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?.~:,:.:R~~~:N c- PA~~~ ~~~~~~ BY S~:~~ RAYS L ’ i \~ J~ D

Recent exper~sicnts wi th Geiger coun ters by
a~~~ , Casta~no1i , Gi~,j1l , and Sciuti of the Institute

of :~~JS l C~ of the University of Rome h~s indicated
~. :~~oh l cw ~ r cross section for the pr cduction of pene—
t r a t i n g  pairs underground th an  previous similar wor k
~3corgc ~n d Tren t, Nature 13~ , 338 (1949)); Braddick,
..asn, ano V,olfenaale, Phil. ~ag. 42 , 1277 ( 1951)).

The new experiments were concerned wi th the
production of a single pene trating secondary by a ~~~

—

ncson in a block of lead. The sr os~ se c t ion  for th is
process was foun d to be 6 x cm for secondc.ry 

— 0pa~ tic1es capable of penetrating 5 cm of lead and 2 x 10cm’ for those capable of pene t ra t ing  15 cm of lead.

The measu rements  were ca r r i ed  out~~r Professor
Aaa ldi and co l l abo ra to r s  at a depth of for ty m eters  water —
equ ivalent below sea leve l by means of a large Geiger
counter telescope and a hodoscope arrangement. The tele-
scope cons is ted  of four trays of counters designated B,
C , D , and E respec t ive ly and separated fror.i  each o ther
by v e r t i c a l  d is tances  of the order of 50 cm . The effec-
tive area of each tray was about 3.2 square meters giving
a large count ing  ra te  (about 12.6 p a r t i c l e s  per minute )
and a good angular  d e f i n i t i o n  (a few degrees ) .

The ind iv idua l counters of trays E ,C,D, and E
were hodoscoped , i.e., each counter was connected to a
corresponding neon lamp, so that when a master coinc i-
dence took place , it was possible to establish which of
the counters  had been hit . For the most part, the mas ter

- coincidenc e required a s ingle  counter  to go off in trays
3,D,and E, and two Counters in tray C.
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Trays C ,D , and 8 were Icca coO jc~ct o u i c i~I 5
csi ~hicN shields of lead , viaile abou t 30 cro eaove tray
B was placed a 5 cm thick lead screen desi~ natcd 

~~A very large tray of Geic~er counters designated a~ A
was loca ted Jus t above

~y i. ial: ing run~ U~ t~~ ~.nc ~~~ ~A~cat ~~..j t “~~~~

possible to stady the p r o d u c t i o n  of s e c o n d a r y  p a r t i c le s
in ~~~ , and by s~eans of the hodoscope ar .a .~ nt  the
range  of the secondary  p a r t i c l e  could  be d et e r r . i i a e c .
The analysis of the data obtained in a total recordIng
time ol ’ 620 hours gave the cross sections çuoted above
which arc in good agreement ~ ith ;ho cros s section for
nuclear  i n te r a c t i o n  of ~—r~csons o b ta i n e d  by Georga and
Evans (Proc . Phys . Soc . 63, 1248 ( 1950)),  and 0. Cocconi
and V. Cocconi— Ton glorgrT?hy s . Rev. 83, 29 ( 1951)).

SEARCH FOR A NEUTRA L COS~~IC— RAY Cc/O?C: :EU T b~::ER3R ~ U i :

The ex i s tence  of a n e u tr a l  conpor.ent ur e rg roun d
has be en su gge sted mos t r e c e n tl y  by :- :ayaka ’.:a ( P r o c . ?~. s .
Soc. A 65, 215 (1952)) for the purpose cf explainin : tho
produc tT~n of pene tratinç~ pairs underground with a cross
soction of about 5 x 1O~~~ cm per nucle on as obtained by
George and Trent and by Braddick, at al.

