 31-6 a n d  30-7 pgm . p e r  gm . 
re sp e c tiv e ly : m ean  3 2 '7  (Jgm. p e r  gm . T h e  th re e  
re su lts  a re  a ll well w ith in  10 p e r  cen t o f th e  m ean.

T h e  ‘s lo p e-ra tio ’ m e th o d  invo lves th e  p lo tt in g  o f 
th e  T est p o in ts  a s  well. T h ey  also lie  close to  a  line, 
b u t— u n lik e  th e  S tan d , line— it  does n o t  p a ss  th ro u g h  
th e  ‘b la n k ’ ; ( A a)  is, in  fac t, ap p ro x im a te ly  
0-85 m l. T he slopes o f th e  tw o  lines shou ld  be tak en  
fro m  th e  g rap h  ; b u t  th e  follow ing ap p ro x im a te  com ­
p u ta t io n  g ives in  th e  p re sen t case an  a lm o st ex ac t 
re su lt. T h e increase in  response fro m  0 to  0-20 pgm . 
o f r ibo flav in  is 6-59 — 1 06 =  5-53 m l., w hich is a t
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th e  ra te  o f 27 -65 m l. p e r  ggm . T he increase  in  re ­
sponse fro m  3 to  6 m gm . o f T est P rep , is s im ila rly  
6-11 — 4-02 =  2-09 m l., o r 696-7 m l. p e r  gm . T h e  
r ibo flav in  co n ten t o f th e  T est P rep , is g iv en  b y  th e  
ra tio  o f th e se  tw o  slopes, nam ely , 696-7/27-65 o r 
25-2 ggm . p e r  gm . T hus th e  re su lt o b ta in e d  b y  th e  
‘sing le-cu rv e’ m e th od , 32-7 ggm . p e r  gm ., is n e a rly  
30 p e r  cen t to o  h igh .

T h e ex p lan a tio n  o f  th e  d isc repan cy  is show n b y  
fu r th e r  an a ly s is  o f th e  d a ta . T he  firs t a n d  second 
a d d itio n s  o f  2 ggm . o f ribo flav in  p rod u ced  increases 
in  response o f 3-80 — 1-06 =  2-74 a n d  6 -59 — 3-80 =  
2-79 m l. respec tively , th a t  is, n ea rly  eq ual increm ents. 
B u t  th e  firs t a n d  second ad d itio n s  o f  3 m gm . o f T est 
P rep , w ill b e  seen to  h av e  g iven  increm en ta l responses 
o f  2-96 a n d  2-09 m l., w h ich  a re  m u ch  to o  u neq ua l 
fo r th e  d ifference to  be due m ere ly  to  ran d o m  errors. 
I t  m a y  b e  th a t  th e  firs t 3 m gm . o f  T es t P rep , p rov id ed  
th e  b a c te r ia  n o t  on ly  w ith  riboflav in , b u t  also w ith  
som e o th e r  fac to r  th e y  needed w h ich  w as partia lly  
defic ien t in  th e  b a sa l m ed ium  ; w hile th e  second 
3 m gm . p ro v id ed  ribo flav in  only , th e  deficiency in  
th e  o th e r  fac to r  be ing  now  fu lly  m ade up . T h is  
p o ss ib ility  is s tre n g th e n ed  b y  th e  fac t th a t  th e  
response to  th e  second 3 m gm . can  be su b d iv id ed  b y  
u sing  th e  response to  a  dose o f 4 }  m gm ., an d  th e  
tw o 1J m gm . inc rem en ts  a re  th en  seen to  h av e  p ro ­
d u ced  increases in  response o f 0-93 a n d  1-16 m l. 
resp ec tive ly— th a t  is, th e  d ifference is now  w ith in  
th e  lim its  o f ex p erim en ta l e rro r ; so th a t  th e  d is tu rb ­
in g  influence, w h a tev e r i t  m a y  be, ceases to  h a v e  effect 
a f te r  th e  f irs t 3 m gm . o f T est P rep , hav e  been  ad d ed .

M athem atica lly , th e  a ssay  as  a  w hole is  s u s p e c t ; 
b u t  i f  th e re  is  an y th in g  in  th is  a rg u m en t a t  a ll, th e  
in c rem en ta l responses to  th e  second 3 m gm . o f  T est 
P rep , sho u ld  b e  a  fa irly  good m easu re  o f i ts  r ib o ­
flav in  c o n ten t, even w hen  th e  in c rem en ta l response 
to  th e  firs t 3 m gm . is  n o t. T h is  is  th e  reason  w h y  I  
s ta te  above th a t  even  in  a  th eo re tica lly  in v a lid  
assay , th e  ‘s lo p e -ra tio ’ re su lt m ay  be reason ab ly  
n e a r  th e  t ru th .

I f  o th e r  w orkers w ill go b ack  th ro u g h  th e ir  records, 
p lo t th e ir  T es t P rep , lines on  th e  sam e g ra p h  as th e ir  
S tan d . P rep , lines, a n d  reca lcu la te  th e ir  resu lts  b y  
th e  ‘s lo p e -ra tio ’ m e tho d , I  be lieve th e y  w ill find 
m a n y  cases w here (a — A )  is susp iciously  large ; an d  
I  am  su re th a t  in  such  assays th e  ‘s lo pe-ra tio ’ ca lcu la ­
t io n  w ill lead  to  a  re su lt m a rked ly  d iffe ren t from  th e  
o ld  one. I n  a n y  ev en t, th e  use o f th e  ‘sing le-cu rv e’ 
m e th o d  sh ou ld  b e  ab and o n ed , as  h a v in g  no a d ­
v a n tag es  a n d  be ing  in h e re n tly  unso u n d  ; a n d  th e  
T est P rep , line  shou ld  alw ays be p lo tte d , i f  on ly  to  
give an  ‘ey esig h t’ te s t  o f th e  v a lid ity  o f th e  assay.

E r i c  C. W o o d .
V irol, L td .,

H a n g e r L ane , E a lin g , W .5.

Thiol -  Vitamin K Mechanism in the 
Clotting of Fibrinogen

F r o m  an  in v e stig a tio n  in to  th e  chem ical m ech an ­
ism s invo lved  in  th e  conversion  o f fibrinogen in to  
a  fib rin  gel, i t  ap p ears  th a t  th e  conversion 
occurs in  a t  lea s t tw o  stages. T he firs t s tage  
is m a rk ed  b y  th e  lib e ra tio n  o f th io l g roup s in  
th e  fibrinogen m olecule. T he second s tag e  is an  
o x id a tio n  o f th e se  th io l groups, w h ich  u n ite  to  form  
d isu lp h ide  linkages w ith  a d jacen t m olecules. I t  has 
been fou nd  possib le to  iso la te  th ree  in te rm e d ia te

p ro d u c ts  w h ich  reac t w hen th ro m b in  c lo ts fibrinogen. 
T h ro m b in  can  be d iv id ed  in to  tw o a c tiv e  co m p on en ts  
w h ich  have  sep ara te  a n d  d is tin c t functions. N e ith e r  
com ponen t w ill co nv ert, per se, fibrinogen in to  f ib r in ; 
b u t  th e  m ix tu re  o f th e  tw o w ill read ily  c lo t fibrinogen.

T h ro m b in  com ponen t A  reac ts  w ith  fibrinogen 
lib e ra tin g  th io l g roup s to  form  an  in te rm ed ia te , 
fibrinogen B , be tw een  fibrinogen a n d  fib rin . T h is  
in te rm ed ia te  is  fo rm ed d u rin g  no rm a l c lo ttin g  in 
ap p ro x im a te ly  a  te n th  o f  th e  tim e  req u ired  to  form  
a  fib rin  gel. T he in te rm ed ia te , w hen iso la ted , can  
be c lo tted  b y  th ro m b in  co m ponent B ,  o r  can  be 
im m ed ia te ly  co nv erted  in to  a  fib rin  gel b y  m in u te  
am o u n ts  o f 2 -m e th y l- l : 4 -nap h th o q u in o n e  in  50 p e r 
c en t alcohol so lu tion .

E x am in a tio n  o f th e  gels th u s  p rodu ced  b y  e ith e r  
th ro m b in  o r 2 -m eth y l-l : 4 -n ap h th o q u in o n e  using  
d a rk -g ro u n d  illu m in a tio n  an d  a  m ag n ifica tio n  o f 900 
d iam eters  show ed finely  fib rillary  gels, a n d  no d iffer­
e n tia tio n  could  be m ad e  betw een  th e  tw o.

E v iden ce  suggests t h a t  v ita m in  K  is e ith e r  a  
p ro s th e tic  p a r t  o f th ro m b in  com ponen t B ,  o r th a t  
i t  co n verts  a  p ro te in  frac tio n  in to  an  o x id a tio n  r e ­
d uc tio n  sy stem  w ith  a  p o te n tia l in  th e  v ic in ity  o f  th a t  
o f  v ita m in  K . S en sitiv e  co lour reac tio n s1.2 suggest 
th a t  a  qu inone s tru c tu re  is p resen t in  th e  th ro m b in  
m olecule. B o th  reag en ts  g ive a  s ligh t reac tio n  w hen 
ap p lied  to  th e  e th e r  e x tra c t o f th ro m b in  w h ich  has 
been  d igested  b y  try p s in .

T he reac tio n  be tw een  th ro m b in  an d  fibrinogen can 
b e  illu s tra ted  b y  th e  follow ing schem e :

E v iden ce  in  su p p o rt o f th is  schem e is b o th  polaro- 
g rap h ic  an d  chem ical. (1) P o la ro g rap h ic  an alysis  
show s a  re la tiv e ly  large n u m b er o f  th io l g roups in 
fibrinogen B . (2) S im ila r an alysis  show s re la tiv e ly  
few  in  n a tiv e  fibrinogen. (3) T he iso la tio n  o f  th ro m b in  
com ponen t A ,  w hich w ill co n vert n a tiv e  fibrinogen 
in to  fibrinogen B , b u t  w ill n o t  c lo t it. (4) T h e iso la­
tio n  o f th ro m b in  com ponen t B , w h ich  h a s  no re ­
ac tio n  u p o n  n a tiv e  fibrinogen, b u t  w hich w ill co nvert 
fibrinogen B  in to  a  fib rin  gel. (5) A d d itio n  o f sm all 
am o u n ts  o f th ro m b in  to  n a tiv e  fibrinogen tem p o ra rily  
increases th e  co n cen tra tio n  o f th io l groups. (6) F ib ­
rinogen  B  will gel im m ed ia te ly  upon  th e  ad d itio n  o f 
1 ;<gm. o f 2 -m eth y l-l : 4 -nap h th oq u in on e  in  50 per 
cen t alcohol p e r  m l. o f fibrinogen so lu tion , b u t  n o t 
u p o n  th e  ad d itio n  o f alcohol alone. N a tiv e  fibrinogen 
is unaffected  b y  an  excess o f 2 -m eth y l-l : 4 -n ap h th o ­
quinone. (7) W hen  th ro m b in  an d  fibrinogen have 
been reac tin g  for a t  lea s t a  te n th  o f th e  norm al 
c lo ttin g  tim e , c lo ttin g  is im m ed ia te  i f  a n  excess o f  
2 -m eth y l-l : 4 -n ap h th oq u ino ne  be  added . (8) I t  is 
essen tia l t h a t  th e  n ap h th o q u in o n e  be ad d ed  a f te r  th e  
th ro m b in , since th e  alcohol in  w hich  th e  n a p h th o ­
quin one is d issolved in h ib its  th e  fo rm ation  o f fib rino­
gen B. (9) T h ro m b in  d igested  w ith  try p s in  gives a  
co lour-reaction  ch a rac te ris tic  for n ap h th o q u in o n e  
w ith  2 : 4 -d in itro p h eny lhy d raz in e . (10) T he c lo ttin g  
o f  fibrinogen b y  th ro m b in  is  g rea tly  acce le ra ted  by  
perox idase  (w hich could  re-ox id ize th e  n a p h th o l form  
o f n ap h th o q u in o n e  re su ltin g  from  th e  o x id a tio n  o f  
th io l groups). (11) F ib rin o g en  in  b o th  form s ca ta lyses 
th e  iodine sod ium  az ide  reac tion , a  fu nc tio n  o f = S



an d  — S H  linkages, b u t  fib rin  does n o t  (— S-—S—  
linkage does n o t). (12) F ib r in  is  re a d ily  soluble in  
sod ium  sulph ide, w h ich  d is ru p ts  — S — S—  linkages.
(13) B lood  c lo ttin g  can  be in h ib ite d  b y  a n  excess of 
th io l com pounds a n d  b y  su b stan ces  w h ich  reac t w ith  
th io l g roups : (a) m e rcu ry  com pounds, (6) arsen ic  
com pounds o f th e  a rsenox ide  ty p e , (c) cyanides.
(14) T h e  im m ed ia te  o x id a tio n  o f th io l com pounds b y  
2 -m eth y l-1 : 4 -n ap h tho q u in on e  can be show n polaro- 
g raph ically .

I t  is n o t  suggested  th a t  th e  conversion  o f fibrinogen 
to  fib rin  occurs w h en  one m olecule o f fibrinogen is 
u n ite d  to  an o th e r b y  a  single — S— S—  linkage, b u t  
th a t  th e  fibrinogen m olecule co n ta in s  m a n y  p o te n tia l 
— S H  groups, a n d  th a t  th e se  u n ite  in  a  defin ite  
p a tte rn  form ing  long  chains an d  u ltim a te ly  g ive rise  
to  th e  ty p ic a l fib rin  gels.

D e ta ils  o f th e  ex p erim en ts 'w h ich  gave  rise  to  these  
findings w ill be  p u b lish ed  elsew here.

R a y m o n d  N . L y o n s . 
K a n em a tsu  M em orial I n s t i tu te  o f  P a th o lo gy ,

S ydney  H o sp ita l,
Sydney.
F eb . 13.

* Craven, R., J . Chem. Soc., 1605 (1931).
! Novell), A., Science, 93, 358 (1941).

Methionine and the Fatty Liver of Infant 
Pellagrins

On  a  p rev io us occasion, we w ere ab le  to  dem on­
s tra te  th a t  th e  in ten se ly  f a t ty  liv e r is a n  in va riab le  
co n co m itan t o f p e llag ra  in  in fan ts . T h is  f a t ty  liver 
responds poo rly  to  a  ba lanced  d ie t w ith , o r w ith o u t, 
sup p lem en ts  o f  v i ta m in  co ncen tra tes , chiefly o f th e  
B com plex ; i t  recovers slow ly w hen tre a te d  w ith  
crude liv e r e x tra c t  b u t  is ra p id ly  a n d  com pletely  
healed  b y  v en tricu lin 1-2.

I n  o rder to  o b ta in  fu r th e r  in fo rm atio n  concerning 
th e  n a tu re  o f th is  f a t ty  liver, w e dec ided  to  te s t  th e  
effects o f m e th io n in e  u n d er co ntro lled  conditions. 
T he a m o u n t o f  m e th ion ine  av a ilab le  to  u s  w as ju s t  
sufficient fo r tw o  cases. One ch ild  w as th ree  y ears  
o f age a n d  th e  o th e r  fifteen m on th s . A s a  con tro l, 
we u sed  a n o th e r  fifteen  m o n th s  old pe llag rin . T he 
th ree  cases w ere selected , n o t  on ly  on th e  b a s is  o f 
th e  clin ical c r i te r ia  on adm ission, b u t  also on th e  
s im ila r ity  o f th e  liv e r  lesion as  de te rm in ed  m ic ro ­
scopically.

T h e th ree  cases w ere su b m itte d  to  b io p sy  w ith in  
an  h o u r o f ad m ission  to  h o sp ita l, a n d  w hen i t  w as 
es tab lish ed  th a t  th e  frag m en t o f live r w as in tense ly  
fa tty , w ith  a lm o st ev ery  cell co n ta in in g  a  single, 
large g lobule o f  fa t ,  such  as is described  prev iously  
in  o u r ca teg o ry  l 2, o r ty p e  1 ,6  v a r ie ty 3, tre a tm e n t 
w as th e n  in s ti tu te d . T he  cases w ere p u t  on  th e  
sam e b asa l d ie t o f m ealie m eal (m aize) po rridge  an d  
h a lf-s tren g th  m ilk  an d , in  tw o  cases, m e th io n in e  w as 
ad d ed  in  am o u n ts  s ta te d  below . B iopsy  o f th e  liver 
was perfo rm ed  in  a ll cases soon a f te r  adm ission , a  
d ay  a f te r  th e  la s t dose o f m e th ion ine  or, in  th e  case 
o f th e  contro l, a t  th e  en d  o f one week.

Case 1 w as a  th ree -y ear-o ld  in fan t. A  to ta l  o f 
8 gm . o f m eth ion in e  w as ad m in is te red  o ra lly  over 
fo u r days. T he tre a tm e n t w as s to p p ed  because th e  
c lin ica l co nd ition  d e te rio ra ted  a n d  th e  oedem a becam e 
intensified . T he liver, a t  th is  stage, w as even w orse 
th a n  on  adm ission to  h o sp ita l. T re a tm e n t w ith  a  
full d ie t an d  v en tricu lin  re su lted  in  th e  d isap p earan ce

o f th e  oedem a flu id  w ith in  fou r d ays, a n d  th e  liv e r 
f a t  becam e ab so rbed , b u t  a t  a  m u ch  slow er r a te  th a n  
in  cases n o t  p re - tre a te d  w ith  m eth io n in e .

Case 2 w as ag ed  15 m o n th s . A  to ta l  o f  11 gm . 
o f  m e th io n in e  w as ad m in is te red  o ra lly  over seven 
day s. T h e clin ical co n d itio n  d id  n o t  im prov e a n d  
th e  oedem a becam e in tensified . A n o th e r  b io p sy  o f 
th e  live r w as pe rfo rm ed  a n d  th e  f a t  w as a lm o st as  
a b u n d a n t a s  a t  th e  o u ts e t o f th e  tre a tm e n t. A t th e  
en d  o f  th e  firs t w eek, w hen  th e  a d m in is tra tio n  o f 
m e th io n in e  w as s to pp ed , th e  v e n tric u lin  tre a tm e n t 
w as in s titu te d . T h is  ch ild  also  reco vered  slowly.

Case 3 w as th e  co n tro l a n d  also 15 m o n th s  old. 
O n adm ission, th e  liv e r w as in d is tin g u ish ab le , 
h isto log ically , fro m  th o se  o f Cases 1 a n d  2. T h is  
b a b y  received  no t r e a tm e n t o th e r  th a n  h a lf-s tre n g th  
m ilk  a n d  m ealie  m eal porridge . A lth ou gh  th e  clin ical 
co n d itio n  d id  n o t im prove, th e  liver, a t  th e  en d  o f 
one w eek, d id  show  som e d e te r io ra tio n . A fter t r e a t ­
m e n t fo r one w eek w ith  v e n tric u lin , th e  ch ild  m ade 
a  ra p id  b u t  u n ev en tfu l recovery .

I n  a ll cases th e  liv e rs  w ere ex am in ed  b y  fluo r­
escence m icroscopy. T y p ica l v i ta m in  A  fluorescence 
w as n o t  observed in  th e  K u p ffe r cells. H ow ever, 
m a n y  o f th e  b ig  d ro p le ts  o f  f a t  show ed a  d u ll greenish- 
w h ite  fluorescence. P o p p e r a n d  C h in n 4 m a in ta in , 
fro m  th e ir  ex p erim en ts  in  ra ts ,  th a t  v ita m in  A 
fluorescence d isap p ears  fro m  th e  liv e r in  choline 
d e fic iency ; b u t  in  h u m an  in fan ts  w e h av e  found  th a t  
th e  fluorescence o f th e  f a t  d ro p le ts  in  th e  liver cells 
rem ains, even a f te r  tr e a tm e n t w ith  m eth io n in e , an d  
th e  K u pffe r cells rem a in  free fro m  v ita m in  A  fluor­
escen t m a teria l.

F ro m  th is  in v e stig a tio n  we conclude : (a) I n  co n­
ju n c tio n  w ith  a  h igh  ca rb o h y d ra te  d ie t, m eth ion ine , 
in  th e  am o u n ts  used  over a  sh o r t p e rio d , does n o t  
rem ove th e  fa t  from  th e  livers  o f h u m an  pe llag rins 
in  a  m an n er co m p arab le  w ith  t h a t  described  for 
v en tricu lin . (6) F luorescence o f th e  fa t  d ro p le ts  in  th e  
livers o f in fan ts  does n o t  im p ly  th a t  th e y  w ill respond  
to  m eth io n in e , (c) M eth ion ine, u n d er  p resen t co n ­
d itio n s  s ta te d  above, n e ith e r  rem oves th e  oedema 
flu id  n o r  does i t  lead  to  c lin ica l im pro v em en t, (d) A  
h ig h  c a rb o h y d ra te  d ie t  in  in fan ts  h a s  n o t  th e  lip o ­
tro p ic  ac tio n  in  ch ild ren  w h ich  i t  h a s  in  m a n y  a d u lt  
p e llag rin s5, (e) E ith e r  m e th ion ine , in  th e  am o u n ts  u sed  
over 4 -7  days, is in cap ab le  o f ac tin g  as  a  lip o tro p e  
in  in fa n t pe llagrins, o r i t  req u ire s  som e a d d itio n a l 
d ie ta ry  su b stan ce  to  e x e r t i ts  lip o tro p ic  effect as 
C hannon et a l . 6 suggested  fro m  ex perim en ts  in  ra ts . 
( / )  V en tricu lin , in  co n ju nc tio n  w ith  a  fu ll d ie t, is 
s t i l l  th e  b e st t r e a tm e n t fo r  p e llag ra  in  in fan ts . T h e 
lim ite d  a m o u n t o f m e th io n in e  av a ilab le  to  u s  (20 gm .) 
p rev e n ted  u s  fro m  ca rry in g  o u t m ore  ex h au s tiv e  
ex perim en ts.

W e a re  in d eb ted  to  M r. B row n, o f G laxo L a b o ra ­
to ries , Jo h an n esb u rg , fo r th e  m e th io n in e .

T. G i l l m a n .
J .  G i l l m a n .

M edical School,
U n iv e rs ity  o f th e  W itw a te rs ran d ,

J  ohannesburg .
Feb . 28.