The results of Arsaldi and collaborators given
above make Hayakawa’s assumption superfluous. ~owcver
they were able to use some of t he Ir  da ta  fo r  an a n t i —
coinc idence  exper iment  s i m i l a r  to  tha t sugges ted  by
Hayakawa at the end of hIs paper to  de te rmine  the c on-
version of uncharged into charged particle. Tr ay A Is
used as the anti—coincidence tray; fourfold coincidences
(B C D E) and fivefold coincidences (A B C D E) are then
compared with ar~ w1thout lead screen

From a comparison of these results , It is pos-
sible to deduce the cross section for charge exchange wi thin
the lead block s and compare it with the predicted charge
exchange cross section which should be of the order of
100 times the value of the cros s section for pair produc-
tion (since charge exchange is a first order and pair pr o—
~1uction is a third order process). The number of ncutra~particles which convert In the lead block is found to be
much too small, however , (by about a factor of 100) to be
in agreement with Hayakawa ’s hypothesis.
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OPTICA L P~~~~~~T iES ~ F COYS TA L L IN E ( ;~ R ~~~~~~~

~rattain and :riggs (Phys . Rev. 75, 1705 ~1~49))
h~ vc measured the optical p :opcrtlcs of gerr. aniurs thin
fil:as . They observed In thc r paper tha t tnc ~noex ox re-
fr action of the films studied was abou t 1~ p’;r cent lcv,er
t h a n  tha t found fo r  p r i s ms  and suggested LLet this was
due t o  a l ower d e n s i t y  in the t h i n , amorphous  f i  ims .  I-l.A .
(~:cbh ic  of thc Services lcc tronics Lcscerch Laboratories ,
~~laoC k, Harts , has recently performed a series of experi—
n e nt s  which clarify this situation.

L~r .  Gabb le  has found that  if evaporut od  f I l m s
c~ r a r ~~u~t are annealea for one hour at £OOcC, astant iully crystalline mater Lal results wIth a ci~~a ti n ct
rsoei f ic~~t i o n  in both  transmission and index of refraction.

recent measurerscnts on samples about 770A thick (as
determined by multiple bears interferome try), the cutoff

= 10 per cent ) moved from 0.76 mIcrons in the amorphous
s~ote to 0.70 microns in the crys talline state. Wave—
:engths shorter than this are absorbed.

At the same time , the low order interference
bands found th the transmission characteristic move to
sh or te r  wave lengths i n d i c a t i n g  an increase ifl the op tIcal
t IL LC kf l C SS  of ab out 10 per cent .  The physical  th ickness
of the f i l m s  is s ub s t a n t i a l l y  unchanged , and t h er e f o r e  the
Index of r e f r a c ti o n  may be assumed to have increased , and
to be in substantial agreement wi th the bulk value. Very
large changes in the electrical resistance of’ the films
are also observed.

‘FARADAY S~~~IETY DISCUSSION a~i RADIATION CHEMIS TR Y

At the Faraday Society Discussion on Radiation
Chemistry which took place recentiy in Leeds, the discus-
sions revealed that most of the basic techniques and
fundamenta l standards  of r a d i a t i o n  c h e m i s t r y  s tI l l  aced
fina l definition . The contr ibutions of Professor Bacq
(L .ie’ge)  and Dr. Dale (Manchester) dealing with the pro-
tective effect of amines and wi th the general  p rob le m of
protection in multi-solute systems are of far—reaching
potential impor tance. These are discussed in the Biological
Sciences section of this issue.

The comple te Proceedings of the Discussion will
be published by the Faraday Society in abou t six months
Technical Repor t ONRL—48—52, summarizing some of the papers
and discussions, is forthcoming and will be available frog
the Technical information Division , Code 250, Office of

Naval Researc h, Washington 25, D.C.
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Act  i norsc try and Dos 1~~L~~Y

The r cco~ ni t i o n of h~~ :~J v: n t a  ~os of c~ em i c a l
vs.  ion i~i a t i o n  me~~~~ds o~ eos 