1 Gillman, J., Gillman, T., Inglis, J ., Friedlander, L., and Hammar.E., Nature, 154, 210 (1944).
! Gillman, T., and Gillman, J ., J . Amer. Med. Assoc., in the press.
* Gillman, J ., and Gillman, T., in the press.
* Popper, H., and Chinn, H., Proc. Soc. Exper. Biol, and Med., 49,202 (1942).
* Gillman, J., and Gillman, T., in the press.
* Channon, H. J ., Mainfold, M. C., and P la tt, A. P., Biochem. J ., 34,866 (1940).
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Control in Lum bricus te rrestris  L .
P r e v i o u s  w ork  on th e se  top ics (A dolph an d  

A d o lp h1, A d o lp h 2, M aluf3, W olf*, M aluf6, Wolf*) has 
assum ed  th a t  th e  ea rth w o rm  is a  fre sh w ate r an im al, 
a n d  th a t  vo lu m e changes a re  inversely  p ro p o rtio n a l 
to  changes in  th e  co n cen tra tio n  o f th e  b o d y  fluids. 
Soil an alyses (R ussell7) show  th a t  th e  osm otic  
p ressu re  o f  so il is h ig h e r th a n  th e  ab ove w orkers h av e  
assum ed . M oreover, in  th e  case o f a n o th e r  annelid , 
N ereis diversicolor, B ead le8 h as show n th a t  th e  b o d y  
volum e can  rem a in  co n s ta n t w hile th e  b o d y  flu id  is 
d ilu ted . B o th  assu m p tio n s  m a y  th e re fo re  prove 
unsound .

E arth w o rm s w ere k e p t in  filter p a p e r m o is ten ed  
w ith  sa line  so lu tion s, a n d  th e  co n cen tra tio n  o f  th e  
b od y  flu id  w as d e te rm in ed . T he b o d y  flu id  u sed  for 
each d e te rm in a tio n  co nsisted  o f a  m ix tu re  o f th e  
coelomic flu id  a n d  b lood  o f four w orm s. T h is  was 
an a ly sed  fo r ch loride, a n d  th e  co n d u c tiv ity  o f a  
w arm ed  d ilu te d  sam ple w as m easu red . C hanges in  
w e igh t w ere also  follow ed, th e  w orm s be ing  w eighed 
in  a i r  a f te r  gen tle  ro lling  on filte r paper. E q u ilib riu m  
b o d y  flu id  co n cen tra tio n s  a re  g iven  in  th e  u p p er g raph , 
an d  eq u ilib riu m  changes in  w e ig h t in  th e  low er g raph .

T h e u p p e r g ra p h  shows th a t  th e  an im al possesses 
w ell-developed pow ers o f co n cen tra tio n  regu la tion , 
w hich a re  eq u a lly  effective in  m ed ia  o f w idely  d ifferen t 
ca tio n  com positions. I t  can  m a in ta in  a  h yp erto n ic  
b od y  flu id  in  ‘d ilu te ’ m edia, an d  a  h y p o ton ic  bod y

flu id  in  ‘co n cen tra ted ’ m ed ia . F ew  an im a ls  so far 
in v estig a ted  a re  ab le  to  m a in ta in  h y p o to n ic  body  
fluids, a n d  in  each  case i t  h a s  been supposed  th a t  th e y  
hav e  evo lved  fro m  fresh  w a te r  (see B ead le8). I t  is 
possib le  to  a rgu e  in  a  s im ila r m a n n er th a t  Lum bricus  
h a s  evolved fro m  a  fre sh w ate r to  a  sem i-te rres tria l 
h a b ita t .  T h e ea rth w o rm  is c e rta in ly  no longer a 
fre sh w ate r an im al in  so fa r  as  i ts  osm otic  re la tio n sh ip s  
w ith  th e  en v iro n m en t a re  concerned.

T h e  low er g rap h  show s th a t  b o d y  w e igh t ( th a t  is, 
b o d y  volum e) depend s on th e  n a tu re  a n d  co n cen tra ­
tio n  o f th e  m edium . C om parison w ith  th e  o th e r 
g rap h  show s th a t  in  m a n y  m ed ia , volum es a n d  con­
cen tra tio n s  b o th  increase. V olum e co n tro l a n d  con­
c e n tra tio n  reg u la tio n  a re  a p p a re n tly  n o t  in tim a te ly  
co rrela ted , a t  lea s t u n d e r th e  p resen t ex p erim en ta l 
conditions. A lm ost a ll th e  p rev io us w ork  is based  
u p o n  an  inverse  re la tio n sh ip  be tw een  co ncen tra tio ns  
a n d  volum es, a n d  th e re fo re  som e rev is io n  o f  p a s t 
conclusions m ay  be necessary .

W il l ia m  S t e p h e n s o n . 
D e p a rtm e n t o f  Zoology.

U n iv ers ity  o f  B ris to l. M arch 12.
1 J . Exp. Zool, 43, 105 (1925).
! J . Exp. Zool., 47, 31 (1927).
* Zool. Jahrb., 59, 535 (1939).
* A not. Em ., 75 (suppl.), 139 (1939).
! J . CM. Comp. Physiol., 16, 175 (1940).
* Physiol. Zool., 13, 294 (1940).
7 "Soil Conditions and Plant Growth” (7thledit., 1937); see p. 532.
8 J . Exp. Biol., 14, 56 (1937).
* Biol. Rev., 18, 172 (1943).

Pigmentation of Orthoptera
T h e  w ings a n d  sk in  o f th e  green M a n tis  religiosa  L .  

co n ta in  n o t a  g reen b u t  a  yellow  a n d  a  b lu e  p igm en t. 
T h e yellow  p ig m en t is o f a  ca ro ten o id  ch arac te r, 
so luble in  alcohol, e th e r, chloroform , acetone , benzene, 
e tc . I t  is  inso lub le in  w a te r. T he p a r ts  tre a te d  w ith  
th e  e th e r  leave th e ir  b lue p ig m en t in  th e  w a te r. T h is  
p ig m en t is p re c ip ita te d  from  th e  aqueou s so lu tio n  b y  
am m o n iu m  su lp h a te  to  sa tu ra tio n . I t  is v e ry  p ro b ­
ab ly  a  ch rom o-pro te in  (orf/topterocyane). I t  is im m e­
d ia te ly  decom posed b y  a  few d rops o f  co ld  co ncen­
t r a te d  acetic  acid.

T he b lue co louring m a tte r  (orf/jopterocyanobiline) 
passes in to  chloroform , e th y l a c e ta te  o r am ylic  
alcohol. T hese so lu tion s g ive th e  G m elin  reac tio n  o f 
b ilia ry  p ig m en ts  (v io let rings, th e n  green) w ith  stro ng  
n itr ic  acid . T h e  aq ueou s so lu tions show  a  stro ng  
b iu re t reac tion .

T he p h y to p h ag o u s  O rth o p te ra , such  as  A  crida 
turrita  L . a n d  Phaneroptera quadripunctata, h a v e  th e  
yellow  a n d  b lue co m ponents, w hile in  th e  h in d  w ings 
o f Oedipoda caerulescens a n d  Oed. schochii th e re  is 
on ly  w ater-so lub le p igm en t.

T he green hsem olym ph also co n ta in s  th e  b lu e  and  
yellow  com ponents. A  green  drop , ab so rbed  b y  filter 
pap er, tu rn s  b lue in  a n  organ ic so lven t. A  b lue  drop  
is  in  tu rn  d issolved in  w ater.

T he b r ig h t red  h in d  w ings o f Oedipoda m im a ta  P a ll., 
as well as  an  orange-yellow  caro tenoid , co n ta in  a lso 'a  
re d  p ig m en t soluble in  w a te r. I t  is p ro b a b ly  a  chrom o - 
p ro te in  (orf/jop toroery thrino). I t  is decom posed b y  
acetic  acid , lik e  th e  b lu e  p igm en t. T h e re d  colouring 
m a tte r  (ort/sopteroerythrob iline) g ives th e  G m elin 
reac tion , w hile th e  aq ueou s so lu tion  show s a  stro ng  
b iu re t  reac tion .

S a l a h e t t i n  O k a y .
Zoological In s t i tu te ,

U n iv e rs ity  o f Is ta n b u l. J a n .  15.
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Easy Demonstration of Nuclear Division in 
an Animal Cell

T h e  chance ap p earan ce  o f  a  p e rfec tly  s ta in ed  
n em atod e  egg in  a  sm ear o f in te s tin a l P ro to zo a  p re ­
p a re d  b y  a  s tu d e n t (M arjorie In d ) led  to  th e  m ak in g  
o f p rep a ra tio n s  ad hoc. T he d e ta ils  o f nu c lear d iv ision  
in  these  were clear, a n d  as  cy to logy  is s tra n g e  g round  
to  m e I  co nsu lted  D r. C. D . D a rlin g to n .

T he w orm  firs t tre a te d  w as N em atosp iroides dubius  
B ay . (S trongylo idea), k in d ly  id en tified  b y  D r. H . A. 
B ay lis . I t  is a  v e ry  com m on p a ra s ite  o f  th e  u p p e r 
p a r t  o f  th e  sm all in te s tin e  o f th e  w oodm ouse, Apode- 
m us sylvaticus, p in k  in  colour, coiled in to  a  ch a rac ­
te r is tic  t ig h t  sp ira l colum n, th e  fem ale w orm  being 
a b o u t 10 m m . in  len g th . T he eggs segm ent to  e ig h t 
cells in  utero. A  m ouse m a y  y ie ld  m ore th a n  a  h u n d red  
w orm s, an d  in  th e  co lony in  m y  g a rden  all seem  to  
be in fec ted . T h ey  a re  ca u g h t b y  a  bo x  t ra p  w ith  
o a tm ea l on  th e  floor a n d  a  ra is in  on th e  trigger.

O w ing to  th e  large size o f  th e  eggs o f th e  worm  
th e  tr e a tm e n t is  r a th e r  slow. P u t  one to  four fem ale 
w orm s on a  coverslip  w ith  ju s t  enough  sa line  to  
hold th e m  ; c u t across rep e a ted ly  w ith  needles to  
release eggs a n d  pieces o f o v id u c t co n ta in in g  eggs 
a n d  s p e r m ; sm ear w ith  a  s tro k e  o f  th e  needle ; 
f lo a t film  dow nw ards on to  fresh ly  m ix ed  alcoholic 
B o u in ’s fluid ; reverse  a f te r  a  m in u te  an d  fix for 
th re e  hours. T h e sm ear is allow ed th i r ty  m in u tes  
a t  each  alcohol change an d  s ta in in g  is b y  D elafield’s 
hsem atoxylin , p o r t  w ine colour, o v e rn ig h t. D iffer­
e n tia te  w ith  1 p e r  cen t ac id  alcohol fo r th ree  ho u rs  ; 
b lue th e  film  in  s lig h tly  am m o n ia ted  alcohol o f th e  
sam e g rade  ; c lear w ith  clove oil fo r th i r ty  m inu tes 
a n d  allow  a  few  m in u tes  in  xylol before m ou n tin g .

T h e  com m on s tro n gy lo id  w orm , Oswaldocruzia  sp ., 
o f  th e  frog in te s tin e  answ ers eq ua lly  well, an d  no 
d o u b t m an y  o th e r  sm all n em ato d e  w orm s w ill do  so. 
T h is  opens u p  a  field o f in v estig a tion , a s  D r. D a rlin g ­
to n  say s th a t ,  in  sp ite  o f th e  classical ex am ple of 
A scaris, v e ry  l i t t le  is know n a b o u t th e  chrom osom es 
•of nem atod es. T h e c learest p ic tu re  is g iven  o f m eiosis 
in  th e  m a tu rin g  eggs, a  series o f severa l o ften  ly ing  
in  a  p iece o f o v id u c t an d  show ing successive steps. 
T h ere  are  six b iv a len ts  all show ing te rm in a l ch iasm ata , 
an d  a t  la te  m e tap h ase  th ese  ap p ea r  like  a  circle o f 
large diplococci w h ich  can  be co u n ted  w ith  th e  
1/6 ob jec tiv e  (see pho tom icrog raph). M itosis also can  
b e  follow ed in  th e  segm enting  egg, b u t  is less clear 
in ' de ta il th a n  m eiosis as  th e  chrom osom es ap p ear

as  a  ring , o r double rin g , o f  m in u te  g ranu les on  a  
q u ite  c lear sp ind le . C hrom osom e b ehav io u r is m uch  
th e  sam e in  b o th  th e  species o f w orm s exam ined . 
D r. D a rlin g to n  considers th a t  a  s tu d y  o f m eiosis w ill 
p ro ve  m ore im p o rta n t th a n  th e  m itosis  w hich does 
n o t  show  th e  fea tu re s  ( th a t  is, d im in u tio n ) o f th e  
A scaris  ty p e .

M ethods o f p rep a rin g  sm ears fo r chrom osom es are. 
o f course, well know n, b u t  th e  ap p lica tio n  to  n e m a­
to d e  w orm s ap p ears  to  be new , o r n o t  genera lly  
know n. I t  is  for i ts  po ssib ilities  fo r class w ork  th a t  
th is  casual d iscovery  m akes its  ap p ea l to  m e. T he 
zoologist need  no longer go to  p la n ts  fo r th e  dem on ­
s tra tio n  o f nuc lear d iv ision . T he w orm s from  w ild  
m ice, voles, frogs or to a d s  a re  av a ilab le  a t  a n y  tim e  
o f  th e  year. N o sk illed  d issec tio n  is req u ired  an d  th e  
techn iqu e  is sim ple. T he s tu d e n t w ho h as  helped  
m e w ith  th e  p re p a ra tio n s  w as successful in  h e r  first 
a t te m p ts  w ith  l i t t le  conning . I t  is h o p ed  th a t  som e 
w orker w ho h as access to  liv in g  hookw orm s, Ancylo- 
stom a  a n d  Necator, w ill m ak e  te s ts  w ith  these  an d  
re p o r t on th e  resu lts . T he eggs a re  v e ry  s im ila r to  
th o se  o f th e  w orm s here d e a lt w ith  a n d  shouldJ_be 
ev en  m ore  read ily  m a n ip u la ted .

L l . L l o y d .
T he U n ivers ity ,

L eeds, 2. M arch 17.

Species of Lucilia  Attacking Sheep in 
South Africa

T w o species o f L u c ilia  a re  s ta te d  to  be associa ted  
in  th e  sheep blow fly com plex in  S o u th  A frica. O f 
these, L u c ilia  cu prin a  W ied . is reg a rd ed  as  th e  m a in  
p r im a ry  fly  w h ich  produces s tr ik e  in  liv in g  sheep. 
L . sericata Mg., on  th e  o th e r  h a n d , is n o t  considered 
as  im p o rta n t in  th is  resp ec t, a lth o u g h  know n to  be 
th e  ch ief cause o f s tr ik e s  in  E urope.

T he sy s tem atic  s ep a ra tio n  o f th e  tw o species re s ts  
m a in ly  u p o n  a  difference in  th e  co lour o f th e  fem ur 
o f th e  fore-leg in  th e  a d u lt  fly. I n  L . cuprina  th is  is 
b r ig h t green ; in  L . sericata i t  is b lack . I n  L . cuprina  
th e  ab d om en  is g reen  w ith  a  b ronze  sheen ; in  a  
ty p ic a l L . sericata f ly , i t  is a  d is tin c t blue-green.

I n  a n y  b a tc h  o f field m a te r ia l co n ta in in g  b o th  
species, th e re  is n e a rly  alw ays a  g ra d a tio n  in  th e  
co lour o f b o th  fem ur a n d  ab dom en  so th a t ,  w ith  
ce rta in  ind iv iduals , a  co rrec t classification  is difficult. 
T h e co lour o f a  fly can  also v a ry  w ith  th e  com position  
o f  th e  la rv a l food supp ly . I n  a d d itio n , co lour is o ften  
m islead ing , an d  in  som e cases is la rge ly  d epend en t 
u p o n  th e  op in ion  o f th e  observer. I t  is there fo re  n o t 
a  scientific criterion .

T h e  tw o species o f flies a re  b io log ica lly  iden tica l. 
B o th  a re  a t tr a c te d  to , a n d  b reed  upon , carrion , an d  
b o th  occur in  w ounds on th e  liv in g  sheep. M oreover, 
th e y  in te rb re ed  read ily  in  c a p tiv i ty  a n d  th e re  is 
l i t t le  d o u b t th a t  th e y  also  do so in  N a tu re .

I n  b reed ing  ex perim en ts  ca rried  o u t a t  th is  L a b ­
o ra to ry , crosses w ere m ade  in  b o th  d irec tio ns  w h ich  
gave  r ise  to  fertile  p rogeny . I n  th e  L \  g enera tion , th e  
green  fem ur o f L . cu p rin a  a n d  th e  b lue-g reen  abdom en  
o f L . sericata p rov ed  to  b e  d o m in an t, a ll th e  progeny  
h av in g  these  tw o ch a rac te rs . I n  th e  F 2 g enera tion , 
seg rega tion  occurred , g iv in g  in d iv id u a ls  o f th ree  
ty p es, nam ely , (a) w ith  green  fem u r a n d  bronze- 
green  abdom en  (ty p ica l L . cuprina)  ; (6) w ith  green 
fem ur a n d  b lue-g reen ab d om en  (h yb rid s) ; (c) w ith  
b lack  fem ur a n d  b lue-g reen ab do m en  ( ty p ica l L . 
sericata).

I n  a  ty p ic a l b a tc h  o f F ,  p ro gen y  from  such a
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cross we o b ta in ed  : 57 ind iv id u a ls  o f (a) ; 201
in d iv id u a ls  o f (b) ; an d  62 in d iv id u a ls  o f (c). T h is  
g ives a n  a p p ro x im a te  ra tio  o f 1 : 4 : 1 .  T h is  ra tio  
w as reaso n ab ly  co n s ta n t w ith  all b a tch es  ex am ined . 
C olour, the re fo re , behaves as a  M endelian  c h a rac te r  
w ith  te tra p lo id  ch arac te ris tics .

I n  p rac tice , th is  re su lt m eans th a t  co lour ca n n o t 
be used  leg itim a te ly  as  a  m eans o f sep a ra tin g  th e  
tw o  species an d , i f  th is  is th e  only  ch a rac te r  av ailab le , 
th e y  sho u ld  be looked u po n  as, a t  th e  m ost, tw o 
form s o f th e  sam e species.

F ie ld  m a te r ia l alw ays co n ta in s  in d iv id u a ls  w hich 
confo rm  in  ap p ea ran ce  to  th e  h y b rid s  o f  th e  F ,  
g e n e ra tio n  m en tio n ed  above. T hus, i f  a ll flies e x ­
h ib itin g  a  g reen  fem ur a re  to  be p u t  dow n as  L .  
cu prina , w e a re  inc lu d in g  u n d er th is  fo rm  a  p ro p o r­
t io n  o f th e  p o p u la tio n  w hich, s tr ic t ly  speak ing , c a n ­
n o t  be s ing led  o u t as  e ith e r  L . cuprina  o r L . sericata 
b u t  w h ich  is, in  rea lity , th e  h y b rid  form . B ecause 
o f th is , i t  is m ore  th a n  p rob ab le  th a t  reco rds dealing  
w ith  L . cu prin a  b red  fro m  liv in g  sheep inc lude  th ese  
h y b rid s. T h is  w ould  exp la in  th e  v e ry  h ig h  p ro p o r­
tio n  o f  L . cu prin a  s a id  to  occur on  sheep  as  co n ­
tra s te d  w ith  th e  low  n u m bers  o f  L . sericata. I n  
rea lity , i t  is m ore  lik e ly  th a t  th e  ty p ic a l form s occur 
in  ap p ro x im a te ly  eq ual num bers.

I f  th is  is accep ted , th e  conclusion th a t  L . cuprina  
is th e  m a in  p r im a ry  fly  is incorrect. A lth o ug h  
A u stra lia n  w orkers reg a rd  th e  crossing o f  th e  species 
in  th e  field as  a n  u n lik e ly  con tingency , th e y  ad v an ce  
no co nvinc ing  reason  for th is  opin ion. As th e  h y b rid  
form  ap p ea rs  in  field co llections, w e a re  m ore ju s tified  
in  conclud ing  th a t  i t  does ta k e  p lace on an  ap p reciab le  
scale.

G. C. U l l y e t t . 
P a ra s i te  L ab o ra to ry , D iv ision  o f E n tom ology , 

D e p a rtm en t o f A g ricu ltu re  a n d  F o res try ,
P re to r ia . F eb . 5.

Origin of a Toxicity to Mycorrhiza in 
Wareham Heath Soil

C o n s i d e r a b l e  in te re s t h a s  been aroused  b y  th e  
researches o f  R a y n e r1 a n d  N eilson J o n e s 2 on a  g row th  
fa ilu re  o f conifers a t  W areh am  H e a th , D o rse t. T hese 
w orkers h a v e  d e m o n s tra ted  th a t  th is  g ro w th  fa ilu re  
is  assoc ia ted  w ith  th e  developm ent, in  th e  soil, o f a  
defin ite to x ic ity  to  th e  m y co rrh iza l fun g i no rm ally  
a sso c ia ted  w ith  th e se  trees, a n d  hav e  p resen ted  
convincing  ev idence th a t  th e  to x ic ity  is o f biological 
origin. N eilson  Jo n es  h a s  suggested  th a t  i t  m a y  be 
d u e  to  p ro d u c tio n  o f hyd ro gen  su lph id e  b y  aerob ic 
su lp ha te -redu c in g  b a c te ria . W e h av e  now  been ab le 
to  show  th a t  th e  to x ic i ty  m a y  be due, a t  least in  
p a r t ,  to  th e  p ro d u c tio n  o f fu n g is ta tic  organ ic s u b ­
stances b y  ce rta in  P en ic illium  spp . ch a rac te ris tic  o f 
th e  W areh am  soil m icroflora.

O ur ob serv a tio n s  on th e  m ou ld  flo ra  o f a  sam ple 
o f W areh am  soil, as  d e te rm in ed  b y  p la tin g  on  J e n s e n ’s 
ag ar, confirm  th o se  o f N eilson J  ones ; such  organ ism s 
as M ucor  spp ., Trichoderma viride, P en ic illiu m  
chrysogervum an d  F u sa riu m  spp ., a b u n d a n t in  m eadow  
or a rab le  soils, a re  v ir tu a lly  ab sen t. T he m ou ld  
flora is a lm o st re s tr ic te d  to  ce rta in  P en ic illiu m  spp ., 
th e  m o st a b u n d a n t o f th e se  being  severa l s tra in s  o f 
P .  janczew skii Z al., a  n u m b er o f s lig h tly  d iffering  
iso lates w h ich  a re  te n ta tiv e ly  a t t r ib u te d  to  P .  jen sen i 
Zal. a n d  a  n u m b er o f s tra in s  d is tin c t from  P .  janczew ­
sk ii  Zal. b u t  c learly  fa lling  in to  th e  group  described  
b y  T hom  as th e  P .  nigricans-janczew skii series.

C u ltu res o f th e se  m ou lds have  been grow n on a  
ran ge  o f liq u id  m ed ia  an d  these  have  been period ically  
assayed  for a n tib a c te ria l a c tiv ity  b y  seria l d ilu tio n  
te s ts  w ith  Staphylococcus aureus a n d  Salm o/iella typh i, 
a n d  for fu n g is ta tic  a c t iv i ty  by  a  spore g e rm in a tio n  
te s t  w ith  th e  co n id ia  o f B otrytis allii. U sing  th is  
techn iqu e , w e have  fou nd  th a t  th e  iso la tes  p ro v is io n ­
a lly  iden tified  as  P .  jen sen i, a f te r  seven d ay s  in c u b a ­
t io n  a t  25° C. on  a  R au lin -T h o m  m ed iu m , p rodu ce 
a  cu ltu re  f iltra te  w h ich  w ill in h ib it  g e rm in a tio n  o f
B . a llii co n id ia  a t  a  d ilu tio n  o f 1 in 64, a n d  grow th  
o f Staphylococcus o r Salm onella  a t  s im ila r d ilu tio ns. 
T he iso lates referred  to  th e  P .  nigricans-janczew skii 
series, on  th e  sam e m ed ia  an d  u n d e r s im ila r co nd itions, 
w ill p rodu ce  c u ltu re  filtra te s  in h ib itin g  g e rm in a tio n  
o f B . a llii co n id ia  a t  a  d ilu tio n  o f 1 in  32, b u t requires 
h igh er co ncen tra tion s  to  in h ib it  g ro w th  o f S ta p h y l­
ococcus o r Salm onella. W e have n o t  been  ab le  to  
d e m o n stra te  th e  p ro d u c tio n  o f in h ib itin g  substances, 
u n d er th e se  co nd itio ns , b y  th e  P .  ja nczew skii iso lates, 
b u t  we h av e  found  th a t  on  m ed ia  co n ta in in g  organ ic  
n itrog en , cu ltu re  filtra te s  a re  p rodu ced  h a v in g  a  
pecu liar d is to r tin g  effect on  germ -tub es o f  B . allii, 
even a t  d ilu tio n s  o f 1 in  500.

T he ac tiv e  a n tib io tic  sub stan ce  p ro du ced  b y  o u r 
s tra in s  o f P .  jen sen i h a s  been iso la ted  b y  ex tra c tio n  
o f th e  cu ltu re  f il tra te  w ith  chloroform , ev ap o ra tio n  
to  d ryn ess  a t  red uced  p ressu re  a n d  c ry s ta lliz a tio n  
from  e th y l alcohol. T he su b stan ce  th u s  o b ta in ed  
c rysta llizes from  e th y l a lcohol in  sm all colourless 
p rism s w hich  ap p e a r  th ro u g h o u t th e  liq u id  in c lusters 
resem bling  p a irs  o f w ings. I t  decom poses w ith o u t 
m e ltin g  a t  a b o u t 205° C., a n d  th e  decom p ositio n  p ro ­
d u c ts  m e lt a t  a b o u t 225° C. T he an a ly s is  o f th is  
su b s tan c e j(T a b le  1) agrees w ith  th a t  o f g lio to x in 3-4,6.

H ow ever, a u th e n tic  g lio to x in  p ro du ced  b y  T richo­
derm a viride5 c rysta llizes in  sep a ra te  p rism s from  e th y l 
alcohol, w hile large ro s e tte s  o f p rism s a re  fo rm ed  on 
th e  w alls o f th e  co n ta in e r. A lth o ug h  th e re  is  a  co n­
siderab le  d ifference in  th e  ap p ea ran ce  o f th e  tw o 
specim ens, a  co m p ariso n  o f th e ir  p ro p e rtie s  h a s  show n 
th e  tw o  to  be iden tica l. T he specific ro ta t io n s  agree 
w ith in  th e  lim its  o f ex perim en ta l erro r. F o r  a  so lu ­
tio n  o f 0 -4 gm . g lio to x in  fro m  P .  jen sen i in  100 m l. 
ch loroform  [<x]}J'5 w as — 248°, a n d  fo r a  so lu tion  
o f  0-65 m gm . g lio to x in  from  T .  viride  in  100 m l. 
ch loro fo rm  [a]},9 w as — 243°.

T he ab so rp tio n  sp ec tra  in  th e  u ltra -v io le t h av e  
been s tu d ie d  b y  M r. F . M. P ag e  a n d  D r. W . C. P rice . 
So lu tions o f th e  tw o  specim ens g ive th e  sam e a b so rp ­
t io n  curve.

B iological p ro p e rtie s  o f g lio to x in  fro m  P .  jen sen i 
an d  fro m  T . viride  a re  id en tica l, so i t  is  concluded 
th a t  th e  observed d ifferences in  size a n d  a rran g em en t 
o f th e  c ry s ta ls  w ere in  a ll p ro b a b ili ty  d u e  to  traces  
o f im p u rity  in  one o r o th e r  o f th e  sam ples.

W e have  fo und  g lio to x in  to  be h ig h ly  to x ic  to  
m ycorrh izal fungi. V ario us co n cen tra tio n s  o f g lio ­
to x in  w ere inc luded  in  m a lt-e x tra c t a g a r  (pH. 5-2) 
b y  ad d itio n  o f Seitz-filte red  aqueous so lu tions o f 
g lio to x in  to  tu b e d  a g a r  m ed ium  a t  40° C., followed
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by  ra p id  cooling to  av o id  decom p ositio n  o f th e  glio- 
to x in . T he degree o f g ro w th  o f a  ran g e  o f  m yco rrh izal 
an d  p seu d o m ycorrh iza l fu n g i on  th e se  m ed ia , a f te r  
fo u rteen  d ay s  in c u b a tio n  a t  25° C., is reco rded  in  
T ab le  2.

N ew m an a n d  N o rm an 6 h av e  p resen ted  stro n g  
ev idence th a t  th e  low  level o f  m icrob iological a c tiv ity  
in  sub-su rface so ils  is  d u e  to  th e  accu m u la tio n  o f a n t i ­
b io tic  m e tabo lic  p ro d u c ts  o f  c e rta in  so il organ ism s. 
I t  ap p ea rs  p lausib le  to  suppo se th e  to x ic ity  o f W are- 
h a m  so il to  m y co rrh iza l fung i, an d  i ts  generally  low
m icrobiological a c tiv ity , to  be due  to  accu m u la tio n
o f g lio to x in  a n d  o th e r  a n tib io tic  substan ces  produced  
b y  th e  P en ic illium  spp . d o m in a tin g  i ts  m ou ld  flora. 
I t  is rea lized  th a t  fu r th e r  in v estig a tio n  w ill be 
necessary  before final p ro o f o f th is  h y p o th es is  can 
b e  offered.

W e a re  m uch  in d e b ted  to  D r. M. C. R a y n e r  for
cu ltu re s  o f m y co rrh iza l an d  o th e r  fung i.

. P . W . B r ia n .
H . G. H e m m in g .
J .  C. M cG o w a n .

Im p eria l C hem ical In d u s tr ie s  L td .,
J e a lo t t ’s H ill R esearch  S ta tio n ,

B racknell, B erks. M arch 1.
1 Rayner, M. C„ Forestry, 8, 96 (1934); 10, 1 (1936) ; 13, 19 (1939); 15, 1 (1941).
’ Neilson Jones, W., J . Agric. Sci., 31, 379 (1941).
•Dutcher, J . D., J . Bad., 42, 816 (1941).
* Johnson. J . R., Bruce, W. F., and Dutcher, J . D., J . Amer. Chem.Soc., 65 , 2005 (1943).
5 Brian, P . W., Nature, 154, 667 (1944).
* Newman, A. S ., and Norman, A. G., Soil Sci., 55,[377 (1913).

Influence of pH and Salts on the Solubility 
of Calcium Oxalate

I t  h as been observed  th a t  ing estio n  o f soluble 
o xa la tes  ag g rav a te s  th e  co n d itio n  o f  oxa lu ria . 
B a r re t t1 has show n th a t  o x a la te  a b so rp tio n  is reduced  
o r even in h ib ited  w hen m ilk  or a  so lub le ca lcium

p h o sp h a te  ions a t  v a rio u s  p H  v a lues on th e  so lu ­
b i l i ty  o f calcium  o xa late .

T h e  genera l p rin c ip le  a d o p ted  w as th e  ad d itio n  o f 
v a rio u s  am o u n ts  o f  M /5  sod ium  hy d ro x id e  to  a  fixed 
am o u n t o f  M /5  ac id  a n d  d ilu tio n  w ith  w a te r  to  a  
fixed  volum e. F o r  exam ple , to  50 m l. M /5  p h o s­
ph o ric  ac id  5, 10, 15, e tc ., m l. M /5  so d ium  h yd ro x id e  
w ere ad ded  a n d  th e  to ta l  vo lu m e m ade  u p  to  200 m l. 
in  a ll cases. E xcess pow dered  ca lc ium  o x a la te  w as 
ad d ed  a n d  th e  m ix tu re  k e p t  a t  38° C. A fte r d e te r ­
m in in g  th e  p H  w ith  a  g lass elec trode p o ten tio m e ter, 
th e  m ix tu re s  w ere filtered  a n d  th e  filtra te s  t i t r a te d  
w ith  p o tass iu m  pe rm an g an a te . T h e  t i t r a t io n  values 
g iven  in  th e  accom p any in g  ta b le s  a re  in  m l. N / 100 
p o ta ss iu m  p e rm a n g a n a te  p e r  100 m l. filtra te .

F ro m  o u r re su lts  i t  ap p ea rs  th a t  th e  so lu b ility  o f 
ca lc ium  o x a la te  is l i t t le  affec ted  b y  a c e ta te  ions b e ­
tw een  p H  values 2-72-7-26, a n d  b o ra te  ions b e ­
tw een  p H  va lues 8-40-10-56. I n  th e  presence o f 
p h o sp h a te , how ever, th e  so lu b ility  decreases betw een 
p H  1-56 an d  p H  6-16, th e n  increases g rad u a lly  u p  
to  p H  8-2 a n d  th e re a f te r  v e ry  steep ly . M oreover, 
th e  m in im u m  so lu b ility  o f ca lcium  o x a la te  has a  
h ig h e r v a lu e  in  th e  p resence o f  p h o sp h a te  th a n  o f 
ace ta te s.

In  th e  p H  ran g e  6 ; 5 -8 -0  rep o rte d  to  be found  
n o rm a lly  in th e  in te stin e , th e  so lu b ility  o f calcium  
o x a la te  a n d  th e re fo re  a b so rp tio n  o f o x a la te  ions 
a ris in g  from  calcium  o x a la te  is sm all even in  th e  
presence o f p h o sp h a tes  o f  th e  food. Should co n­
d itio n s  arise  lead ing  to  a  g rea te r  a lk a lin ity  th a n  
p H  8-0, say , 8 -0-8-4 , in  th e  in te s tin e , we in fer fro m  
o u r re su lts  th a t  ab so rp tio n  o f ox a la tes  aris ing  from  
ca lcium  o x a la te  should  be considerab le  in  th e  presence 
o f pho sp hates. T h a t  th is  increase in  so lu b ility  is 
d u e  to  rep lacem en t o f o x a la te  b y  p h o sp h a te  is  bo rne  
o u t b y  p h o sp h a te  e s tim a tio n s  on  f iltra te s  co rrespond­
ing  to  p H  7-58 an d  p H  10-40 (T able 1). A lth ough  
th e  in itia l co n cen tra tio n  o f p h o sp h a te  in  th e  tw o  
buffers w as iden tica l, th e  final values w ere in  th e  
ra tio , p h o sp h a te  (p H  7-58) : p h o sp h a te  (p H  10-40) =  
80 : 1.

sa lt  is tak en  sim ultan eously . H e  ex p la ins th is  a s  an  
im m o biliza tion  o f th e  o x a la te  as  ca lc ium  oxa la te , 
w hich is a lm ost insolub le a t  th e  p H  o b ta in in g  in 
th e  in te stin e . W h e th e r  in te s tin a l a b so rp tio n  o f ca l­
cium  o x a la te  is influenced b y  o th e r  ions has been 
l i t t le  in vestig a ted . F isk e  a n d  L o g an 2 h ave  n o te d  
th e  effect o f m agnesium , p h o sp h a te  a n d  su lp h a te  on 
th e  so lub ility  o f calcium  o x a la te  b u t  h ave  n o t 
p resen ted  q u a n tita tiv e  d a ta . W e h ave  in vestig a ted  
q u a n tita tiv e ly  th e  effects o f  ace ta te , b o ra te  an d

A  sim ila r d isp lacem en t w as observed  on th e  surface 
o f a  specim en o f u r in a ry  o x a la te  s ton e  w hen  i t  w as 
p laced  for a  d a y  in  a  Sorensen buffer o f p H  8-0.

A . A .  H o o v e r .
G. S. W lJE S IN H A .

F a c u lty  o f M edicine,
U n iversity  o f C eylon,

Colombo.
1 Barrett, I. F., Lancet, 213,1574 (1942).
! Fiske and Logan, J . Biol. Chem., 93, 211 (1931).
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Particle Shape

Mb . E . J .  W . W h it t a k e r  h as  d irec ted  a t te n t io n 1 
to  th e  f re q u e n t use  o f th e  te rm  ‘need le-sh ap ed ’ in 
chem ical l i te ra tu re  a s  a  loose d e sc rip tio n  o f ce rta in  
c ry s ta l shapes, a n d  proposes a  m e th o d  o f ca lcu la tin g  
a n  ‘ac ic u la r ity  coefficient’ to  m ak e  th is  d escrip tio n  
m ore precise. Such a  coefficient, how ever, w ould be 
c h a rac te ris tic  n o t  o f th e  sub stan ce , b u t  on ly  o f a  
p a rtic u la r  b a tc h  o f  i t  fo rm ed  u n d er co n d ition s  w h ich  
g ive rise  to  th e  p a rtic u la r  ‘h a b i t ’.

T h e b a re  descrip tio n , ‘n eed le-shap ed’, occurs f re ­
q u e n tly  w hen  a  co m plete  cry s ta llog rap h ic  descrip tio n  
seem s desirab le . I t s  u se  is som etim es a  confession 
o f  failu re , th e  c ry s ta ls  being  so th in  th a t  th e  observer 
ca n n o t d iscov er th e  ex ac t n a tu re  o f th e  te rm in a ­
tio n s . S om etim es one feels t h a t  th e  te rm  m ere ly  
ex presses lack  o f  in te re s t  in  th e  c ry sta llo g rap h ic  
d e ta ils .

T h e m easu rem en ts  w h ich  M r. W h itta k e r  suggests 
(th ree  on  each  c ry sta l)  w ou ld  invo lve a  consid erab le  
a m o u n t o f  lab ou r. I f  one’s p u rp o se  is to  describe  a  
sub stance , i t  w o u ld  seem  b e tte r  to  ex p en d  th e  effort 
on  a n  a t te m p t  to  d e te rm ine  a  few  crysta llog raph ic  
co n sta n ts  w h ich  w ould  be  t ru ly  ch a rac te ris tic . If, 
on  th e  o th e r  h an d , one is in te re s te d  in  chem ical 
re a c tiv ity  o r physica l p roperties, a  s tu d y  o f ‘h a b i t ’ 
m a y  b e  valuab le . I n  th is  case, how ever, th e  equi- 
d im ensional p a rtic le  (for exam ple , cube o r sphere) 
shou ld  be  reg a rd ed  as  one en d -p o in t in  th e  scale, as  
in  W ad ell’s  sp h e ric ity  nu m ber. W ad e ll2 expresses 
th e  sp h e ric ity  b y  th e  f ra c tio n  dn/D ,, w here dn is 
th e  d ia m e te r  o f th e  sphere  o f  th e  sam e vo lu m e 
as  th e  p a rtic le  a n d  D , is th e  d ia m e te r  o f th e  
c ircu m scrib in g  sphere. A  s lig h t m od ifica tion  o f 
th is  te s t  m a y  q u ite  easily  be ap p lied  to  rec ta n g u la r  
pa ra lle lep ip ed s, a n d  i f  th e  sides a re  c
th e  degree to  w h ich  th e  p a rtic le  ap pro ach es 
th e  eq u id im ensio nal h a b it  ( th e  cube) is c learly  
V abcja, th e  p e rfec t cube being  rep resen ted  b y  
u n ity . T h e cube possesses no  re la tiv e  elo ngatio n  
a long  i ts  ax es, a n d  one m od e o f estab lish in g  a  scale 
in  w hich th e  cube h as re la tiv e  elongation  o f 0 is to  
define th e  elo n gatio n  a s  1 — \/a b c /a . Som e m ay  
find i t  easie r to  com prehend  th ese  assessm en ts  i f  th e  
values a re  a ll m u ltip lied  b y  100, so th a t  one can  sp eak  
o f  a  cube as  being  100 p e r  cen t eq u id im ensional, an d  
a n  in fin ite ly  long needle a s  be ing  100 p e r  cen t 
‘a c icu la r’.

A  m ore d e ta iled  classification  o f  shapes b y  Z ingg3 
ta k e s  ra t io  in to  co nsid era tio n  in  a  som ew hat s im ila r 
m an n er to  th a t  used  b y  Mr. W h i t ta k e r ; b u t  Z ingg’s 
m e th o d  leads  to  th e  reco gn ition  o f tendenc ies to w ard s  
four h a b its  : spherica l (for h e  ap pro ach es i t  fro m  th e  
sed im e n ta ry  p e tro g ra p h e r’s p o in t o f view ), d isk ­
shaped , rod-like  an d  bladed .

I t  shou ld  be borne  in  m in d  th a t  w ith  m icroscopic 
pa rtic les , th e  m easu rem en t o f tw o  d im ensions m a y  
be a ll t h a t  is p rac ticab le , a n d  shape  assessm en ts  
based  on th is  lim ited  d a ta  m a y  be  b e t te r  th a n  no 
d a ta  a t  a l l4,5.

F r a n k  S m i t h s o n .
B ritish  P o tte rie s  R esearch  

A ssocia tion ,
P en k hu ll,

S tok e-on-T ren t.
'Nature, 155, 331 (1945).
'  Wadell, H., Pan-Amer. Geol., 61, 187 (1934).
* Zingg, T., Schweiz. M in. W. Pet. Mitt., 15, 39 (1935).
• Wadell, H., J . Geol., 43, 250 (1935).
s Rittenhouse, G., J . Sed. Petrol., 13, 79 (1943).

T h e  coefficients proposed b y  M r. E . J . W . 
W hittaker1 for expressing shapes o f rectangular 
parallelepipeda are n ot, in m y opinion, q u ite sa tis­
factory. The acicu larity coefficient (ac : b 2) does not 
really express true acicularity, because th e term  
‘acicular’ m eans ‘needle-shaped’ and is com m only 
applied to  elongated crystals w ith  a  cross-section  
approaching a  regular polygon. The term  ‘acicular’ 
cannot, str ictly  speaking, be applied to  elongated  
tabular crystals, w hich are usually  referred to  as 
‘la th s’, i f  short, and ‘blades’, i f  long. A gain, th e iso­
proportionality coefficient (a : b or b : c) does not 
express an y  significant shape, because it  is  based on 
tw o dim ensions only.

Various coefficients can be devised for expressing  
the habit o f crystals ; but I  th in k  th a t the following 
coefficients are better su ited  to  express th e char­
acteristic shaDe o f a rectanerular Daralleleninedon

M r. S. I .  T o m k e ie f f ’s  critic ism s o f  th e  coeffi­
c ien ts  I  hav e  propo sed  fo r expressing  p a rtic le  shape 
a re  based  on tw o  p o in ts  : th e  te rm  ‘a c ic u la r ity ’ 
ap p lied  to  th e  coefficient ac : b2, an d  th e  use o f a : b 
o r b : c as  th e  second sh ape  p a ram ete r. W ith  reg a rd  to  
th e  d e fin ition  o f a c icu la rity , I  w ould  p o in t o u t th a t  
m y  use o f  th is  te rm  is a n  ex tension  o f i ts  com m on 
m ean ing , so t h a t  i t  m a y  be ap p lied  in  a  generalized  
sense to  figures w ith  th ree  un equ a l p r in c ip a l d im en ­
sions. T h is  ex tensio n  is q u ite  analogo us to  th e  ex ­
ten sio n  o f th e  te rm s  p o s itiv e  an d  n e g a tiv e  a s  ap p lied  
to  th e  in d ic a tr ix  o f b ia x ia l c ry s ta ls  in  c ry s ta l optics, 
th e se  te rm s  be ing  d e riv ed  fro m  th e ir  use in  describ ing  
th e  in d ic a tr ix  o f u n ia x ia l crysta ls . A lso, a lth o u g h  
m y ,  iso p ro p o rtio n a lity  coefficient is  n o t a n  ex p lic it 
fu n c tio n  o f  all th ree , d im ensions, i t  is n o t  ind ep en d en t 
o f  a n y  o f th e ir  v a lues ow ing to  i ts  defin ition  as a : b, 
o r b : c, w h ichever is th e  sm aller, a n d  i t  does, in  
co m b in a tion  w ith  th e  ac icu la r ity  coefficient, u n iq u e ly  
express a n y  shape . A lth o u g h  th e re  is a  loss in  m a th e ­
m a tica l rig ou r here , th e re  is a  g rea t g a in  in  sim plic ity .

S a tis fac to ry  coefficients fo r describ in g  p a rtic le  
shape  m u s t sa tis fy  th e  tw o  m a th e m a tic a l c r ite r ia  : 
(1) T h e coefficients m u s t b e  hom ogeneous fun c tio n s  
o f  a, b a n d  c. (2) T h ey  m u s t b e  ind epen d en t.