~~‘j , 
es ~~;c~~~ Lj ~n sac

case of inh omog cne ous  r a d i a t i o : i s , has r ev i v e d  in s c r e~~t
in  the chemica l  p r o c e d u r e s .  In  a s u .  t i  n , the ch e m i c a l
m et h o d s  are g e n e r a l l y  f a s t e r  and :..cr.~ c e n ve n i en t .  h o
~;cne ra l  a g re e m e n t  nas been r e acnea  a. yet , nowaver , on
the best s tandard  p r o c e d u r e s .  In aqueous sys tem s the
sulfuric acid solution of ferrous sul~ ate is generally
accepted as most su~ tas1e, a~ least :or cose r ates no t
exceeding 1000 roentgcn/m in/9. of s o l u t i o n .  Ab ove t h l 5
dose rate the yield aegins to decrease, bus the d e t a i l s
of this change in yield have not yet b een quantitat ive l~relucidated. The aftereffec t in t h i s  sys tem is neg l i g i b l e
after ten minutes , but it should se kept In mind during
this period as it may lead to erroneous results. ~t high
dose rates the ceric sulfate sys tem (again in 0.~N sul-furic acid solution ) is probably sup~rior to the ferrous
s u l f a t e  system . 3.3. :- :ardwich (Cha lk  RIve r, Canada) re-
ported on e x p e r i m e n t s  w I t h  t h i s  sys tes. as dose r a tes  up
to  abou t 36 ,000 r/rn i n/g. of s o l u t i o n .  A l l  su r faces  in
contact wi th the irradiated surface must be extreme ly
clean. The y i e ld  v a r ie s  i nverse ly  as the energy of the
irradiating electrons.

~~antum iimission from irradiat ed Liquids

The i n t e r e s t i n g  paper p u b l i sh e d  by P.1. Dec and
E . . . T .  R ichards  (Glasgow ) (Na tu re  168 , 736 , ( 1951)) was
d i s c uss e d  by several  speakers and i s  appears  th a t  the
observat ions  are not r e a d i l y  r e p r o d u c i b l e  and may be
inco r r ec t .  Dr .  R icha rds  o re sen ted  f u r t h e r  r e s u l t s  at
t h i s  m e e t i n g  in which l ig h t  em i s s i o n  was a g a i n  observed
during a a—particle bombardment , but no estima te of the
energy balanc e was g iven .  Dr .  N. M i l l e r  ( E c i n gu r 5n )  has
f a i l e d  to  reproduce these r e s u l t s  in  a ser ies  of e l abora te
exper imen t s ;  n e i t h e r  the r epo r t ed  chemical  e f f e c t s  nor
light emission was seen.

Determination on the Number of Free Radicals in
L ig u i d s

The s t ab l e  f r e e  r a d i c a l  a—d ip hc ny l ~ —p i cry 1hy drazy 1
(DP PH ) is be i ng used in  several  l a b o r a t o r ie s  to e s tIm a t e
quantitatively the number of free radicals produced in
liquids. M. Magat and his collaborators (Paris) reported
a detailed comparison of the i~PPH method w i t h  tha t based on
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the we l l known fact tha t free radicals irht iate :.~s1,mcri—
zation . When ca rc i’u l l y  used , the two me thors g iv e  reason-
a b ly  c o n s i st e n t  rc su 1t~i for  mos t of the or g a n c l iq u i ds
s t u d i ed .  ( c f .  ESN 5 , 300 ( 1951)) The D? P h rs~:thod is f a s t
and c onvCf l iCn t  but has several limitations , tao cn~ef one

~c in g  the r e a c t iv i t y  of DPPH wi th double b or.u~~, with u’atcr,
and w i t h  o r g a n i c  hydro> :yl groups and othe r l a b i l e  hydrogen
atoms . This h a z a r d  was a lso empha sized  by Pr ofe ssor  C.E.H.
Eawn ~Liverpoo1) who poInted out 

tne great danger of fa~si—
fying the results because of minute traces of impurities
containing labile hydrogen.