T h ey  shou ld  also sa tis fy , so fa r  as  possib le, th e  
fo llow ing fou r co n d itio ns  : (3) T h e coefficients ap p lic ­
ab le  to  a  com plex sh ap e  sh ou ld  an a ly se  th a t  shape 
in to  tw o v a riab les  w h ich  a re  read ily  s ep a ra ted  su b ­
je c tiv e ly  in  th e  im pression  g iven  b y  th e  com plex 
shape . (4) T h e ir  n u m erica l va lues sho u ld  v a ry  along 
a  series o f shapes in  accordance w ith  su b jec tive  
e s tim a te s  o f  th e  changes occurring  from  one shape 
to  an o ther. (5) T h e coefficients should  be as  easily  
ca lcu lab le  a s  possib le from  th e  va lues o f a, b a n d  c. 
(T h is  is o f considerab le  p rac tica l im p o rtan ce  if  a  
large n u m b er o f p a rtic le s  is being  m easured .)

For a  cube, both  these coefficients are equal to  
zero.

S. I .  T o m k e ie f f .
K ing’s College,

Newcastle-upon-Tyne.
1Nature, 155, 331 (1945).
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(6) T he coefficients sho u ld  possess w h a tev e r o th e r  
p ro p e rtie s  m a y  b e  req u ire d  fo r th e  w o rk  in  con­
n ex ion  w ith  w h ich  th e y  are  to  be used.

E lo n g a tio n  a n d  ta b u la r i ty  p ro b a b ly  sa tis fy  con­
d itio n  (3) b e t te r  th a n  do th e  a c ic u la r ity  a n d  isopropor­
t io n a li ty  coefficients. B u t  su b jec tiv e  im pressions are  
m uch  less sen sitiv e  to  s lig h t changes o f shape  th a n  
a re  th e  n um erica l v a lu es  o f E  a n d  T  ; a n d  th e  ca lcu la ­
t io n  o f  these  coefficients invo lves a  consid erab ly  
g re a te r  n u m b er o f o p e ra tio n s  th a n  is  req u ired  for 
th e  ac ic u la r ity  a n d  iso p ro p o rtio n a lity  coefficients. 
W ith  reg a rd  to  co n d itio n  (6), th e  tw o  system s are  
p ro b a b ly  su ited  to  d iffe ren t pu rpo ses. T h us on m y  
sy stem  a  m ix tu re  o f  ta b u la r  sq u a re  p rism s an d  
e lo ng ated  ones w ou ld  a lw ays g ive  m ean  coefficients 
co rrespon d ing  to  a  sq u a re  p r ism  (or to  a  cube i f  th e  
v a lues w ere a p p ro p r ia te ly  d is tr ib u te d ), w hereas on 
M r. T om keieff’s sy s tem  i t  w o u ld  n o t.

E . J .  W . W h it t a k e r .
F ie ld  C ottage ,

W in d leh u rs t R o ad ,
H ig h  L ane,
S tockport.

Chem istry at the O ld er  Universities

I n  a n  a rtic le  in  N ature  o f F e b ru a ry  1 0  on “ C hem ­
is try  a t  th e  Oldoi; U n iv ers ities  o f B ri ta in  d in in g  th e  
E ig h te e n th  C en tu ry ” , D r. A rch iba ld  Clow rep e a ts  a  
n u m b er o f a ssertio n s  o f a  h ig h ly  f la tte r in g  ch a rac te r  
w h ich  have  been m ade  fro m  tim e  to  t im e  rega rd ing  
J o h n  M ayow, b y  B eddoes, Y ea ts , G o tch , G u n th e r 
a n d  o th e rs  ; s ta te m e n ts  w h ich  i t  is su re ly  tim e  to  
e lim in a te  from  th e  h is to ry  o f science. D r. Clow says 
th a t  M ayow ’s “ D e S al-n itro  e t  S p ir i tu  n itro -aereo  
h e ra ld ed  th e  la te r  d iscov ery  o f o xy gen” , a n d  he 
q uo tes, a p p a re n tly  w ith  ap p ro v a l, G u n th e r’s view  
th a t  M ayow  w as th e  “ g re a te s t ch em ist w hom  O xford 
ever p ro d u ced ” . Also he  says t h a t  “ M ayow  w as n o t  
an  asso c ia te  o f B oyle ; in deed  th e y  seem  to  h av e  
been m u tu a lly  u n a w are  o f each  o th e r’s w ork , an d  
M ayow ’s c o n trib u tio n s  rem a in ed  h id d en  fo r m a n y  
y e a rs” .

In  an  a r tic le  p u b lish ed  som e tim e  ago en title d  
“ J o h n  M ayow  in  C o n tem p orary  S e ttin g ” 1, I  p o in ted  
o u t t h a t  th ese  view s— as w ell as  m a n y  o th e rs  he ld  
reg a rd in g  M ayow— are  v e ry  erroneous ; a n d  t h a t  
M ayow ’s w ork, fa r  fro m  b e ing  in d ep en d en t o f B oy le’s, 
w as m ere ly  a  p a le  reflexion fro m  it .  M ayow , in  fac t, 
m en tio n s  B oyle fa ir ly  o ften , a n d  s ta te s  th a t  som e of 
h is  ex perim en ts  w ere s im ila r  to  tho se  o f  B oyle. P a r t  
o f h is  en deav o u r w as to  show  th a t  w h a t w e call n itr ic  
ox ide obeyed  B o y le’s L aw , a n d  a lth o u g h  h e re  he 
does n o t  m e n tio n  B oyle h e  v e ry  p ro b a b ly  th o u g h t 
th e  co nnex ion to  be  so obv ious as  n o t  to  req u ire  it. 
T h a t M ayow ’s w o rk  w as n o t  h id d en  a t  a ll is show n 
b y  th e  fa c t t h a t  i t  rece ived  ex ten siv e  rev iew  in  th e  
P h il. T rans, a t  th e  tim e  o f i ts  p u b lica tio n .

On th e  o th e r  h a n d , t h a t  B oyle w as aw are  o f M ayow  
seem s to  be c learly  in d ic a ted  b y  th e  fac t t h a t  
O ldenburg , in  a  le t te r  d a te d  J u ly  10, 1674, w ritin g  
to  B oyle, say s : “ I  h e a r  som e v e ry  lea rn ed  an d
know ing  m en sp eak  v e ry  s lig h tly  o f  th e  quinque 
T racta tus  o f  J .  M ., a n d  a  p a r tic u la r  f rie n d  o f you rs 
an d  m in e  to ld  m e y e ste rd a y , t h a t  a s  fa r  a s  he  h a d  
read  h im , he w ould  shew  to  a n y  im p a rtia l a n d  con­
s id erin g  m an  m ore  erro rs  th a n  one in  ev ery  p a g e” 2. 
A ll w ho have  rea lly  s tu d ied  M ayow ’s w o rk  a re  p re t ty  
ce rta in  to  agree w ith  these  “ lea rn ed  a n d  know ing

m e n ” . I t  is tim e  th a t  ou r p e rspec tive  rega rd ing  M ayow 
w as finally  an d  defin ite ly  read ju sted .

T. S. P a t t e r s o n .
U n iv ers ity  o f Glasgow.

1 7*i», 15, 47, 504 (1931).
* Boyle’s “Works” , 5, 3956 (1744).

I t  h as  been v e ry  k in d ly  p o in ted  o u t to  m e b y  
D r. K . R . W ebb, o f S o u th am p to n , t h a t  I  h av e  done 
less th a n  ju s tice  to  C am bridge ch em is try  b y  o m ittin g  
to  m en tio n  th a t  i t  w as I .  M ilner (1750-1820) w ho, 
a lth o u g h  Jack so n ian  p rofessor o f n a tu ra l  p h ilo so p hy  
a n d  n o t  a  ch em ist p er se, observed  in  1788 th a t  
am m o n ia  passed  o ver h e a te d  m anganese  d iox ide  is  
co n v erted  in to  re d  fum es w h ich  d issolve in  w a te r  
to  fo rm  n itr ic  acid . T h is  o x id a tio n  o f  am m on ia  no w  
effected c a ta ly tic a lly  b y  a tm o sp h eric  oxygen is th e  
b asis  o f th e  m o d em  com m ercia l m e th o d  o f p rep a rin g  
n itr ic  ac id . B o th  M ilner a n d  h is  successor, F . J .  H . 
W o llas ton  (1762-1823), ta u g h t  ch em is try  a n d  p u b ­
lish ed  p lan s  o f th e ir  courses.

O th er m in o r p o in ts  a re  ‘R o b in so n ’, p . 161, col. 2, 
lin e  38, shou ld  re a d  ‘R o b iso n ’ ; ‘V ag an i’ shou ld  read  
‘V ig an i’ th ro u g h o u t ; th e  in tru s iv e  co m m a betw een 
C ullen a n d  w en t, p . 160, col. 2, line  41, shou ld  be 
d e le ted  ; th e  f irs t o f R . W a tso n ’s E ssay s  ap p eared  
th re e  y ears  ea rlie r th a n  s ta te d  ; finally , a lth o u g h  
R . T . G u n th e r in  “ E a r ly  Science in  C am bridg e” 
(p. 225) g ives th e  d a te  1741, a p p a re n tly  M ickleburgh 
(or M ickleborough) h e ld  office u n til  1756.

O n th e  o th e r  h an d , a s  fa r  a s  O xford  is concerned, 
follow ing th e  long lin e  o f h is to rian s  fro m  B eddoes 
to  G u n th e r I  c red ited  J o h n  M ayow  w ith  being  one 
o f th e  g re a t lum in aries  o f ea rly  O xford  chem istry . 
T h a t  th is  is n o t so h a s  been d iscussed b y  P ro f. T . S. 
P a tte rso n , a n d  a ll ch em ists  in te re s te d  in  th e  early  
h is to ry  o f th e ir  su b jec t sh ou ld  re fe r to  h is  m a ste rly  
an aly sis  referred  to  above.

A r c h i b a l d  Cl o w .
D e p a rtm e n t o f C hem istry ,

M arischal College,
A berdeen .

Exypncpia
F r o m  t im e  to  t im e  I  h a v e  experienced , im m ed ia te ly  

u p o n  aw aken ing  fro m  sleep (gi;o7rvoj), th e  a b ili ty  to  
see w ith  illu m in a tio n  below  th e  th resh o ld  for scotop ic 
v is ion . T h is  pow er o f seeing in  th e  d a rk , w h ich  is 
tra n s ie n t,  is q u ite  d iffe ren t fro m  scotop ic (tw iligh t) 
v is ion  : th e  co lour red  can  b e  d is tin g u ish ed  ; a n d  
th e  field o f  v ision  is sm all. I  th in k  th a t  th e  p o rtio n  
o f th e  re t in a  em ployed  is th e  m acula lutea, a  p a r t  
w h ich  is  genera lly  reg a rd ed  as  b e ing  n ig h t-b lin d . 
T h a t  th e  illu m in a tio n  w as rea lly  below  th e  th resh o ld  
fo r sco top ic v ision  is confirm ed b y  m y  w ife w ho, on 
a t  lea s t tw o  o f th e  severa l occasions, observed  th a t  
th e  room  (w hich w as ‘b la ck ed -o u t’) w as p itc h -d a rk .

T h e  phenom enon a p p ea rs  to  m e to  b e  a n  in te re s tin g  
su rv iv a l o f  a  facu lty  w h ich  m u s t fo rm erly  hav e  been 
o f  considerab le  v a lue  to  m an , a  fa c u lty  analogous 
to  th a t  o f p rick in g  u p  th e  ears, w h ich  som e o f us—  
dou b tless  th e  less h ig h ly  civ ilized— still re ta in .

A. F . D u f t o n .
T h e K in g ’s Lodge,

H u n to n  B ridge,
H ertfo rd sh ire .

M arch 31.
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Some Interesting New Fishes

G e o r g e  S p r a g u e  M y e r s  describes tw o  rem ark ab le  
m in u te  b lin d  fishes a n d  som e re la te d  form s in  h is  
recen t w o rk  (“ Two E x tra o rd in a ry  N ew  B lin d  
N e m a to g n a th  F ishes  fro m  th e  R io  N egro , rep resen tin g  
a  N ew  S ub -fam ily  o f  P y g id iidae , w ith  a  R e-a rra n g e­
m e n t o f th e  G enera o f  th e  F am ily , a n d  I l lu s tra tio n  
o f som e P rev io u sly  described  G enera a n d  Species 
fro m  V enezuela a n d  B ra z il” . Calif. A cad. Sci. F o u r th  
Series. 23, N o. 40 ; N ov. 1944). T hese tw o  b lin d  
fishes, Pygidianops eigenmanni (new  genus a n d  species) 
a n d  Typhobelus temetzi (new genus a n d  species), 
h a v e  no  cheek  sp ines. Pygidianops has no  eyes, a n d  
in  Typhobelus th e y  a re  ru d im e n ta ry . T h ey  resem ble 
one a n o th e r  closely b u t  d iffer suffic iently  to  w a rra n t 
th e  se p a ra te  genera. T hey  form  a  series w ith  
Glanapteryx anguilla M yers, described prev io usly  
fro m  th e  sam e lo ca lity , ro ck  pools below  Sao G abrie l 
R ap id s , R io  N egro  B razil, w h ich  possesses eyes an d  
in  m a n y  w ay s  resem bles th e  o th e r  tw o. I t  is  p ro b ab le  
t h a t  th e  tw o  b lin d  fishes live  b u ried  in  th e  sand . 
T he a u th o r  is  o f  th e  op in ion  th a t  th e  ab sen ce o f 
cheek  sp ines is a  p r im itiv e  fea tu re  w h ich  re la te s  th e m  
to  Nematogenys, th e  m o st p r im itiv e  p y g id iid , an d  
th a t  th e y  a re  p ro b a b ly  d e riv ed  fro m  th e  N em ato - 
genyinse.
New Genera and Species of N ew  Zealand Collembola

A  p a p e r  b y  J .  T . Salm on o f th e  D om inion  M useum , 
W elling to n  (Fee. Dom. M us., 1, 123; 1942-44),
describes n in e  new  genera  a n d  fo rty -one  new  species 
o f Collembola. N in e v a rie tie s  a re  classed, p rov isionally , 
a s  new  su b -sp ec ies ; b u t  th e  a u th o r  is o f th e  opin ion 
th a t  th e se  a re  m ore  p ro b a b ly  o n ly  co lour v a ria tio n s  
o f th e  species. T h e p a p e r  is th e  re su lt o f a n  in v e stig a ­
t io n  (m ain ly  in  th e  W elling to n  area) o f w h a t is  
te rm e d  “ th e  m icro-C ollem bolan fau n a  o f leaf-m ould  
an d  soil” . F u ll a n d  sy s tem atic  d escrip tio n s  o f th e  
gen era  a n d  species, to g e th e r  w ith  tw elve p la te s  (one 
coloured) co n ta in in g  clearly  executed  illu s tra tio n s , 
m ake  th is  a  va lu ab le  reference w ork.
South A frican Onychophora

R . A. H o l l i d a y  reco rds som e in te re s tin g  o b se rv a ­
t io n s  on th e  beh av io u r o f p e rip a tid s  in  c a p tiv ity  
(“ F u r th e r  N o tes  on  N a ta l  O ny ch o p ho ra” , A n n . Natal 
M us., 10, P a r t  3 ; D ec. 28, 1944). T hese chiefly  
refer to  Peripatus mosleyi. A p p aren tly  th e  you ng  a re  
b o m  on ly  to w ard s  th e  en d  o f M arch a n d  th ro u g h o u t 
A pril. T h e  n u m b er o f yo u ng  p ro du ced  b y  one fem ale 
is  6—8 in  a  y ear, one, o r m ore o ften  tw o , a t  a  
tim e . T h e new ly  b o m  you n g  e a ts  i ts  f irs t m o u lt a n d  
th e n  proceeds to  fen d  fo r itself, th e  feed ing h a b its  
be ing  s im ila r to  th e  a d u lt. T he  in sec t food is covered 
w ith  a  copious flow o f sa liva , a n d  i t  seem s th a t  i t  is 
p ro b a b ly  a t  lea s t p a r tia lly  liquefied  before being  
ingested . T hese n o te s  a re  accom pan ied  b y  a  v e ry  
b e au tifu l series o f pho to g raph s.
Schyzotrypanum Cruzi

H . M eyer a n d  M. X . O liveira h a v e  p u b lish ed  a  
p a p e r  w ith  th e  tit le , “ Sobre O D esenvolv im ento  
In tra c e lu la r  D o ‘S ch y zo try p an u m  C ruzi’ E m  C u ltu ra  
D e  T ecido Como M eio D e  V erificacao D a  A u to no m ia

9C elu lar”  (Rev. Brasil. Biol., 4, N o. 1), in  w h ich  i t  is 
show n th a t  th e re  is a  s tr ic t  re la tio n sh ip  be tw een  th e  
cycle o f Schyzotrypanum Cruzi a n d  th e  h o s t cell. 
S . Cruzi co n tinues to  develop in  th e  cells u n ti l  i t  
h a s  ex h au s ted  a ll its  n u tr ie n t m ed ia , a n d  th e  ph y sio ­

logical co nd ition  o f th e  cell de term ines th e  n u m b er o f  
try pan o som es th a t  a re  form ed. F ro m  th is  i t  m a y  b e  
co n jec tu red  th a t  cells in  tissu e  cu ltu re s  a re  in d ep en d ­
en t u n its , because, on  th e  assu m p tio n  th a t  a n  in te r­
cellu lar connex ion ex ists , i t  w ould  b e  possib le fo r 
th e  p a ra s ite  to  m ig ra te  to  a n  a d jacen t cell fro m  w hich  
i t  could  derive  n ou rish m en t. A  n u m b er o f  ex p eri­
m e n ts  p rov ed , how ever, th a t  th is  d id  n o t  occur. 
A d jacen t cells h a v e  th e  p a ra s ite  in  d iffe ren t stages o f  
develop m en t, a n d  so fa r  th e  inv estig a tio ns  h a v e  p ro v ed  
th a t  th e  life-cycle o f S . Cruzi is  a lw ays re s tric te d  
to  one cell. T h e  su b je c t is to  be  d e a lt w ith  m ore  
fu lly  la te r.
Preferential Segregation in Maize

A . E . L o n g l e y  (Genetics, 30, 100 ; 1945) show s 
th a t  in  th e  presence o f th e  kn o b b ed  chrom osom e 10 
o f m aize th e  genes on o th e r  chrom osom es w hich  
b e a r  kn o b s som etim es show  p re fe ren tia l segregation . 
R h oad es  h a d  a lrea d y  fo u n d  th a t  genes on  kno bbed - 
chrom osom e 10 seg rega ted  in  a  p re fe ren tia l m ann er. 
L ongley  show s th a t  th e re  is  a  p re fe ren tia l accum u la­
t io n  o f non-hom ologous k n o bb ed  chrom osom es in  
th e  fu n c tio n a l m egaspores. T here  resu lts  a  p re ­
fe ren tia l d is ju n c tio n  a n d  accu m u la tio n  o f  k n o b b ed  
chrom osom es to  th e  fu n c tio n a l m egaspore. Two 
genetica l resu lts  a re  to  b e  ex pected  a n d  a re  show n 
to  be occurring  : (a) ab n o rm al seg reg a tio n  o f genes 
lo ca ted  n e a r  th e  kn o b s, (6) false lin k ag e  be tw een  
genes on non-hom ologous chrom osom es. T here  is 
l i t t le  o r no  ev idence o f a  co rrespon d ing  b e h av io u r 
in  m icrosporogenesis.
Low-Temperature Requirements of F ru it Trees

D e c i d u o u s  f ru it  trees  o ften  fa il to  show  no rm al 
sp rin g  bud -o pen ing  un less d u ring  th e  d o rm a n t season 
th e y  h a v e  been  exposed  to  low  te m p e ra tu re s  for 
periods w hich  v a ry  w ith  th e  species a n d  ev en  w ith  
th e  v a rie ty . W ith  g rapes, C. A. M agoon a n d  I .  W . 
D ix  (Proc. Amer. Soc. Hort. Sci., 42, 407 ; 1942) 
find  th a t  w hen  th e  p la n ts  a re  p laced  in  a  g reenhouse 
a t  60-70° F . a f te r  ex posure to  45° F .,  th e  n u m b er o f  
d ay s  req u ired  fo r b u d -b re ak  to  occur is inversely  
re la te d  to  th e  n u m b er o f h ou rs  o f ex posure  to  th e  
low  tem p era tu res . H e re  as  w ith  b lueberries  (G. M. 
D arrow , ibid., 41, 1 8 9 ; 1942) v a rie ta l d ifferences
ex ist a n d  w ith  b lueberries  th e  absence o f sufficient 
w in te r  ch illing re su lts  in  u n sa tis fac to ry  sp ring  
g ro w th  an d , freq uen tly , th e  sub seq u en t d e a th  o f th e  
p la n ts . D elayed  sp rin g  bud-opening, to o , is ex h ib ited  
b y  insufficiently  ch illed  p ecan  t r e e s ; b u t  C. W . V. 
H o rn  (ibid., 41, 65 ; 1942) rep o rts  t h a t  w in te r  sp ra y ­
ing w ith  2 : 4-din itro -6-cyclohexylphenol p rev e n ts  th is  
de lay  in  sp rin g  g row th . O n one v a rie ty  (H a lb e rt)  th a t  
requ ires on ly  v e ry  s lig h t w in te r chilling, th e  effect o f 
th e  w in te r sp ray in g  w as on ly  s ligh t.
Energy Relation in Enzyme Reactions

A l t h o u g h  on a  th e rm o d y n am ic  basis  a  v e ry  large 
n u m b er o f reac tio ns  m a y  be th e o re tic a lly  possib le  in  
a  g iven  b io logical system , th e  p resence o f enzym es 
w ill re su lt in  th e  se lec tive ca ta ly sis  o f on ly  a  lim ited  
n u m b er o f th e se  reac tion s . I n  th e  cell, th e  p ro m in en t 
processes o f hyd ro lysis  a n d  co nd en sa tio n  a n d  o f 
o x id a tio n -red u c tio n  a re  accom panied  b y  a  v a rie ty  o f 
o th e r  reac tion s  such  as  am in a tio n , d eam in a tio n , 
a lk y la tio n  a n d  so on. M any such  reac tio n s  a re  p ro ­
ceeding in  th e  cell co n tin uo u sly  a n d  sim ultan eously . 
P ro te in s  a re  co n s ta n tly  be ing  b roken  dow n in to  th e ir  
c o n stitu en ts  a n d  th e se  deg rad a tio n s  a re  ba lanced  b y  
syn theses. T he p o sitio n  o f th is  dyn am ic  eq u ilib rium
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is d e te rm in ed  n o t  on ly  b y  th e  th e rm o d y n am ic  
p o te n tia ls  b u t  also b y  th e  k ine tics  o f  th e  reac tion s  
c a ta ly sed  b y  th e  in d iv id u a l enzym es. In  “ E n erg y  
R ela tio n sh ip s  in  E n zy m e  R eac tio n s”  (A nn. New York 
Acad. Sci., 45, 357 ; 1944), b y  J .  S. F ru to n , E . G. 
B all, M. B ergm an n , H . M. K a lek a r, O. M eyerhof an d
C. V. S m ythe, som e o f th e se  prob lem s, such  as  th e  
en ergy-y ield ing  m echan ism s fav ou rin g  p e p tid e  bond  
fo rm ation , a re  d iscussed.
Alum inium  Phosphide

F i v e  differen t com pounds o f  alu m in ium  an d  ph o s­
ph o ru s  h av e  been  rep o rte d  a t  d ifferen t tim es, p re ­
p a re d  in  variou s w ays. W . E . W h ite  an d  A. H . 
B ush ey  (J. Amer. Chem. Soc., 66, 1666 ; 1944) p re ­
p a re d  a  pho sp h ide  b y  a  m e th o d  depend ing  on passing  
hyd ro gen  co n ta in in g  pho sp h o rus v a p o u r  over an  
in tim a te  m ix tu re  o f finely d iv ided  a lu m in iu m  an d  
red  phosphorus, a n d  th e n  s ta r t in g  th e  reac tio n  b y  
h e a tin g  th e  m ix tu re . A  sh o rt, v igo rous reac tio n  
occurred , an d  th e  p ro d u c t w as cooled in  hyd rogen . 
T h e p ro d u c t w as an a ly sed  in  d iffe ren t w ays a n d  its  
com position  fo u n d  to  be variab le . T h e  au th o rs  d is­
covered, how ever, th a t  th e  X -ra y  sp e c tra  were 
id en tica l fo r th e  p rin c ip a l c o n stitu en t, a n d  b y  a  v isual 
com parison  o f th e  in tensities  o f th e  a lu m in ium  lines 
on th e  pow der d iffrac tion  p a tte rn s  a n d  a  process o f 
co rre la tio n  w ith  m ix tu re s  o f a lu m in iu m  pow der an d  
q u a rtz , an d  b y  a  co n sid era tio n  o f th e  hyd ro gen  
lib e ra ted  b y  ac id , th e  conclusion w as reach ed  th a t  
on ly  one com pound , A1P, ex ists. T h e h igh est p u r i ty  
reached  w as 94 p e r  cen t A1P. T he com poun d  is 
rem a rk ab ly  s tab le  to  h e a t, b u t  is, o f course, decom ­
posed  b y  m o is tu re  w ith  ev o lu tion  o f phosphine.
Average Magnetomotive Force Expended on Tapered Teeth

A  p a p e r  b y  O. I .  B u tle r  (J. Inst. Elec. Eng., 92, 
P t. 2, No. 25, F eb . 1945) ou tlines th e  th eo ry , 
m e th o d  o f co n stru c tio n  a n d  use o f a  fam ily  o f curves 
allow ing a  ra p id  a n d  ac cu ra te  e s tim a tio n  o f  th e  
av erag e  m .m .f. ex p en d ed  on  ta p e re d  m ag netic  te e th  
o f  a n  e lectrical m achine . T he p a ra m e te rs  used  re su lt 
in  less com plica ted  re la tio nsh ip s  b e tw een  th e  variab les  
th a n  w ith  a n y  a lte rn a tiv e  ac cu ra te  m e th o d  ; th is  
som ew hat sim plifies th e  ca lcu la tio ns necessary  to  
o b ta in  th e  cu rves fo r m ag netic  m a te ria ls  h av ing  
d ifferen t B /H  ch arac te ris tics . A n  analysis  is m ade 
o f th e  inaccuracy  o f th e  sim ple ‘o n e -th ird ’ ru le  u n d er 
v a ry in g  co nd itions o f m ag n e tic  load ing  a n d  to o th  
profile, a n d  i t  is show n th a t  th e  use o f  th is  ru le  can 
lead  to  v e ry  co nsiderab le  errors.
Relation of Geomagnetism to Solar A ctiv ity

A. J .  O l (Bull. Acad. Sci. U R SS., Ser. Geog. 
G eophys., N o. 6, 359 ; 1943) p resen ts  a  new  th e o ry  
o f geom agnetic  pheno m en a in  th e ir  re la tio n  to  so lar 
a c tiv ity . T his th eo ry , o rig inally  suggested  b y  M. N . 
G nevyshev  in  1938, a t te m p ts  to  co rre la te  geo­
m agnetic  d is tu rb an ces  n o t w ith  th e  in d iv id ua l so lar 
phen om ena b u t  w ith  th e  w hole process o f so lar 
a c tiv ity  m an ifest in  sunspo ts , so lar flares an d  flocculi 
a s  developed in  th e  ac tiv e  regions o f th e  sun. S uch  a  
process is ca lled  th e  ‘so lar im pu lse’. T he s ta tis tic a l 
s tu d y  carried  o u t b y  th e  a u th o r  show s hoW m uch  
th is  th e o ry  can  be developed  an d  e lab o ra ted . I t  is 
show n, fo r exam ple , th a t  geom agnetic  phenom ena 
a re  associa ted  w ith  th e  p hase  o f th e  so lar im pulse 
w hich follows i ts  m ax im u m  phase . I t  is suggested  
th a t  th is  th e o ry  prov ides a  m ore prec ise co rre la tion  
betw een  so lar a c t iv i ty  an d  geom agnetism .

Atmospheres of Planetary Satellites
T h e  82-in. reflecto r o f  th e  M cD onald  O b se rv a to ry  

h a s  recen tly  been used  in  co n ju n c tio n  w ith  low- a n d  
m edium -d ispersion  sp ec tro g rap h s  to  s tu d y  th e  a tm o ­
spheres o f P lu to  a n d  o f th e  la rg e st te n  sa te llite s  in  
th e  so lar system . I n  h is p re lim in a ry  re p o r t on  th e  
re su lts  (Astrophys. J .,  100, 378 ; 1944), G. P . K u ip e r 
reprodu ces a  series o f in te re s tin g  spectrog ram s o f  th e  
sa te llite s  an d  th e ir  p rim arie s  in  th e  ph o tog rap h ic , 
v isu a l a n d  in fra -red  regions o f th e  spec trum . O nly  
T ita n , s ix th  an d  la rg est sa te llite  o f S a tu rn , is  found  
to  h av e  a n  a tm osp here  o f sufficient p rom inence to  
be  d e tec ted , th o u g h  T rito n , N e p tu n e ’s  sa te llite , an d  
P lu to  a re  to  be s tu d ied  fu rth e r . T he com position  o f 
T i ta n ’s a tm osp here  is s im ila r to  th a t  o f S a tu rn , 
th o u g h  th e  o p tica l th ickn ess  is som ew hat less. T he 
m e th a n e  ab so rp tio n  b an d s  a t  6190 A . a n d  7260 A. 
show  u p  w e l l ; a n d  th e  am m o n ia  b a n d  a t  6400 A. is 
su sp ec ted  on m ic ro p h o to m eter trac in g s , th o u g h  con­
firm a to ry  p la tes  w ill b e  needed  to  es tab lish  its  
presence. T he presence o f m olecules r ich  in  hyd rogen  
on  a  b o d y  so sm all a s  T ita n  is ra th e r  su rprising . 
S ta b ility  d u rin g  as tron om ica l period s is n o t possible 
fo r hyd ro gen  itse lf  u n d er p re sen t co n d ition s  on T ita n , 
th o u g h  m e th an e  a n d  am m o n ia  a re  re ta in ed . B u t  a  
s u b s ta n tia l increase in  tem p e ra tu re , say , b y  100° C., 
w o u ld  re su lt in  ra p id  d iss ip a tio n  even o f th e  p resen t 
c o n stitu en ts . C onsequently , th e  p resen t a tm osp here  
m u s t h a v e  been acq u ired  since T ita n  h a d  th e  h ig h  
su rface  tem p e ra tu re  w h ich  cu rre n t th e o ry  dem and s 
fo r a ll bodies o f th e  so lar system . S im ilar, th o u g h  
less com pelling, co nsidera tions follow  for M ars, V enus 
a n d  th e  ea rth , in  a ll o f w h ich  th e  a tm o sp h ere  m u s t 
h av e  escaped  from  th e  c ru s t a f te r  th e  la t te r  h a d  
cooled.

Variab ility  of y Cassiopeiae

D . L . E d w a r d s ,  N o rm an  L ockyer O b se rv ato ry , Sid- 
m o u th , in  a  p a p e r  “ C hanges in  y  Cassiopeiae D u rin g  
th e  P a s t  H u n d red  Y e a rs” (Mon. Not. Roy. Astro. Soc., 
104, 283 ; 1945) discusses a ll av a ilab le  observa tions 
o f  th is  s ta r  since 1830 w ith  th e  o b jec t o f d e tec ting  
a n y  v a ria tio n s  o f m a g n itu d e  o r sp ec tru m  before th e  
p rev io u s o u tb u rs t. T h e firs t suggestion  o f v a ria b ility  
in  y  Cassiopeiae w as m ad e  b y  W . R . B ir t  (Mon. Not. 
Roy. Astro. Soc., 2, 79), a n d  a lth o u g h  h e  referred  
ag a in  to  h is  suspicions tw en ty -s ix  y ears  la te r, he 
does n o t  ap p ea r to  h a v e  follow ed th e  m a tte r  up . 
A s a  re su lt o f h is co llection  o f d a ta , E d w ard s  con­
cludes th a t  even before  th e  recen t o u tb u rs t th is  s ta r  
w as su b jec t to  freq u en t v a ria tio n s  in  sp ec tru m  a n d  
m ag n itu d e , a lth o u g h  th e se  changes w ere sm all in  
co m parison  w ith  th o se  observed  a f te r  1933. I n  sp ite  
o f th e  fa c t t h a t  th e  changes w ere fre q u e n tly  v e ry  
sm all, th e y  h av e  b een  su p p o rte d  b y  in d ep en d en t 
ev idence, o ften  fro m  d iffe ren t observers, a n d  in  
severa l cases th e y  a re  sufficiently  large to  leave l i t t le  
d o u b t as  to  th e ir  r e a li ty  w ith o u t a n y  o th e r  evidence. 
T h e  su spec ted  changes occur a t  d a te s  w hich  fall in  a  
reg u la r period ic  series, a n d  th e  b e st fit w as found , 
b y  tr ia l  an d  error, to  b e  g iven  b y  a  doub le  m ax im um , 
w ith  a  sep a ra tio n  o f 4-30 years, recu rring  a t  in te rv a ls  
o f  10-67 years. H en ce  th e  m a x im u m  occurred  reg u ­
la r ly  a t  in te rv a ls  o f 4-30 a n d  6-37 y ears  a lte rn a te ly , 
a n d  th ese  figures w ere used , w ith  th e  w e ll-determ ined  
d a te  o f 1937-3 as  s ta r t in g  p o in t, to  d e te rm ine  th e  
co m p u te d  d a tes  o f  m ax im a . T h e ob serva tions fit 
v e ry  closely in to  th e  schem e w ith  th e  ex cep tio n  o f 
th e  1934-6 o u tb u rs t, a n d  i t  is suggested  th a t  th is  
w as due  to  som e ex cep tio na l cause.
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NATURAL HISTORY OF SCRUB 

TYPHUS*

T H E  w o rk  o f th e  la s t  te n  y ears  on  diseases o f  th e  
ty p h u s  g ro u p  h a s  p e rm itte d  u s  to  u n d e rs ta n d  
ce rta in  sides o f th e m  m u ch  m ore clearly . I t  is now  

kno w n th a t  th e re  is one disease o f th is  g ro u p  w idely  
sp read  in  ea s te rn  A sia , tr a n s m itte d  fro m  ro d en ts  to  
m a n  b y  w h a t  w e shou ld  call h a rv e s t m ites. I t  should  
be kno w n as  ‘scrub  ty p h u s ’ o r a lte rn a tiv e ly  as  ‘m ite - 
bo rne  ty p h u s ’. N o good general acco un t o f  i t ,  p a r ­
tic u la r ly  from  th e  en tom ological side, is av a ilab le  in  
p r in t .  T h e  d isease is o f considerab le  im p o rtan ce  in  
th e  B ritish  E m pire .

T he n a tu ra l  h is to ry  o f th e  d isease is com plex, a n d  
i t  m a y  be b e st to  ap p ro ach  i t  b y  se ttin g  dow n w h a t 
is know n a b o u t th e  so-called ‘h a rv e ste rs ’ o f  B r i ta in  
a n d  n o r th e rn  E u rop e . T h ey  a re  th e  larva; o f  Tromb- 
icula a u tu m n a lis  ; th e  so-called ‘ch iggers’ o f N o rth  
A m erica a re  closely re la ted . T hese larva ', w h ich  are  
a  frac tio n  o f a  m illim e tre  long, a t ta c h  them selves 
to  th e  sk in  o f ro d en ts , m an , b ird s , e tc ., a n d  ho ld  on 
for severa l days. T h ey  d rop  in to  th e  soil, m o u lt to  
becom e a  n y m p h , m o u lt ag a in  to  becom e an  a d u lt  
a n d  th e  fem ale th e n  lays eggs. O ur know ledge o f th e  
life-h isto ry  in  th e  soil is frag m en tary , b u t  i t  seem s to  
be  es tab lish ed  th a t  th e  n y m p h  a n d  a d u lt  a re  vege­
ta r ia n  o r t h a t  th e y  feed on decom posing organ ic  
m a te ria l. I t  seem s th a t  th e re  is on ly  one species 
in  B rita in , an d  i t  is p ro bab le  th a t  th e re  is on ly  one 
g enera tion  in  th e  y ear. I t  is know n th a t  th e  r a b b i t  
a n d  th e  b a n k  vole a re  im p o rta n t h o sts  o f th e  la rv a . 
On th e  b a n k  vole, larvae a re  com m on in  la te  sum m er 
an d  a u tu m n  a n d  a f te r  th a t  d im in ish  th ro u g h  th e  
w in ter, to  fall to  a  m in im u m  in  Ju n o . T h e  species 
occurring  in  B ri ta in  seem s to  be localized  to  lig h t 
soils, p a rtic u la r ly  tho se  w hich  a re  chalky , a n d  th e  
d is tr ib u tio n  is o ften  ex trem ely  p a tch y . I t  seem s 
p ro bab le  th a t ,  b y  ap p ly in g  m e th od s w ork ed  o u t fo r 
p rob lem s o f  soil en tom ology, m uch  m ig h t be  lea rn ed  
a b o u t th e  b io logy o f  th is  an im al.

I n  a tta c h in g  itse lf  to  th e  m am m al, th e  la rv a l 
Trom bicvla  e jec ts  a  d igestive ju ice  w h ich  causes an  
a re a  o f h y a lin e  deg en era tio n  : th is  o ften  ta k e s  th e  
fo rm  o f a  sh a rp ly  defined colum n, v e rtic a l to  th e  
sk in . N o th in g  is fe lt a t  th e  tim e  w hen  th e  la rv a l 
m ite  is p u n c tu rin g  th e  s k in ; b u t  som e hou rs la te r  
i r r i ta tio n  develops in  som e, b u t n o t  a ll, h u m an  
beings. T h e ir r i ta tio n  m a y  be q u ite  serious, p a r ­
t icu la r ly  to  tro o p s  liv ing  in  th e  field.

I n  so u th -ea s t A sia th e re  a re  m a n y  genera  a n d  
species o f T ro m b icu lid  m ites, an d  th e  larva; o f a  co n­
s iderab le  n u m b er o f th e m  a t ta c k  m an . R o d en ts  a re  
c e rta in ly  im p o rta n t h osts , an d  th e  n a tu ra l  h is to ry  
o f scrub  ty p h u s  is v e ry  com plex because o f th e  
v a rie ty  o f ro d en ts  in  th is  p a r t  o f th e  w orld .

T h e larvse a re  im p o rta n t because th e y  tra n s m it  
th e  in fec tious ag en t p rod u cin g  th e  disease w e call 
scrub  ty p h u s . T h e ea rlie r w o rk  w as m o stly  Jap an ese  
a n d  show ed th a t  th e  la rv a  o f Trom bicula akam ush i 
feeds n o rm a lly  on voles (M icro tu s) on  a llu v ia l soils. 
I t  tra n s m its  in fec tion  from  vole to  vole o r vole to  
m an. As th e  m ite  on ly  feeds on a  m am m al once in  
i ts  life-h isto ry , th e  infection  m u s t b e  h e re d ita ry , an d  
th e  v iru s  has ac tu a lly  been recovered  fro m  w ild  a d u lt  
m ites. A  s im ila r o r id en tica l in fec tion , a lw ays t r a n s ­
m itte d  b y  larva; o f Trom bicula, is kno w n o r be lieved  
to  occur in  th e  g rea t tr ian g le  bou nd ed  b y  J a p a n , N ew

* Substance of a Friday discourse a t the Royal Institution delivered by Prof. P. A. Buxton, F.E.S., on April 27.

G uinea a n d  n o r th e rn  Q ueensland, Ceylon a n d  th e  
M aldives. W ith in  th is  g re a t a rea  th e  d isease m a y  
occur u n d er exceedingly  d iffe ren t en v iro n m en ta l con­
d itio n s, fo r exam ple, in  eq u a to ria l fo rest, o r in  g rass­
lan d , o r on b a rren  is le ts  a n d  ato lls.

I n  m a n  th e  disease is genera lly  serious. T h ere  is 
a  sm all u lcer a t  th e  s ite  o f a tta c h m e n t o f  th e  la rv a l 
m ite , h ig h  fever a n d  a  considerab le  m o r ta li ty . T he 
d isease is w idely  d is tr ib u te d  over th e  a re a  o f so u th ­
e a s t A sia, a n d  as  m en  a re  liv in g  a n d  f igh tin g  in 
jung le , i t  h as p ro v ed  m u ch  m ore com m on th a n  g en er­
a lly  ex pected . I t  ten d s  to  be h igh ly  localized  a n d  to  
p roduce occasional o u tb re ak s  w ith  a  v e ry  v a riab le  
b u t  serious d e a th -ra te .

CONFERENCE ON X-RAY 
ANALYSIS*

T H E  second A n n u a l Conference o f th e  X -R a y  
A nalysis G roup  o f th e  I n s t i tu te  o f P h y sics, an d  
th e  fo u r th  C onference on  X -R ay s  in  In d u s try  w hich  

th e  In s t i tu te  h a s  a rran g ed , w as he ld  in  L o nd o n  a t  
th e  R o y a l In s t i tu t io n  d u rin g  A p ril 12-13. T he 
C onference w as an  open  one, a n d  th e  a tte n d a n c e  w as 
a b o u t tw o  h u n d red  a n d  fifty . T he ch a irm an , S ir 
L aw rence B ragg , opened  b y  th a n k in g  th e  R o y al 
In s t i tu t io n  fo r th e  use  o f its  prem ises, an d  w elcom ed 
scientific v is ito rs  fro m  th e  C on tin en t, w ho fo r th e  
firs t tim e  w ere ab le  to  be p re sen t a t  th e  Conference. 
Speaking  o f th e  X -R a y  A n alysis  G roup, S ir  L aw rence 
rep o rte d  b riefly  on i ts  w ork  d u rin g  th e  p a s t  year. 
I t  now  h as 187 m em bers, a n d  in  a d d itio n  to  i ts  
an n u a l conference i t  he ld  a  m eetin g  in  L eeds la s t 
N ovem ber on th e  perfo rm an ce o f X -ra y  tu b e s . T he 
co m m ittee  h a s  also p rod u ced  reco m m en d ation s for 
th e  design a n d  dim ensions o f a  s ta n d a rd  pow der 
cam era1, a n d  has in  h a n d  th e  rev is ion  a n d  rep ro ­
d uc tio n  o f B eevers-L ipson s trip s  fo r F o u rie r  analysis. 
I t  w as hop ed  th a t  th e  G roup  m ig h t sponsor th e  
p u b lica tio n  o f a  jo u rn a l fo r p ap ers  on  th e  a to m ic  
s tru c tu re  o f m a tte r  a n d  a llied  su b jec ts . T h e c h a ir­
m a n , sec re ta ry -trea su re r, a n d  te n  m em bers o f com ­
m itte e  o f th e  G roup w ere declared  e lected , in  th e  
absence o f fu r th e r  no m in a tio n s. A  w arm  v o te  o f 
th a n k s  w as m ad e to  D r. L ipson  for h is  w o rk  for th e  
G roup  since i ts  fo rm atio n  ; h is  p lace as h o n o ra ry  
sec re ta ry -trea su re r is to  be  ta k e n  b y  M r. F . A. 
B an n is te r  (M inerals D e p a rtm en t, N a tu ra l  H is to ry  
M useum , Crom well R o ad , L ondon , S .W .7).

Absolute Values of X -R ay W ave-Lengths
A t th e  Conference in  1943, th e  q u estio n  o f  co rrec t­

ing  X -ra y  w ave-leng ths, w h ich  w ere k no w n  to  b e  in  
e rro r  b y  a b o u t 0-2 p e r  cen t, w as le ft u n t i l  th e  co n­
version fac to r m ig h t b e  m ore  ac cu ra te ly  k n o w n  an d  
in te rn a tio n a l ag reem en t m ig h t b e  reach ed  as  to  i ts  
va lue . As th ese  co n d ition s  a re  now  a t  le a s t p a rtia lly  
fulfilled, th e  m eetin g  considered  fu r th e r  stejo.s to  be 
tak en . D r. L ipson  sa id  th a t  th e re  a re  th re e  po ss i­
b ilitie s  : to  recom m end im m ed ia te ly  a  v a lu e  o f th e  
conversion fac to r, to  leave th e  d e te rm in a tio n  o f th e  
conversion fac to r to  P ro f. M. S iegbahn  a n d  th e  
A m ericans w ho h a v e  w o rked  on it ,  o r to  co n tin u e  
to  use th e  old w ave-leng ths an d  a w a it fu r th e r  d evelop­
m en ts. O f these  h e  p refers  th e  first.