Dec ompos iti on of Water by IonIzing RadIations

As would be expected , consideration of the
mechanism of the de c o m p o s i t i o n  of water  by i o n I z i n g  radia-
t ions  led to  a l ive ly  and inconclusive d i scussion . A.O.
Allen (Brookhaven) reviewed a great body of work done at
various A~C laboratories in the U.S. He favors the view
tha t the initial hydrogen yields at low dose rate s do not
depend on the composition of the solution . His reaction
mechanism involves the simultaneous decomposition of water
to molecular hydrogen and oxygen and to free hydrogen atoms
and hydroxyl radicals.

M. Haissinshy (Paris) reviewed arguments previous ly
put forward , to justify the hypothesis that molecular hydro-
gen in the rad~ ochemica1 transformations in wa ter is formed
mostly through an elementary process of the type: H 0 + e —

~~~~~~~~~

+ 0 (cf. ESN, 5, 298 (1951)). Magat presented s~me
semi—quantitative theoretical arguments to indicate that
this reaction is about as favorable as the more convention-
ally accepted one yielding a hydrogen atom and a hydroxy l
radical. His considerations involve the approach of an
electron to a water molecule perpendicular to the imaginary
H—-—H line putting it in a position where the formation of’
a H—H bond is sterically favored. The experimenta l results
presented by P. Bonet—Maury (Paris) do not favor the above
mechanism, however, as the quantity of hydrogen gas formed
is too low. A.G. Maddock (Cambridge) suggested tha t the
reaction H,Or’~’~~ ZH+O may be an important one in caseswhere low ?~ydrogen yield is observed.

F o r m a t i o n  and Decomp o s i t i o n  cf Hydrogen P e r o x i d e

Whi le  the photochemical  decompos i t ion  of’ hydrogen
perox i de yield s ~ydr oxy 1 racicals and eventua l ly water and
oxygen, small amounts of hydrogen are also formed when
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is decomposed by ionizing radiations .

The mechan i sm and k i n et i c s  of the ga~i-sa ray
induced decomposition proposed by E.f. H a r t  (Ar gonne
L a b o r a t o r i e s )  were d i s pu t c d  by several :;eakers. :~~~t
repor ted on a large nussber of experiments usir.~g Cc~~ asthe g az=a source , dosage r a se s  of ( O. C~~ to  ~~~~~ X
10Z0 e.v . absc r~~ed/L . n i n . ,  ~~~~ c o n : e a s r a t i c r~s of O.OOô
to  200 m i l l im o l a r .  The deco~ p b s i t i or~ v a r i e d  as the square
roo t of H 0 concentration and the inverse square root
of the do~a~e rate. The terreolecular reaction :

2H02 + 1-I
~
0
~ 

= 

~~2~Z +

was proposed as the termination step.

Recent experiments of Dainton (Leeds) contra-
dict these conclus i ons and indicate that the decom;)osi—
tion of I-L

~
0
~ 

depends on the first power of Its concentration .

~~1DATI 0N OF I RON

J.A. B ardo l le  and J. Benar d of the L a b o r a t o i re
de Chimie  App1i qu~e, Univers i t~ de Par i s , are s tudy ing
the mechanism of the ox ida t ion  of i ron . Their exper iments
have shown the nature of nuc lea t ion  and growth of the oxide
and its orientation .

Metal log raph ic  exam~ nat 1on of I ron  specimens
exposed to air at lO’~ to l0~~ mm ~~~ssur~ .i’or hour s
at a temperatur e of 850’~~ showed the a x j 5 5 ~~r.Ce of oxjdc
nuclei of crystalline form rather than a general layer.
The s ize and number of nuclei vary w i t h  th o  or i e n t a t i o n
of the iron grains , and the fewer the nuclei the l.~r gor
the s ize  for  a given t reatment.  It  was a lso  seen that
there is an o r i e n t a t i o n  r e l a t i o n s h i p  between the o x i d e
rnlcrocrystals and the metal, which is now being determined
by X—ray diffraction .

Similar experiments at the same temperatur e,