* Report prepared by Audrey M. B. Parker, A. R. Stokes and A. J . C. Wilson.
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D r. W . A . W o oster sa id  th a t  i t  w o u ld  be u n d ip lo ­

m a tic  to  do a n y th in g  fu r th e r  u n ti l  o th e r  m en o f 
science on th e  C o n tinen t can  be c o n su lte d ; b u t  D r. 
W . H . T ay lo r considers t h a t  P rof. S iegbahn  is th e  
o n ly  a u th o r i ty  w ho need  b e  ap p ro ach ed . D r. L ipson  
s a id  th a t  th e  ag reem en t betw een  P ro f. S ieg b ahn ’s 
v a lue  o f 1 -00201 a n d  th e  A m erican s’ v a lu e  o f 1 -00203 
fo r th e  conversion  fac to r  is ex tre m ely  good, an d  
p o in ted  o u t t h a t  a n  accu racy  b e t te r  th a n  1 p a r t  in  
106 could  scarce ly  be ex pec ted  in  v iew  o f th e  b re a d th s  
o f X -ra y  em ission spec tra . I t  w as ag reed  a f te r  some 
d iscussion  th a t  th e  ch a irm an  sh o u ld  a sk  P rof. 
S iegbahn  a n d  D r. R . T . B irg e  an d  P ro f. B . E . W arren  
to  reach  ag reem en t on  th e  b est v a lu e  o f th e  con­
version  fac to r, a f te r  w h ich  th e  A m erican  a n d  B ritish  
X -R a y  A nalysis G roups sho u ld  p rep a re  new  sets  o f 
tab les  o f w ave-leng ths a n d  c ry s ta l la tt ic e  p a ram ete rs  
em body in g  th e  co rrec ted  values. F o r  th e  tim e  being  
i t  w as ag reed  to  use  ‘k X .’ in s tead  o f th e  (incorrect) ‘A. ’ 
a s  th e  ab b re v ia tio n  for 1,000 X -u n its .

Proposed Publication of a Journal
S ir L aw rence B ragg  re p o r te d  to  th e  Conference on 

th e  discussions o f a  sub -co m m ittee  on  p ub lica tio n . 
T h ere  is a t  p re sen t no  jo u rn a l d ea ling  sa tis fac to rily  
w ith  th e  in te re s ts  o f  th e  G roup, a n d  p a p ers  on 
c ry sta llo g rap h ic  su b jec ts  ap p e a r  in  n e a rly  s ix ty  
d iffe ren t period icals. T he co m m ittee  is sa tisfied  th a t  
th e re  a re  enough  B ritis h  papers  y e a rly  to  m ake 
possible th e  p u b lica tio n  o f a  q u a rte r ly  jo u rn a l. T he 
scope o f th e  jo u rn a l w ould  be d e te rm in ed  b y  th e  
m a te r ia l in v e stig a ted , n o t th e  m e th o d s  used  ; th a t  
is, i t  w ould  cover s tru c tu re  o f m a tte r ,  n o t  d iffrac tion . 
T h e  A m erican  S ociety  fo r X -R a y  a n d  E lec tro n  
D iffrac tion  is d iscussing  a  s im ila r p ro jec t, a n d  i t  
m ig h t be possib le  to  co -operate  w ith  th em . T he 
p o ss ib ility  o f co -op era ting  w ith  C o n tin en ta l w orkers 
is also u n d er considera tion .

T h e Conference ex pressed  i ts  genera l a p p ro v a l o f a  
new  jo u rn a l, a n d  au th o rized  th e  co m m ittee  o f th e  
G rou p  to  co n tin ue  w ith  th e  p ro jec t.

X -R ay Diffraction Technique
Tw o sessions fo r th e  p re se n ta tio n  o f scientific 

p a p ers  w ere h e ld  on each  day . D u rin g  th e  first 
m orn in g  session, a  n u m b er o f new  a n d  im pro v ed  
m e th o d s o f u se o f X -ra y  d iffrac tio n  w ere described. 
T hese w ere co ncerned  m ore  w ith  tech n iq u es  th a n  
w ith  fu n d am en ta ls , an d  em bodied  a  large n u m b er 
o f usefu l ideas fo r ex perim en ta l w ork . D r. A. G u inier 
described  th e  use  o f co nvergen t a n d  p ra c tic a lly  
m on ochrom atic  beam s o f X -ray s  o b ta in e d  b y  r e ­
flexion from  b e n t q u a rtz  c ry s ta ls  g ro u n d  to  a  s u i t ­
ab le  cu rv a tu re , a n d  show ed how  v e ry  c lear d iffrac tio n  
p ho to g rap h s  can  be o b ta in ed  w ith  sh o r t exposures. 
M rs. N o ra  W o oste r spoke a b o u t th e  use o f  th e  
W eissenberg  gon iom eter fo r d e te rm in a tio n  o f th e  
o rien ta tio n  o f d iam onds a n d  th e  ex am in a tio n  o f th e  
v a ria tio n  o f  p e rfec tio n  o f c ry s ta l surfaces. T here 
follow ed p ap ers  b y  "Dr. I . M acA rthu r on  th e  m easu re ­
m e n t o f long spacings in  p ro te in  fibres, inc lud ing  
specia l p recau tio n s  needed  w hen  spacings a re  o f  th e  
o rd e r o f 500 A . ; b y  M r. J .  B . N elson  on e x tra ­
p o la tio n  m e th od s fo r th e  e lim ina tio n  o f e rro rs  in  
la tt ic e  p a ra m e te r  m easu rem en ts  ; b y  M iss A. M. B. 
P a rk e r  on  sm all-rad iu s  cam eras fo r r a p id  selec tion  
o f  single c ry s ta ls  a n d  d e te rm in a tio n  o f  th e ir  o r ie n ta ­
t io n  ; an d  b y  D r. W . W razej on  th e  e x am in a tio n  o f 
tem p ered  m a rte n site .

D r. A. J .  C. W ilson  rep o rte d  on th e  p rogress o f  th e

in dex  o f pow der p h o to g rap h s  w h ich  w as s ta r te d  u n d er 
th e  I n s t i tu te ’s ausp ices soon a f te r  th e  1942 C onfer­
ence in  o rder to  su p p le m en t th e  index  p ro d u ced  b y  
th e  A m erican  S oc ie ty  for T es tin g  M ateria ls. H e  sa id  
t h a t  a s  a  re su lt o f  a  search  th ro u g h  p ap ers  p ub lish ed  
d u rin g  1925-39, a n d  o f  th e  response b y  th e  B ritis h  
M useum  a n d  m a n y  in d u s tr ia l  lab o ra to ries  to  a  general 
ap p eal, th e  X -ra y  d a ta  fo r 1,200 m o re  su bstan ces  
h a d  been  co llected  a n d  sen t to  A m erica fo r pu b lica tio n  
b y  th e  A m erican  S oc iety  fo r T estin g  M ateria ls. T he 
sup p lem en t to  th e  In d e x  w ou ld  soon be availab le , 
a n d  an n u a l sup p lem en ts  a re  to  b e  issued.

Laboratory Equipment
T he a fte rno o n  session on A p ril 12 w as dev o ted  to  

a  d iscussion o f la b o ra to ry  eq u ip m en t. T h e o u ts ta n d ­
ing  fe a tu re  w as a  d em an d  fo r th e  p re p a ra tio n  o f 
s ta n d a rd  specifications fo r m a n y  ty p e s  o f in s tru m e n t 
su ch  as  h ig h -tem p era tu re , long-spacing  a n d  o th e r  
X -ra y  cam eras, m ic ro p h o to m eters , X -ra y  tu b es, etc. 
S ta n d a rd  specifications fo r  a  pow der cam era  hav e  
a lrea d y  been  p rep a red  b y  th e  X -ra y  A n alysis  G roup 
C om m ittee1. I t  is recognized  th a t  such  s ta n d a rd  
eq u ip m en t, i f  m ade, w ill n o t  b e  final, a n d  w orkers 
w ill s t i l l  h av e  to  b e  ab le  to  im provise.

D r. R . F . H a n s to ck  describ ed  a n  in d u s tr ia l la b ­
o ra to ry  equ ip ped  p r im a rily  fo r th e  d e te rm in a tio n  o f 
re s id u a l stresses in  fa b r ic a te d  a lu m in iu m  a llo y s2. 
S pecial devices for m o u n tin g  specim ens u p  to  3 f t . 
in  d ia m e te r  a re  p ro v id ed . T he  specim en-to-film  
d is tan c e  is o b ta in ed  b y  sm earin g  vacuum -annea led  
s ilv er pow der on th e  specim en surface, a n d  i t  is 
e s tim a te d  th a t  th e  s tre ss  is  o b ta in ed  to  an  accuracy  
o f b e t te r  th a n  1 to n /sq . in . G eiger co un ters  have  
been  found  sa tis fa c to ry  fo r reco rd ing  position s o f th e  
X -ra y  d iffrac tio n  m ax im a.

M r. H . S. P e ise r began  h is  ta lk  b y  en u m era tin g  
th e  ty p e s  o f p rob lem  w hich  a re  d e a lt w ith  in  
in d u s tr ia l c ry s ta llo g rap h ic  la b o ra to r ie s ; nam ely , 
(1) iden tifica tion , (2) sem i-q u a n tita tiv e  an alysis, (3) 
m olecu la r w eigh t a n d  shape, (4) c ry s ta l s tru c tu re ,
(5) te x tu re . Som e possib le  m od ifications to  A s tb u ry ’s 
design o f a  ro ta t in g  an o de  tu b e 3 w ere m en tion ed  a n d  
som e d e ta ils  o f a  hom e-m ade gas tu b e  given. I t  can  
b e  show n th a t  a  h o t-ca th o d e  d em ou n tab le  tu b e  
gives a  s lig h tly  m o re  in ten se  b eam  th a n  th e  gas 
tu b e , th o u g h  i t  is  less efficient, a n d  gives m ore 
w h ite  ra d ia tio n . H e  s tre ssed  th a t  reasonab le  care 
shou ld  b e  tak en  to  sa fegu ard  th e  h e a lth  o f X -ra y  
w o rk ers4.

D r. W . A. W o o ster d iscussed  som e m eth od s o th e r 
th a n  th o se  o f X -ra y  d iffrac tio n  w h ich  a re  o f u se  in  
th e  s tu d y  o f c rysta ls . In fo rm a tio n  lead ing  to  a  d e te rm ­
in a tio n  o f sy m m e try  class can  b e  o b ta in ed  from  
(1) in te rfac ia l angles, (2) e tc h  figures, (3) re frac tiv e  
indices, (4) o p tic a l an iso tro p y , (5) piezo- a n d  p y ro ­
electric  phenom ena. T he flo ta tio n  -m ethod for d e n sity  
m easu rem en t w as m en tio n ed , as  w as also th e  d e te rm ­
in a tio n  o f m olecu lar o r ie n ta tio n  from  m easu rem en t 
o f v a ria tio n  o f d iam ag n etic  su scep tib ility  w ith  
d irec tion . H e  described  also tw o m e th o d s o f m e asu r­
ing  p e ak  vo ltage , one u s in g  th e  m in im u m  w ave-leng th  
a n d  th e  o th e r  a  p o te n tia l  d iv id e r an d  ca tho de  ra y  
oscillograph.

Interpretation by Optical Principles
B o th  sessions on A p ril 13 w ere d ev o ted  to  a  d is ­

cussion o f  th e  in te rp re ta tio n  o f  X -ra y  d iffrac tion  b y  
m eans o f op tica l p rincip les . T h e four m a in  c o n trib u ­
tio n s  w ere from  S ir L aw rence B ragg , D r. H . L ipson,
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Mr. G. B . H e y  a n d  P ro f. J .  M. R o b ertso n . S ir 
L aw rence B ragg  sum m arized  h is  p a p e r  as  “ a  l i t t le  
o f th e  h is to ry  a n d  som e e lem en ta ry  book-w ork” . 
H e  o u tlin ed  th e  develop m en t o f F o u rie r  m e th o d s 
from  th e  firs t te n ta t iv e  suggestion  m ad e  b y  h is  
fa th e r5 in  1915 to  a n  a c tu a l sy n th esis  b y  H a v ig h u rs t6 
in  1925. T h e  book-w ork  w as a n  e le m en ta ry  t r e a t ­
m e n t o f  F o u rie r  sy n th esis ’ a n d  o f  th e  P a tte rs o n  
fu n c tio n , to  p rov id e  a  b asis  for th e  p ra c tic a l a p p lic a ­
tio n s  follow ing in  o th e r  pap ers. H e  concluded  b y  
describ in g  how  F o u rie r su m m ation s  can  b e  done 
o p tica lly , th u s  o b v ia tin g  ted ious ca lcu la tio n s8.

D r. L ip so n  th e n  described  som e successful a p p lic a ­
tio n s  o f  F o u rie r  m e th od s. T he fu n d a m en ta l d ifficu lty  
is to  o b ta in  th e  signs (or th e  re la tiv e  phases) o f th e  
s tru c tu re  am p litu d es. T h is  d ifficu lty  can  be  over­
com e i f  th e  s tru c tu re  co n ta in s  a  h e av y  a to m  (copper 
su lp h a te  p e n ta h y d ra te 9, p h th a lo c y an in e10), o r form s 
one o f a n  isom orphous series (th e  a lu m s11), o r i f  th e  
d is tan c e  b e tw een  th e  co n s titu en t m olecules can  be 
a lte re d  su ita b ly  (horse m ethEem oglobin12).

I n  th e  a fte rn o o n , M r. H e y  p resen ted  a  p a p e r  b y  
D r. L . J .  C om rie a n d  h im self  on m e th o d s o f ca lcu la ­
tio n . T he m o st im p o rta n t req u irem en ts  a re  efficiency 
a n d  ease o f checking. T h e  m e tho ds developed  b y  
c ry sta llo g rap h ers  a re  in  genera l efficient, b u t  l i t t le  
a tte n t io n  h a s  been  p a id  to  checking. R ep ea tin g  th e  
ca lcu la tio n  is a  slow a n d  u n c e r ta in  check. Tw o safer 
m e th o ds a re  d ifferencing  a n d  cross-sum m ation , an d  
M r. H e y  gave d e ta ils  o f th e ir  ap p lica tio n . H e  con­
cluded  b y  suggesting  m odifications m ak in g  th e  
m e th o d s m ore su itab le  for use b y  p ro fessional com ­
p u te rs  n o t  ex p e rt in  c ry s ta llo g raph y , a n d  describ in g  
a  least-sq uares  m e th o d  o f refin ing  a p p ro x im a te  
s tru c tu re s 13.

P ro f. R o b ertso n  th e n  spoke on th e  significance o f 
th e  re su lts  o b ta in ed  b y  F o u rie r  syn theses. I t  is 
th e o re tic a lly  possib le fo r tw o s tru c tu re s  to  g ive 
id en tica l d iffrac tio n  p a t te rn s 14, an d  th e re fo re  s tru c ­
tu re s  shou ld  be  te s te d  b y  a ll o th e r  av a ilab le  m e th od s 
before b e ing  finally  accep ted  as  tru e . A  check on th e  
co rrec tness o f  s tru c tu re s  is  th e  com parison  o f in te r ­
a to m ic  d is tan ces  fo un d  b y  X -ra y  an aly sis  w ith  th ose  
fo un d  b y  o th e r  m e thod s. Such com parisons o f carbon- 
ca rb on  d is tan ces  in d ic a te  th a t  a n  accu racy  o f a b o u t 
0-02 A . is a tta in a b le  in  fixing a to m ic  position s. H e  
co ncluded  b y  describ in g  th e  s tru c tu re  o f  coronene, 
an d  m en tio n in g  som e th e o re tica l im p lica tion s  o f th e  
v a ria tio n s  fou nd  in  th e  carbon-carbo n  bon d-leng th .

A  liv e ly  d iscussion  follow ed each o f these  p ap ers. 
I t  is h o p ed  to  p u b lish  a  fu ller acco u n t o f  th e  pap ers  
a n d  th e  d iscussion in  th e  Jo u rn a l o f  Scientific  
In s tru m en ts .

Future of X -R ay Analysis
A n ex trem ely  in te re s tin g  an d  in sp irin g  ta lk  on th e  

fu tu re  o f X -ra y  an a ly s is  in  th e  fo rm  o f a n  ev en ing  
lec tu re  w as g iven  on A p ril 12 b y  P ro f. J .  D . B ernal. 
H e  spoke firs t o f th e  advances w hich  m a y  be ex p ec ted  
to  ta k e  p lace  in  fu n d am en ta l s tu d ies  w h en  th e  w a r­
tim e  in te rru p tio n  com es to  an  end. A ll basic  s tru c tu re  
ty p e s  a re  now  well es tab lished , a n d  lines o f research  
w ill b ran c h  o u t in  one d irec tio n  to w ard s  m ore  com ­
p lic a ted  s tru c tu re s , la rge ly  o f b io logical in te re s t, an d  
in  a n o th e r  to w ard s  th e  e lu c id a tio n  o f  im p erfec t 
c ry s ta l s tru c tu re s .

Tools e ssen tia l to  these  stu d ies , such  as  ex trem ely  
efficient X -ra y  tu b es, a n d  ca lcu la tin g  devices o f g rea t 
in tricacy , w ill a lm o st c e rta in ly  be  developed  as  a  
re su lt o f ad v an ces  in  o th e r  fields in  physics.

A  fa r  g re a te r  p a r t  w ill be p la y ed  b y  th e  ever-

increasing  use o f X -ray s  as  a n  au x ilia ry  too l in  
scientific  research  in  o th e r  fields. Such use o f X -ray s  
ha* gone ah ead  d u rin g  th e  W ar, a s  can  b e  seen from  
th e  g re a t success o f  th e  I n s t i tu te  o f P hy sics  m eetings, 
a n d  th e  C am bridge S um m er School. I n  o rd er th a t  
th is  research  to o l shou ld  be o f th e  g re a te s t possib le 
use, i t  m u s t be co m bined  w ith  o th e r  tech n iq u es  such  
a s  spectroscopy  a n d  m icroscopy  in c lu d in g  th e  
e lectron  m icroscope. A  co nsid erab le  n u m b er o f  
research  a n d  tra in in g  schools w ill be req u ired  if  th e re  
is to  be av a ilab le  a  sufficient n u m b er o f tr a in e d  X -ra y  
crysta llog raphers . I n  o rder th a t  th is  b ran c h  o f 
science a s  a  w hole sh a ll co n tin ue  to  ad v an ce , th e  
connex ion  be tw een  th e  th e o re tica l a n d  ap p lied  fields 
m u st a lw ays rem a in  as close as, o r closer th a n , i t  
is to -day .

P ro f. B ern a l d e a lt also w ith  th e  p rob lem  o f 
c en tra liza tio n  o f p u b lica tio n , an d  w ith  in te rn a tio n a l 
co-operation .

Exhibition
In  ad d itio n  to  th e  discussion, a n  e x h ib itio n  o f 

X -ra y  p h o to g rap h s , a p p a ra tu s  a n d  new  books o f 
in te re s t to  c ry s ta llo g rap hers  w as a rran g ed . Several 
m akes o f  pow der cam eras a n d  sing le-crysta l ro ta tio n  
a n d  oscillation  cam eras w ere on show. T h ere  w as an  
ion ization  sp ec tro m ete r a n d  a  tw o -c ry sta l m oving- 
film  gon iom eter fo r th e  d e te rm in a tio n  o f  ab so lu te  
in tensities. A  back-reflexion cam era  w as ex h ib ited  
in  w hich  th e  film  can  be ro ta te d  on a  ba ll-race  in s tead  
o f using  th e  co llim ato r itse lf  as  a  bearing . A  new  
design o f gon iom eter h ead  gives a  v e ry  w id e ran ge  
o f an g u la r a d ju s tm en t, a n d  can  be easily  tran sfe rre d  
from  one su ita b ly  f i t te d  cam era  to  an o th e r.

A  m ach ine  for ca lcu la tin g  s tru c tu re  fac to rs  for one 
a to m  w as d em o n stra ted , a n d  i t  w as suggested  th a t  
w ith  a  series o f th ese  m achines i t  w o u ld  be possible 
to  ca lcu la te  s tru c tu re  fac to rs  fo r u p  to  fifteen  a to m s 
p e r u n i t  cell. A  v e ry  e legan t b e n t-q u a r tz  m on o­
ch ro m ato r w as show n, w ith  w hich  a  re la tiv e ly  v e ry  
in tense  co nvergen t crysta l-reflec ted  b eam  is o b ta in ed . 
T here  w as also a  d e m o n s tra tio n  o f q u a rtz  c ry s ta ls , 
a n d  th e  m an n er in  w hich  th e y  a re  c u t fo r use in  
p iezo-electric oscillators. O f p a r tic u la r  in te re s t to  
th ose  who w ish  to  m ake  s tru c tu re  m odels w as a  
special jig  fo r d rillin g  w ooden balls, a n d  a  new  form  
o f clip  fo r ho ld in g  th e m  securely  to g e th e r. T he  new  
books inc luded  “ T he S tru c tu re  o f M etals”  b y  C. S. 
B a r re t t  (M cG raw -H ill), “ X -R a y  C ry sta llo g rap h y ” b y  
M. J .  B uerger (W iley), a n d  a n  “ In tro d u c tio n  to  
X -R a y  M eta llo g raph y” b y  A. T ay lo r (C hapm an  a n d  
H all, in  th e  press). T h ere  w ere also p h o to - lith o p r in t 
rep rod u ction s  o f som e books pu b lish ed  in  G erm any, 
inc luding “ R o n tg en strah l-In te rfe ren zen ” b y  M. v o n  
L aue a n d  “In te rn a tio n a le  T abellen  zu r  B estim m u ng  
von  K r is ta lls tru k tu re n ” .
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4 Recommendations of the X-Ray and Radium Protection Committee, 32 Welbeck Street, London, W .l. ,
8 Bragg, W. H., Phil. Trans. Roy. Soc., 215, 253 (1915).
6 Havighurst, R. J ., Proc. Nat. Acad. Sci., 11, 502 (1925).
7 Bragg, W. L., “The Crystalline State”, 221-229 (London: Belland Co., 1933).
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SPIN IN THE UNIVERSE

SIR  E D M U N D  W H IT T A K E R  d iscussed  “ jfcie 
S p in  o f th e  U n iv e rse” in  h is  p res id en tia l ad dress to  

th e  R o y a l S oc iety  o f E d in b u rg h  a t  th e  a n n u a l s ta tu to ry  
m eetin g  held  on O ctober 23, 1944 (Y ea r B ook o f  th e  
R oyal S ociety  o f E d in b u rg h , 1945'.

S ta r tin g  w ith  E a r l R osse’s discoveries o f  sp ira l 
nebulae, th e  f irs t o f w h ich  w as M  51 (a lth o u g h  ex ­
am in ed  p rev io u sly  b y  severa l a s tro n o m ers  th e  m uch  
g re a te r  reso lv ing  pow er u sed  b y  L o rd  R osse show ed 
i ts  sp ira l c h a rac te r  fo r th e  firs t tim e ), W h itta k e r  
p roceeds to  ex am ine th e  cosm ological significance o f 
ro ta tio n  a n d  sp in  ch a rac te ris tic s  o f  th e  sp ira l nebulae. 
H e  refers  to  th e  th e o ry  p ro po un ded  b y  H . A lfven 
(A rk . M a t., A s tr ., och. F y s .,  28 A , N o . 6 ; 1942), 
w h ich  acco un ts  fo r th e  an g u la r  m om en tu m  possessed 
b y  th e  p la n e ts  o f th e  so lar sy s tem  (a  sh o rt o u tlin e  
o f th is  th e o ry  ap p ea red  in  N ature, 150, 405, O ct. 3, 
1942, an d  152, 721, Dec. 18, 1943). A lfven’s th e o ry  
w o u ld  ap p ly  to  th e  s ta rs  as  well as  to  th e  sun , a n d  
w ould  lead  u s  to  assum e th a t  a  s ta r  is genera lly  accom ­
p a n ied  b y  a  fam ily  o f p lan e ts— a  view  co rro b o ra ted  by  
recen t d iscoveries o f  p lan e ts  assoc ia ted  w ith  o th e r  
s ta rs . H is  th e o ry  show s how  sp in  can  be  acq u ired  b y  
m a te r ia l bodies u n d e r th e  ac tio n  o f e lec tric  a n d  m ag ­
n e tic  fields, or, in  o th e r  w ords, sp in  can  b e  tran sfe rred  
from  e th e r  to  m a tte r ,  a n d  hence i t  is n a tu ra l  to  in q u ire  
w h e th e r a n y th in g  is know n a b o u t sp in  o r an g u la r 
m o m en tum  in  th e  e th er.

Since th e  d iscovery  o f th e  th e o ry  o f  re la tiv ity , th e  
e th e r  h a s  been d iscard ed  ex cep t as  th e  n am e  o f a n  in ­
visib le t r a n s m itte r  o f ac tio n s  a t  a  d is tance , a n d  th e  
e th e r  theories h a v e  been rep laced  b y  th e  new  science 
o f a to m ic  physics. H o w  h as th e  change, in  w hich  th e  
fu n d am en ta l e n titie s  a re  e lem en ta ry  w ave-partic les  
o r co rp o ru nd als  o f ce rta in  k in d s, affec ted  o u r con­
cep tion  o f inv isib le  sp in  ? W ith in  th e  la s t tw o 
decades i t  h a s  been fou nd  th a t  each  o f th e se  e lem en t­
a ry  p a rtic les  possesses a  c e rta in  defin ite  q u a n ti ty  o f 
sp in , a n d  th is  is o f g rea t im p o rtan ce  in  d e te rm in in g  
th e  b eh av io u r o f  th e  p a rtic le . A  sh o rt d escrip tio n  o f 
quan tum  num bers is followed b y  an  acco un t o f th e  
d iscovery  in  1925 th a t  a  th ird  q u a n tu m  n u m b er is 
req u ired  to  describe an  e lectron ic  level, a  d iscovery  
w h ich  im m ed ia te ly  led  to  th e  questio n , “ To w h a t 
physica l ch a rac te r o f th e  a to m  does th is  new  th ird  
q u a n tu m  n u m b er co rrespon d  ?”  R easons w ere soon 
fo rthcom ing  to  suggest th a t  th is  th ird  n u m b er co rre­
spond ed  to  th e  to ta l  sp in  o f th e  w hole a to m , ju s t  as 
th e  second q u a n tu m  n u m b er rep resen ted  th e  an g u la r  
m o m en tu m  o r sp in  o f th e  o rb ita l m o tio n  o f th e  
e lec tron , an d  i t  w as show n th a t  i t  w as n o t  th e  sp in  
o f th e  nucleus b u t  o f th e  e lectron  w h ich  took  place.

A  s tu d y  o f th e  Z eem an effect led to  th e  conclusion 
th a t  th e  an g u la r  m o m en tum  o r sp in  o f  th e  e lec tron  
is  }h, w here h  is  P lan ck ’s c o n sta n t o f ac tio n  d iv id ed  
by  2k , a n d  th a t  th e  e lec tron  h a s  a  c e rta in  fixed m a g ­
ne tic  m om en t asso c ia ted  w ith  th e  sp in . I t  is  im ­
possib le to  v e rify  th e  sp in  an d  m agn etic  m o m en t b y  
d irec t observa tio n , ow ing to  th e  u n c e r ta in ty  p r in ­
cip le, a n d  th e  phenom enon o f  elec tro n -sp in  belongs 
to  q u a n tu m  th eo ry , fo r w h ich  reason  i t  possesses 
p ecu lia rities  n o t m e t w ith  in  classical dyn am ics. I t  
is  a  q u an tum -m echan ica l e n tity , an d  w hen we speak  
o f i ts  com ponen t in  th e  d irec tio n  o f th e  z-axis, say, 
th e  on ly  m ean ing  a tta c h e d  to  th e  s ta te m e n t is  t h a t  
th e re  is a  c e rta in  p ro b a b ility  th a t  th e  ax is  o f  sp in  
w ill be para lle l to  th e  z-axis an d  th e  sp in -com ponen t 
o f a m o u n t \h ,  a n d  also th e  p ro b a b ility  th a t  th e  ax is  
o f sp in  w ill be a n tip a ra lle l to  th e  z-ax is, th e  sp in

co m ponen t being now  — \h .  I t  h a s  been fou nd  th a t  
each  o f th e  o th e r  e lem en ta ry  p a rtic le s  also possesses 
a  de fin ite  a m o u n t o f  sp in  ; th e  p ro to n , th e  n e u tro n  
a n d  th e  p o s itro n  can  each  h a v e  th e  sam e sp in  as  th e  
e lectron , ih ,  w hile th e  p h o to n  o r lig h t corpuscle h as 
th e  sp in  h, an d  th e  sp in  o f th e  m eson m a y  have  e ith e r  
o f  th e  va lues 0 o r h.

W h itta k e r  refers to  th e  im p o rta n t p a r t  t h a t  th e  
sp in  o f th e  e lem en ta ry  p a rtic le  p lay s  in  chem ical com ­
b in a tio n  a n d  to  i ts  influence on w h a t is ca lled  th e  
s ta tis t ic a l  b eh av io u r o f  th e  e lem en ta ry  p a rtic les , an d  
deals  b riefly  w ith  th e  M axw ellian  s ta tis tic s , th e  F erm i 
s ta tis t ic s , a n d  th e  B ose s ta tis tic s , genera lly  recognized 
u n d e r th e  com posite  title s , M axw ell-B oltzm an, F erm i- 
D irac  a n d  B ose-E instein , b u t  i t  is im possible in  a  
l im ite d  space to  deal w ith  ev ery  fea tu re  o f th e  
ad d ress. One im p o rta n t m a t te r  m a y  be m en tioned . 
T h e co rre la tio n  be tw een  th e  p a rtic le  a n d  th e  w ave 
p ro p e rtie s  o f th e  e lem en ta ry  p a rtic le s  h a s  been long 
kno w n, so fa r  a s  concerns energy, m o m en tu m  a n d  
ve lo city , a n d  th e  q u estio n  arises, “W h a t fea tu re  o f 
th e  w aves is to  be in te rp re te d  a s  sp in  ?”  S ir  C harles 
D a rw in  d iscovered  th e  t ru e  so lu tio n  in  1927, a n d  co n­
cluded  th a t  th e  w ave-aspec t o f sp in  w as sim p ly  th e  
c a p a c ity  to  ex ist in  d ifferen t s ta te s  possessing th e  
sam e en ergy  an d  m o m en tum , an alogo us to  d ifferen tly  
p o la rized  w aves o f lig h t. I n  1928 D irac  found  th e  
w ave eq u a tio n  o f th e  e lec tro n  in  a  fo rm  w hich  w as 
in v a r ia n t u n d er a ll th e  tran sfo rm atio n s  associated  
w ith  th e  p rin c ip le  o f  re la tiv ity , a n d  sp in  ap p ears  to  
be  a  consequence o f  th e  sy m m e try  o f  th e  cosm os 
w ith  respec t to  space a n d  tim e . T he  concep t off sp in  
th u s  em erged in  a  new  l i g h t ; i t  h a d  o rig in a ted  in 
a to m ic  physics, a n d  i t  w as no w  lif te d  in to  a  new  
c o n tex t, th a t  o f re la t iv i ty  th eo ry .

R e la tiv is ts  h a d  d irec ted  th e ir  a t te n t io n  fo r m a n y  
y ears  to  th e  rem ark ab le  d ifference ex isting , a s  rega rd s  
re la tiv ity , be tw een m o tio n s  o f tra n s la tio n  an d  o f 
ro ta tio n . A ccording to  th e  p rinc ip le  o f re la tiv ity , i t  
is  im possib le b y  ob se rv a tio n a l m eans to  d e tec t u n i­
fo rm  m o tio n  o f tra n s la tio n  w hich  occurs w holly  
w ith in  th e  s y s te m ; b u t  th e  case is q u ite  d ifferen t 
a s  regard s ro ta tio n . W e can  speak  o f velocities 
o f  ro ta tio n  in  an  ab so lu te  m ann er, w ith o u t specify­
in g  th e  fram ew ork  w ith  Tespect to  w h ich  th e  
an g u la r  d isp lacem ent ta k e s  p lace. C erta in  p ro b ­
lem s in  th e  re la tiv ity  th e o ry  o f sp in  arise, to  
w h ich  reference is m ade, a n d  som e o f th ese  are  s till 
con troversia l. As W h itta k e r  p o in ts  o u t, th e  s tu d y  
o f ro ta t io n  is essen tia lly  a  cosm ic prob lem , a n d  in  
a t te m p tin g  to  solve i t  w e a re  b ro u g h t b ack  to  th e  
sp ira l nebula:. I t  seem s p ro b ab le  t h a t  th e ir  in ne r 
reg ion s ro ta te  a s  if  r ig id ly  connected , th e  linear 
v e lo c ity  increasing  w ith  th e  d is tance , w hile in  th e  
o u te r  p a r ts  th e  lin e a r  ve lo c ity  decreases w ith  in ­
creasing  d istance . P rof. E . A . M ilne h a s  proposed  an  
e x p lan a tio n  o f th e  ro ta tio n  o f th e  sp ira l nebulae an d  
o f th e  possession o f sp in  b y  m o st large ob jec ts  an d  
g roup s o f  ob jects  in  th e  un iv erse . H e  h a s  deduced  
from  h is  k in em atica l re la t iv i ty  th a t  th e  an g u la r 
m om en tu m  o f a n y  cosm ical sy s tem  increases p ro ­
p o rtio n a lly  to  th e  tim e , t h a t  is, to  w h a t he  calls 
kinem atic  tim e, w h ich  is  tim e  as m easu red  b y  a to m ic  
v ib ra tio n s  a n d  rad io a c tiv e  clocks. H ence a  sp in  
w h ich  w as in itia lly  sm all w ill grow  co n tin ua lly  
g rea te r, an d  th e re  is th e re fo re  n o th in g  su rp ris in g  in  
th e  ex istence  o f  large accum u la tion s  o f an g u lar 
m om entum . N o th e o ry  to  ex p la in  sp in  in  th e  un iv erse  
h a s  y e t been  genera lly  accep ted , b u t  i t  is reasonable  
to  hope for a  so lu tion  o f th is  fu n d a m en ta l p rob lem  
o f  cosm ology in  th e  n e a r  fu tu re .
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m a r in e  e c o l o g y  a n d  t h e  

FISHERIES

WIT H  th e  prosont tw o  num bors o f th e  H u ll  
B ulle tin s  o f M arine  Ecology, volum o 1 is com ­
ple te* . O f vo lum e 2 four n um bers a re  a lread y  p u b ­

lished  a n d  th ree  a re  in  th e  press. P ro f. A. C. H a rd y , 
e d ito r  o f  those b u lle tin s , in  h is  ex p lan a tio n  a t  th e  
beg inn ing  o f volum o 1 gives an  excellen t sim plified 
resum e o f th e  w hole. E cology as he defines i t  “ is 
e s tab lish in g  th e  re la tio n sh ip  betw een  a  c rea tu re  an d  
i ts  su rro u n d in g s  in  te rm s o f q u a n ti ty ” . H e  sketches 
th e  g rad u a l g ro w th  o f m arin e  ecology w ith  ad m irab le  
c la rity , i ts  scope, ea rly  h is to ry , a n d  th e  beg inn ing  
o f  th e  w o rk  a t  H u ll lead ing  to  a ll th ese  researches. 
T h is  w ork , p lan n ed  b y  h im self a n d  successfully  
ca rried  o u t, includes h is  in v en tio n  o f th e  p la n k to n  
in d ic a to r  an d , follow ing th is , th e  p la n k to n  recorder, 
b o th  o f w h ich  h av e  p ro v ed  to  be o f rea l he lp  to  
th e  fish ery  in d u s try . H ore a  s to ry  is to ld  in  th e  
s im plest te rm s  w hich  is o f special in te re s t and  
im po rtance . I t  has a lw ays been P rof. H a rd y ’s a im  
to  b rin g  science a n d  in d u s try  to g e th er. H ow  success­
fu l h e  h a s  been  is show n in  th e  tr ib u te s  p a id  to  h im  
b y  th e  sk ippers  o f th e  vessels w hich have  h is a p p a ra tu s  
in  use.

H is  ex p lan a tio n  proceeds to  sum m arize  each  
bu llo tin  in  vo lum e 1. A gain  as  sim p ly  as  possible 
th e  c o n ten ts  o f each  p a r t  a re  ex p la ined , w ith  clear 
d ia g ra m m a tic  illu s tra tio n s  o f a p p a ra tu s  a n d  o f 
p lan k to n ic  organism s. T h is  is an  excellen t m e th o d  
o f in tro d u c in g  th e  w ork  to  non specialists.

N o. 6, concerned  w ith  th e  m a in  p la n k to n  survey , 
deals w ith  th e  m o n th ly  changes in th e  zo o p lan k ton  
o th e r  th a n  C opepoda an d  young  fish as  show n b y  
th e  p la n k to n  reco rder. H ero  th e  seasonal changes 
a re  m uch  in  ev idence, an d  th e  d is tr ib u tio n  o f Sayitta , 
L im acin a , Clione, L am ellib ranch  larv® , Cladocera, 
C aprellid  A m phipoda, D ecapod  larvae, E ch in o d erm  
larvae a n d  Oikopleura  is show n in series o f m o n th ly  
ch a rts , w h ile  th e  seasonal fluc tu a tion s  a re  co m pared  
in  t im e -c h a r t h is tog ram s.

T hese researches have been suspended  for th e  
p r e s e n t ; b u t  i t  is hoped th a t  th e y  m a y  be developed 
in  severa l d irec tio ns  for a  long period  in  th e  fu tu re .

* H u l l  B u lle t in s  o f M a r in e  Eco log y , edited  by  Prof. A. C. H a rd y  a n d  D r. C. E . Lucas. Vol. 1, pp. i-xliii, O ctober 1944, 3s . T itle Page, C ontents Table, L ist of Personnel, Preface a n d  E xp lana tion . Vol. 1, No. 6, pp. 255-275, P la tes  cxxvi-cxlix . Ju ly  1944, 4s. C ontinuous P lan k ton  Records. The Z ooplankton (other th a n  Copepoda an d  Young F ish) in  th e  Southern  N orth  Sea, 1932-37, by D r. G. T. D. H enderson an d  N. B. M arshall.

THEOLOGY IN AN AGE OF 
SCIENCE

IN h is  in au g u ra l lec tu re a t  th e  U n iv e rs ity  o f O xford 
on N ovem ber 3, 1944 (O xford : A t th e  C larendon 

P ress, 2s. no t), P ro f. L eo nard  H odgson, reg iu s  p ro ­
fessor o f d iv in ity , asked  how  th e  voice o f theo logy  is 
to  be h e a rd  in  a  scientifically  m in d ed  age. M ust i t  
n o t  in e v ita b ly  belong to  a  w orld  o f th o u g h t a lien  to  
th e  scientific ou tlook  ?

Science h a s  been defined b y  D r. C. H . W ad d in g to n  
a s  “ th e  o rgan ized  a t te m p t  to  d iscover how  th in g s  
w o rk  as causa l sy s tem s” . T h is  v iew  assum es th a t  a ll 
ev en ts  a re  ex p licab le  in  te rm s o f causal system s (or 
t h a t  th e re  a re  no ev en is  ly ing  ou tside  th e  ran ge  of 
scien tific  s tu d y ). I n  th is  case, does th e  fac t th a t  
psycho log ists  a n d  sociologists a re  recognized as  m en

o f science m ean  th a t  a ll h u m an  b eh av io u r can  be 
acco u n ted  fo r on  causa l g ro un ds ? O r th a t  th e y  can 
s tu d y  on ly  such asp ec ts  o f i t  a s  a re  th u s  causally  
explicab le  ?

To ta k e  th e  form er view  is to  beg a  v e ry  large 
q uestio n  ; to  ta k e  th e  la t te r  is to  a sse rt t h a t  th e re  
can  be no scientific s tu d y  o f such  p u rp o siv e  b ehav io u r 
as  is explicab le in  te rm s n o t o f causes b u t  o f  reasons 
— a  lim ita tio n  w hich psychologists an d  sociologists 
w o u ld  re jec t.

T he fac t is, rem a rk s  P rof. H odgson, “w e live  in  a  
w o rld  in  w hich  th e re  a re  tw o  orders o f ev en ts— those 
w h ich  follow  fro m  causes, a n d  tho se  w h ich  a re  done 
on purpose , fo r reason s” . T hus, i f  science lim its  itse lf  
s tr ic t ly  to  th e  causal o rder i t  can  on ly  deal w ith  one 
p a r t  o f our experience.

I f  theo log y  is a  science, i t  w ould  p re su m a b ly  deal 
w ith  a  su b jec t-m a tte r  n o t d iss im ila r to  tho se  o f 
psychology a n d  sociology, th a t  is , ev en ts  w h ich  a re  
done on pu rpose , fo r reasons.

R ejec tin g  th e  tr a d itio n a l id ea  o f rev e la tio n  a s  
“ erroneous a n d  u n te n a b le ” , P ro f. H odgson  declares 
th a t  “ th e  d iv in e rev e la tio n  is n o t  g iven  in  th e  form  
o f p ro po sitio n s  convey ing  a  read y  m ad e  know ledge, 
b u t  in  ev en ts  w h ich  a re  d iv in e  red em p tiv e  a c ts ” . 
T hese ac ts , a n d  th e  ev idence fo r th e m , i t  is th e  
business o f theo log y  to  s tu d y , a n d  hore lies i ts  c laim  
to  be  a  science.

“ Theology is itse lf  one o f th e  sciences— th e  em ­
p irica l s tu d y  o f th e  ev idence for c e rta in  m ig h ty  ac ts  
o f God in  th e  h is to ry  o f th e  w o rld .”

To be scientific, such  s tud ies  w ould  h av e  to  be 
w holly  u n p re ju d iced . O f course th e  ev idence for 
som e o f th ese  ev en ts , a n d  th e se  n o t th e  le a s t im po r­
ta n t ,  is n o t  easy  to  es tab lish  : an d  i t  is p e rh a p s  n o t 
ju s tifiab le  to  speak  o f th e se  events, as  P ro f. H odgson 
does, as  “ a  ce rta in  sequence o f ev en ts  w hich, a s  
events, a re  as  observab le a s  a n y  o th e rs” .

T heology th e n  w ould  ap p ea r to  be a  science in  th e  
sam e sense as  h is to ry  is one. B u t to  d iv e st theo logy  
o f i ts  philosophical asp ec ts  w ould  be to  d iv e st it  o f  
m o st o f its  in te re s t a n d  d ep th .

RESOLUTION OF EXTRAGALACTIC 
NEBUL/E

UN L IK E  th e  o th e r  nebulae in  th e  local g roup , th e  
tw o com pan ions o f th e  A n d ro m ed a  n e b u la—  

M  32 a n d  N O C  205— an d  th e  cen tra l reg ion  o f th e  
A n drom ed a n eb u la  itself, hav e  h ith e r to  defied 
reso lu tion  in to  s ta rs  b y  th e  m o st pow erfu l in s tru ­
m en ts  a t  th e  d isposal o f astronom ers. I t  w as there fo re  
supposed  th a t  th e  lu m in o s ity  o f th e ir  b r ig h te s t s ta rs  
w as ab n o rm ally  low. T h is  conclusion is am p ly  co n­
firm ed b y  th e  reso lu tion  o f these  ob jects  on  p la te s  
ta k e n  recen tly  on th e  100-in. telescope (W . B aade , 
A strophys. J . ,  100, 137 ; 1944).