but at sligh tly higher pressures (0.1 mm) have also been
conducted,  in one hour many n u c l e i  are formed and in
nine hours the oxide forms a coza?lete layer wi th a serrated
surface. The thickness of the layer aepends upon th~orientation of the meta l grain and Lauc back reflectio n
pictures show that the oxide grains have fiber axes.
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On thc othor haa~1, at  0 .1 ~~~ anu 75000 , ~~~ o,~id~ s~ r face
is s:~ioo th and c o n t i n u o u s  .tn’.~ r than ~~~‘ r a t ;~c .  ‘<— r;-..y
oi I’ I r a ~~t i o f l  s t udy  has sao.n~ tha t In t n i s  case s i a g~ c
cr y s t a l s  o~ oxiac ex ist on each ot’ th L. :~etel ~ra~ n s .  The
grai~~~~oui~da:ics 01’ the o x i d e  c o in c i d e  d i t h  tao n ’ ai n
~o un d a r i c s  o:’ th e m e t a l  p r o v i d e~ thc r~ is no c i s 3~ a cc:~cnt
o~ tac ~att~ r dur ~-~~~o i~ a~ 1On . CorLsi.~~raDle ~~ r~~s
jean on~ on ~~~~ lu ~ n ~. oi s~ec~al t~.c 1 L n.. o~
sp e c i n o n p r e p a r a t i o n  to  • r~ v c n t  g r a i n  b o r ~du ry  i~i g r a t i o n
and o~~t a in  a suitable initi a l sur i~acc. This  t eccmique
involves ~secha :;ical and e~~ctr o1yt~c poli shing, hydrogen
t r e a t a e n t , and fina l ly vacuum a nn e a l in g .  Tht ~n v e s t i —
gators are prepari ng papers on this techni que as well as
t h e i r  r e s u l t s  on the oxIdation of i ron  for  publication
in the Revue de ;.~etallur~ ie.

Dr. P. Lacembe of the Laborstoire de Chimie
A~p1iqu~e, Ur i v e r s lt d  ~e Paria , is conducting an investi-g a t i o n  to  d e t e rm i n e  whe ther the n a t u r e  of grain b oundaries
differs in recrys talli zed and as—solidifi ed metal. Pre—
l i a i n a r y  r e s u l ts  on 99.99 per cent aluminum wi th a tech-
nique capable of detectin g small differences in grain
boundary energy  have shown no d i f f e r e n c e .

A p la t e  specimen of coarse g ra ir i ed , recrystal-
lized aluriinum was heated at one end so that half of the
speci: :~cn was melted. Under controlled sol idification ,
colu~.unar crystals formed which  were nuc lea ted  by the un—
melted gra~ ns at ~he soUd— l~ qu~ d ~nterIace. The entire
spec i .~ten c o n s ist i n g  of recrys t a l l iz e d  and u as_ cas tt ?  grains
was sub jected to an e tchant which preferenti ally attacked
the grain boundaries. The extent of in t er g r a n u l a r  a t t a c k
was the san e in the r~ crystal1ized and as— solidified portions,
which indicates qualitative ly tha t the grain boundaries
do not dif~er in the two s t ruc tures .  The t echn ique  used
is quite sensitive to differences in g r a i n  aoundary  energy.
LaCO.~hC has previous ly shown the difference in the amount
of grain boundary a t t ack  depending  upon the relative
Orientations of the crystals (Coznpte Rendus, 226 , 498 (1948)),

NODULAR IRON

One of the problems in producing nodular Cast
iron Is tha t the agent added to the melt is not always
successful in producing graphi te nodules. Present practice
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is to p ut  th e  ~ d U i L i V C  a c . .14 .:d ~r u ~ ~~~~ ‘.‘inich s~ nhs

~o ~~ b o t t e n  c~ ’ ~hc ..~ it .na t . u ~. ~~~~~ t..~ ~~~~ng
to taha ~~~~ ~.ce ~::thin the ~ a t .  ~‘h-~r~ les s .~

‘. 1 be
~~~~~~~~~~~~ ~ae ::~~~~~an~~sn Ot  ~~~~ a te  ~~~~~~~~~~ C~

is not ~- ali u n s e n t  t a o s  an~i i s a t y l i c a l  c n ~ te rc~ a1 2 l an t
su c c e sr f u l  c . . t t~ n s a r c  r e du c e d  o n l i  n D s a t  na~ i
t i n .’. ~. E~i d i e i ’ ~.1’ t a t  L a n o r a t e l n e  c~~a o .d r es , ~l~~u cnamp ,
;‘r a jcc , has sc ’.re  opec  a t ccaa~ c~ue ra~ en t au. ~ ar ~.as
su cceeccu  i n every  t r i a ~ In pr~~~u c :ri~ n o c iu la r  i ro n .