Som e tim e  ago, u n exp ec ted  signs o f in c ip ien t 
reso lu tion  on o rd in a ry  p la tes  ta k e n  u n d er good 
co nd itions gave  groun ds for hop ing  th a t  fu r th e r  
refinem ents o f tech n iq u e  w ould  lead  to  com plete  
reso lu tion . T his h a s  now  been ach ieved  b y  th e  use 
o f red -sensitive p la tes  b eh ind  a  filter pass ing  on ly  
th e  reg ion  6300-6700 A ., so as  to  av o id  th e  s tro n g  
n ig h t-sk y  em ission. O nly  n ig h ts  o f ex cep tio nal 
defin ition  w ere used, a n d  on ly  these  if  th e  tem p e ra tu re  
va ria tio n s  w ere such  as  to  m inim ize changes o f form  
o f th e  100-in. m irro r. T he  p la tes  w ere o b ta in ed  w ith  
exposures o f th e  o rd er o f fo u r hou rs, a n d  show  t h a t
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th e  h ith e rto  am o rp h ou s s tru c tu re  o f these  galax ies 
h as d is in teg ra ted  in to  a  g rea t n u m b er o f fa in t red  
s ta rs  close to  th e  th resh o ld  lim it  o f th e  p la tes.

T h is  behav io u r is q u ite  un lik e  th a t  o f  th e  h ith e rto  
reso lvab le  system s, in  w h ich  th e  b r ig h te s t  s ta rs  are 
w h ite  a n d  a re  re la tiv e ly  ra re . B aad e  believes th a t  
th e  galaxies co n ta in  tw o ty p e s  o f s to lla r po p u la tio n  
d iffering  in  th e ir  H ertz sp ru n g -R u sse ll d iag ram s. 
T ype I  co n ta in s  O a n d  B  su p e rg ian ts  an d  open 
clu sters , a n d  is exem plified b y  th e  slow -m oving s ta rs  
in  th e  so lar ne ighbou rhood  ; ty p e  I I ,  ex h ib ited  pu re  
on ly  in  ea rly -ty p e  nebula-, co n ta in s  sh o rt-p eriod  
C epheids an d  g lo b u la r c lusters. B o th  ty p e s  co-exist 
in  o u r own ga laxy .

T h is new  techn iq u e  fo r reso lv ing  ex tra g a lac tic  
nebulae b y  em ploying  red -sensitive  p la te s  in  th e  best 
o bserv ing  co nd itio ns  w ith  th e  100-in. telescope h as 
also  show n th a t  even ea rly -ty p e  nebulae can  be 
reso lved  if  th e ir  d is tan ce  does n o t exceed  300 kilo- 
parsecs. Since th is  is th e  d is tan ce  u su a lly  ta k e n  to  
m a rk  th e  b o u n d ary  of th e  ‘local g ro u p ’ o f galaxies, th e  
c rite r io n  o f reso lv ab ility  becom es th e  te s t  o f m em b er­
sh ip  o f th e  local g roup . T h is  te s t , ap p lied  b y  B aade  
(Astrophys. J . ,  100, 147 ; 1944) to  N O C  147 a n d  to  
N G C  185, show s th a t  these  inconspicuous com ­
pan ions o f th e  A n drom ed a n e b u la  a re  local galax ies 
b est classified as e llip tica l nebulae o f low  lum in osity  
an d  sm all d e n sity  g rad ien t. T hese ad d itio n s  increase 
th e  n u m b er o f recognized m em bers o f th e  local g roup  
from  eleven to  th ir te e n , an d  d w arf  galax ies  now  o u t­
n u m b er g ian ts  by tw o to  one.

T h e p ro p o rtio n  o f e llip tica l system s is s tead ily  
ris in g  a s  a  re su lt o f recen t discoveries : th e y  now  
nu m b er n early  a  h a lf  of th e  know n local nebulae. The 
new  d a ta  do n o t  su p p o rt th e  v iew  th a t  g lob u lar 
c lu sters  an d  e llip tica l nebul®  lie a t  opposite  ends o f 
a  com m on sequence o f s te lla r  agg lom erations. T he 
b iggest g lobu lar c lu sters  a re  s till  som e te n  tim es 
sm alle r in  lin e a r  d im ensions th a n  th e  sm allest 
e llip tica l nebulas, a n d  th e  m ean  d ensities  o f th e  tw o 
system s differ b y  a  fac to r o f th e  o rder o f fifty.

R o y a l  A e r o n a u t ic a l  S o c i e t y  (at the Institution of Mechanical Engineers, Storey’s Gate, St. James’s Park, London, S.W.l), a t6.30 p.m.—Mr. T. P. W right: “Aviation's Place in Civilization(Thirty- third Wilbur Wright Memorial Lecture).
Friday, June I

R o y a l  I n s t i t u t i o n  (at 21 Albemarle Street, London, W .l), at 5 p.m.—Prof. James Gray, F .R .S .: “Migration of Animals” .
I n s t i t u t i o n  o r M e c h a n i c a l  E n g i n e e r s  (at Storey’s Gate, St. Jam es’s Park, London, S.W.l), a t  5.30 p.m.—-Exhibition of Films of Engineering Interest.
G e o l o g is t s ’ A s s o c ia t io n  (at the Geological Society o f  L o n d o n , Burlington House, Piccadilly, London, W .l), a t 6 p.m.—-Prof. A. Austin Miller: “ Some Physical Features o f  the Dolgelly District ”.

APPOINTMENTS VACANT
A p p l ic a t io n s  are invited for the following appointments on or before the dates mentioned :
L e c t u r e r  i n  O r g a n ic  C h e m i s t r y  a t the City of Liverpool Tech­nical College—The Director of Education, 14 Sir Thomas Street, Liverpool 1 (June 1).
L e c t u r e r  i n  P h y s ic s  a t Loughborough College, Leicestershire—• The Registrar (June 7).
T u t o r , and A s s is t a n t  T u t o r , i n  t h e  D e p a r t m e n t  o f  S o c ia l  

S c i e n c e , London School of Economics and Political Science—Acting Secretary, a t the Hostel, Peterhouse, Cambridge (June 8).
L e c t u r e r  i n  R u b b e r  T e c h n o l o g y  a t  the Northern Polytechnic, Holloway Road, London, N.17—The Clerk (June 13).
D i r e c t o r  o f  R e s e a r c h  a t  the Institution of Automobile Engineers —Research Department of the Institution, Great West Road, Brent­ford, Middlesex, marked “Director of Research” (June 16).
A s s is t a n t  L e c t u r e r  i n  A n a t o m y , London (Royal Free Hospital) School of Medicine for Women, Hunter Street, Brunswick Square, London, W.C.l—The Warden and Secretary (June 23).
P r o f e s s o r  o f  P h y s io l o g y  a t  King’s College of Household and Social Science—The Academic Registrar, University of London, Richmond College, Richmond, Surrey (June 26).
M e t a l l u r g is t  in Midlands for research work on cemented carbides —The Ministry of Labour and National Service, Central (T. and S.) Register, Room 5/17, Sardinia Street, London, W.C.2 (quotingF.4005.XA) (June 30).
R e a d e r  i n  E n t o m o l o g y  in the University of Durham, tenable a t King’s College, Newcastle-upon-Tyne—The Registrar of King’s College (June 30).
P r o f e s s o r  o f  I n d u s t r i a l  H e a l t h  in the University of Durham, tenable a t the Medical School, King’s College, Newcastle-upon-Tyne— The Registrar of King’s College (July 31).
F e l l o w s h i p  i n  E c o n o m ic s  a t  Baliol College, Oxford—The Master’s Secretary (Aug. 31).
V i c e - P r i n c i p a l  (woman) of Wye College (University of London) with experience in university teaching in science, horticulture, agri­culture or economics—-The Acting Principal, Wye College, near Ashford, Kent.

FORTHCOMING EVENTS
Monday, May 28

B r i t i s h  P s y c h o l o g ic a l  S o c ie t y  ( I n d u s t r i a l  S e c t i o n ) (at the London School of Hygiene and Tropical Medicine, Keppel Street, London, W.C.l), a t 12.45 p.m.—-Prof. C. A. Mace : “ Industrial Train­ing or Industrial Education ?”
Tuesday, May 29

R o y a l  C o l l e g e  o f  S u r g e o n s  (Lincoln’s Inn Fields, London, W.C.2), a t 4 p.m.—Prof. Arnold Sorsby : “Penicillin and Gramicidin S. in Ophthalmology” .
E u g e n ic s  S o c ie t y  (at Royal Society, Burlington House, London, W .l), a t 5 p.m.—Mr. Cyril Bibby: “Sex Education—Aims, Possibilities and Plans” .
T e l e v i s i o n  S o c ie t y  (at the Institution of Electrical Engineers, Savoy Place, Victoria Embankment, London, W.C.2), a t 6 p.m.— Dr. W. Sommer : “The Human Eye and the Photo-Cell” .

W ednesday, May 30
R o y a l  S o c ie t y  o f  A r t s  (at John Adam Street, Adelphi, London, W.C.2), a t  1.45 p.m.—Dr. Colin G. Butler : “ The Behaviour of Bees when Foraging” .
S o c ie t y  o f  C h e m ic a l  I n d u s t r y  ( P l a s t ic s  G r o u p ) (at the Royal Institution, Albemarle Street, London, W .l), a t 3 p.m.—-Mr. H. V. P o tte r: “Leo Hendrik Baekeland : The Story of His Life” (first Baekeland Memorial Lecture).
P h y s i c a l  S o c ie t y  (C o l o u r  G r o u p ) (at the Royal Photographic Society, 16 Prince’s Gate, London, S.W.7), a t 3.30 p.m.—Mr. L. C. Jesty : “Colour Television” .

Thursday, May 31
I n s t i t u t e  o f  F u e l  (at the Institution of Mechanical Engineers, Storey’s Gate, St. James’s Park, London, S.W.l), a t  10.30 a.m. and2.30 p.m.—Conference on “ Industrial Thermal Insulation” (to be opened by Dr. E. W. Smith, C.B.E.).

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

Great Brita in  and Ireland
Imperial Bureau of Animal Health. Review Series, No. 2 : Modes of Spread of Streptococcus Agalactiae Infection in Dairy Herds. A Report on Co-ordinated Observations Organised by the Agricultural Research Council of the United Kingdom. Pp. iii+28. (New Haw, Weybridge : Imperial Bureau of Animal Health, 1944.) 3s. [284 Institution of Electrical Engineers. Report of the Council for the Year 1944-1945. Pp. 12. (London: Institution of Electrical Engineers,1945.) [55Carnegie United Kingdom Trust. Thirty-first Annual Report for the Year 1944. Pp. 8. (Dunfermline : Carnegie United Kingdom Trust, 1945.) [55John Innes Horticultural Institution. Thirty-fifth Annual Report for the Year 1944. Pp. 24. Bulletin No. 1 : Answers to Growers. Pp. 60 +  8 plates. 2s. 6d. (London : John Innes Horticultural Institu­tion, 1945.) [55

O ther Countries
Transactions of the San Diego Society of Natural History. Vol. 10, No. 10 : A New Race of Kangaroo R at from the Argus Mountains, California. By Laurence M. Huey. Pp. 131-132. Vol. 10, No. 11 : The Geckos of the Genus Coleonyx with Descriptions of New Sub­species. By Laurence M. Klauber. Pp. 133-216. (San Diego, Calif. : San Diego Society of Natural History, 1945.) [214Zoological Society of San Diego. Publication No. 21: Herpetological Correlations; 1. Correlations in Homogeneous Populations. By Laurence M. Klauber. Pp. 101. (San Diego, Calif.: Zoological Society of San Diego, 1945.) [284Transactions of the Mining, Geological and Metallurgical Institute of India. Vol. 39, No. 4 : A Contribution to the Study of Ordinary Carbon and Medium Manganese Steel Rails. By J. S. Vatchegandhy and Dr. G. P. Contractor. Pp. vi+200 +  14 plates. Vol. 40, No. 1 : The Course of Recent and Future Developments in the Steel Trade in India. By R. A. Macgregor. Pp. 24. (Calcutta : Mining, Geological and Metallurgical Institute of India, 1944.) [284Indian Research Fund Association. Special Report No. 12 : Studies on Basal Metabolism in India. By Dr. V. N. Patwardhan. Pp. 22. (Cawnpore : Job Press, 1944.) 6 annas. [284





The vacancies a d vertised  in these colum ns are ava ilab le  only to  app lican ts to  w hom  the E m plo ym en t of W om en  (C ontrol of Engage­m ent) O rders, 1942-3, do  not a p p ly .

M U R D O C H  T R U S T
For the B E N E F IT  of IN D IG E N T  BACHELORS  and W ID O W E R S of good character, over 66 years of age, w ho have done “ som ething " in the way of prom oting or help ing som e branch o f Science.D onations or Pensions m ay be granted to persons w ho com ply with these conditions.For particulars applv to M ESSRS. SH E P H E R D  

A W E D D E R B U R N , W .S ., 16 Charlotte Square. Edinburgh. 2

C O M M O N W E A L T H  O F 
A U S T R A L IA

COUNCIL FOR SCIENTIFIC AND INDUSTRIAL RESEARCH
F e l l o w s h i p  i n  G e n e t i c s  a n d  A n i m a l  B r e e d i n g

Applications are invited from university graduates who have been actively engaged in the study of genetics and animal breeding for appointment to a Fellowship in Genetics and Animal Breeding. Applications, in duplicate, should reach the Australian Scientific Research Liaison Office, Australia House, Strand, London, W.C.2, not later than June 25,1945.The appointment will be for a period of three years and the salary will be £A1,000 for the first year, £A1,100 for the second year, and £A 1,200 for the th ird  year.The successful applicant will be expected to take up his work in Sydney, N.S.W., in association with the Council’s laboratories there. The work will be carried out in the Council’s Division of Animal Health and Production, and the facilities of the Division, including laboratory space, laboratory animals as well as Field Station flocks, will be available to  the Fellow. Facilities will also be pro­vided for the maintenance of any special small animals the Fellow may require in the prosecution of his studies.It is expected that the Fellow will devote the major part of his work to the study of the sheep, but this should not preclude him from pursuing some more academic line of research. He may be expected also to  initiate others into work in the field of genetics and animal breeding.The appointee will be expected to take up his fellowship within reasonable time, say six months, of appointment. It is suggested that he should travel to Australia via the United States of America where he might spend a period of about three months in  visiting appropriate institutions and in establish­ing or-renewing contacts with workers in genetics and animal breeding in that country. Final plans with regard to this proposed visit will be made after consultation between the Fellow and the Council.During the tenure of the Fellowship, the Fellow will be asked to advise the Council on the establish­ment of more permanent facilities for the prosecution of work in Australia on genetics and animal breeding.The same conditions regarding leave, travelling expenses, and the like as are applicable to officers of the Council will apply to the Fellow.(Signed) G. A. COOK,Secretary.Council for Scientific and Industrial Research,314 Albert Street,East Melbourne, C.2, Victoria.

U N IV E R S IT Y  O F C A M B R ID G E
DEMONSTRATORSHIP IN METALLURGY
The Appointments Committee of the Faculty of Physics and Chemistry give notice that they intend to  appoint a University Demonstrator in Metallurgy, to  hold office from October 1, 1945. The appoint­ment will be subject to the Statutes and Ordinances of the University. The initial basic stipend of a University Demonstrator is £200 a y ea r; but the Faculty Board, subject to  the approval of the General Board, may resolve that an additional pay­ment not exceeding £150 a year be made to a Demonstrator who is not a Fellow of a College, and a further additional payment of approximately £150 a year may be made for teaching in excess of the basic amount.Candidates are requested to state their age and give the names of not more than three referees, together with any evidence of qualifications they may desire to submit. Applications should reach Dr. F. B. Kipping, Secretary of the Appointments Committee of the Faculty of Physics and Chemistry, the University Chemical Laboratory, Pembroke Street, Cambridge, on or before Monday, Ju ly  2, 1945.

WYE C O L L E G E
(UNIVERSITY OF LONDON)

The Governors invite applications from men or women for the following appointm ents:(1) Department of Agriculture—Head of Depart­ment, salary £1,000-£1,2C0. (2) Department ofHorticulture—Head of Department, salary £1,000- £1,200. (3) Department of Chemistry—Head ofDepartment, salary £800-£900. (4) Lecturer inFruit Growing, salary £425-£625. (5) Lecturer inChemistry (also qualified to give instruction in Elementary Physics), salary £425-£625. (6) Assistant Lecturer in Chemistry, salary £375. (7) Lecturer in Surveying and Building Construction, salary £425- £‘625.Closing date for receipt of applications, June 9, 1945.Further particulars regarding any of the above appointments may be obtained from the Acting Principal, Wye College, W'ye, nr. Ashford, Kent.
WYE C O L L E G E

(UNIVERSITY OF LONDON)
The Governors invite applications from women for the post of VICE PRINCIPAL (resident). Applicants should have had University teaching experience in Science, Horticulture, Agriculture or Economics. Salary £750-£950 with superannuation under the F.S.S.U. Further particulars may be obtained on application to the Acting Principal, W’ye College, Wye, nr. Ashford, Kent. Closing date for receipt of applications, June 9, 1945.

W YE C O L L E G E
(UNIVERSITY OF LONDON)

The Governors invite applications from men for the post of SECRETARY & REGISTRAR. Applicants must be University graduates with experience in office administration. Salary (non­resident) £600, rising by annual increments of £20 to £700 with superannuation under the F.S.S.U. Further particulars may be obtained from the Act­ing Principal, Wye College, Wye, near Ashford, Kent. Closing date for receipt of applications, June 9, 1945.
CITY OF BIRMINGHAM EDUCATION COMMITTEE

A S T O N  T E C H N IC A L  C O L L E G E
W HITEHEAD ROAD, BIRMINGHAM, 6 

P rincipal: D. Dudgeon Stockley, B.Sc., M.I.Mech.E.Applications are invited for either of the following tem porary full-time appointments, men or w om en: (1) LECTURER to take ENGLISH and FRENCH and also Geography or History. (2) SCIENCE LECTURER to take Biology, Chemistry, Physics.Applicants should hold appropriate degree or equivalent. Salary : new Burnham Technical Scale. Duties to commence September 1, 1945. Further particulars will be sent on receipt of stamped addressed envelope by the Principal, to whom applications must be returned on the form provided, not la ter than June 7. P. D. INNES,Chief Education Officer.

U N IV E R SIT Y  O F D U RH A M
CHAIR OF INDUSTRIAL HEALTH 

Applications are invited for the Chair of Industrial Health, tenable at the Medical School, King’s College, Newcastle-upon-Tyne.The candidate appointed, if now on National Service, will not be expected to take up the appoint­ment until his release.The salary will be not less than £1,500. Previous industrial experience is not essential.F urther particulars may be obtained from the undersigned by whom applications, together with the names of three persons to  whom reference may be made, should be received not la ter than July 31, 1945, although consideration will be given to later applications from those serving overseas.G. R. HANSON,Registrar of King’s College.
U N IV E R S IT Y  O F  D U R H A M

Applications are invited for the Readership in Entomology, tenable at King’s College, Newcastle- upon-Tyne. The candidate appointed, if now on National Service, will not be expected to take up appointment until his release. The salary offered 
is £750 per annum.Further particulars may be obtained from the undersigned, by whom applications should be re­ceived not la ter than June 30, 1945, although con­sideration will be given to la ter applications from those serving overseas. G. R. HANSON, Registrar of King’s College.

T H E  Q U E E N ’S U N IV E R SIT Y  
O F B E L FA ST

MUSGRAVE STUDENTSHIPS 
Applications are invited for three Musgrave Studentships in Pathology, Physics and Biology. The appointments will date from October 1, 1945, and will be tenable for one year each, but are renew­able for a further period.Applications, which must be from Graduates from a University, must be lodged with the Secretary of the University, before June 1, 1945, on forms which may be obtained from the undersigned.RICHARD H. HUNTER,Secretary.

IM PE R IA L  B U R E A U  O F A N IM A L  
N U T R IT IO N

ROWETT RESEARCH INSTITUTE, BUCKSBURN, ABERDEEN 
Applications are invited for the post of Assistant. Applicants should be University Graduates and those with degrees in science, especially biological science, and a knowledge of foreign languages, will be preferred. The duties will be abstracting, precis writing, indexing. Salary scale: £300-£15-£390 with W ar bonus. Superannuation F.S.S.U. ^ f te r  probationary period, unless already a member. Initial placing according to qualifications and ex­perience. Applications to be sent by June 9 to the Deputy Director of the Bureau at the above address.

IM PE R IA L  C O L L E G E  O F SC IE N C E  
A N D  T E C H N O L O G Y

DEPARTMENT OF MATHEMATICS AND MECHANICS
W ith effect from October 1, 1945, several junior appointments in this Department will be made in the grades of Assistant Lecturer (Scale £350 : £375 : £400) and Demonstrator (£250 : £275 : £300), with F.S.S.U. m em bership; tenure limited to three or four years.Applications to The Secretary, Imperial College, London, S.W.7.

K IN G 'S  C O L L E G E  
N E W C A S T L E -U P O N -T Y N E

IN THE UNIVERSITY OF DURHAM 
Applications are invited for the post of Lecturer in Applied Mathematics. Duties to commence October 1, 1945. Initial salary will be between £450 and £550 according to qualifications and ex­perience. Further particulars may be obtained from  the undersigned to whom four copies of application, together with the names of not more than  th ree referees, should be sent not later than Saturday, June 9, 1945. G. R. HANSON,R egistrar of King’s College.

L O U G H B O R O U G H  C O L L E G E
P rincipal: Dr. H erbert Schofield, M.B.E. 

DEPARTMENT OF PURE AND APPLIED SCIENCE
Applications are invited for the position ol Lecturer in Physics up to  Degree Standard. Honours Graduate with research and industrial experience preferred. Salary will be in accordance with the Burnham (1945) Scale for Technical Colleges, with a special responsibility allowance for a suitably quali­fied and experienced candidate. Further details and form of application, which should be returned by June 7, m ay be obtained from the Registrar, Loughborough College, Loughborough, Leics.

A U C K L A N D  U N IV E R S IT Y  
C O L L E G E

(UNIVERSITY OF NEW ZEALAND) 
Applications are invited for the CHAIR OF BOTANY. Salary £1,075 per annum. Allowance for travelling expenses. Appointment (for five years in first instance) to commence March 1946.Further particulars from the Secretary, Univer­sities Bureau of the British Empire, c/o University College, Gower Street, London, W.C.I.

U N IV E R S IT Y  O F SYDNEY
CHAIR OF AGRICULTURE 

The Universities Bureau of the British Empire, c/o University College, Gower Street, W.C.I, has been asked to advertise the vacant Chair of Agri­culture in the University of Sydney. Salary £1,250 plus superannuation. Applications (6 copies stating age, experience, publications, medical certificate and recent photograph) to reach the Registrar, University 
of Sydney, by August 18, 1945.