hu e  ici’ hs~ usee powL.~er an ~~~~~ t s  cons  i s  t n g  of
~0 ~er cent iron an~ 10 per ecnt o~ ~~~~~~~~~~~~~~~ calci uo
cu t o c t i C .  ~ac S u U i t i O f l  is  ~saee in tne i uc~ e wnerc tr.e
sr~ quc t siru~s ana sInce ~ne a~ ent is 1nt1u3.~ e~y nlxecm
with iron poweor , solution occurs a a con ~rol led ra ~c
with good efficiency. 

.._~~ ‘ - - ~~ ‘‘~~~I TALI~ . ~~~~~~~~ .
~~~~

. 
~~~

. .~ ~~~~~~~~~~~~~~ ~~~~~~~~

Worh on n o n —  i n c ur  p: o.~ ~~~ in  tn e  tac  cry of
~ i i h e r e nt i a l  and r e l a t e d  f u i .ct i on a l  e qu a t i on s  ~s eu r r::~tiy
n e i n g  done a t  the ~n~ v er st :t I e s  ot 2~ v i a , r i oren ce , ane
olog na, as w c i l a s  the ?o l i t e c n ic o  d i  : . i i l ano .  ~;h i l e  at

Pav~a the subJect happens to be a personal interest of
one of the ::athe:oatic inns on tnc :ee’t~.ty, ~t constltutcs
a sys tema tically ~os tereo reseuren activi ~ y in :nc ma~ nc—
rsa t~ cs depar tments 01 zne other tarec :naz~~tut~ ons. Th is
deve l opmen t Is no tewor thy beca use th e :ra di :i onaUy in-
tens ive preoccupation of Italian ma t nematics with clas~ i—
ca l infinitesima l analysis provides a fertile ground for
the growth of research activities on problems in the more
recent theory of non-linear phenomena.

University of boloQna

Research on non—linear differ ential equations
is carried on at the ~athematics Institute under Professor
. Gr~ ffi whose principal interests lie in the field of

theoretical electronics where ho was originally i~ d to
t:-~ consideration ci’ such pr oblem~. One of these problem s
concerns the oscillations of electric circuits which con-
tain non—linear elements. ~

‘ol low1ng up earlier work on
a single such circuit , Professor Graffi is now investigating
coupled systems obeying equations ci the form

+ :.ii2” + G
1
(1

1
)  i

~~
’ + 

~
:•
~ 

f 1( i . , i 2 ) = 0,

L2121’ + + G2(i 2) i2’ + .).... f2(1 11 i2) = 0,
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bcunas are sou~ ht on t~ o cC~j u C n c  i e t  of t . .~ ~o . s  I Ic j o I n t
os c i l i st ~~enc of these  c i r c u i t s  i n  t e r ;~ia of the  g r e s u e n c i e s
a t  w h i ch  the  linear syi, se.., ( i 

~~~
, 17 ) i 1, i’.,~ , i.,; - .:~

and 3 1 =C :~~~0, w i l l  o s c i l l at e . The :ao tn c .d eH p . t y o ~ for
t~~I S  p u n p O .~C e ms i s  es ess entially in  aV~. n 3 g i n g  ~~~r a u :r. of
1 1  times the first plus i2 time-s the  sec~ nd c~ uut ion over

~~ p c r i o d , and in t r o d u c i n g  ~‘our i er devo i op mk. . . t s  _“j r t h e
unhno wn fu n c  t i o n s  i n t o  e s t im a t e s  e c n i v e d  fr ~~a the r~~s u i t —
ing  re  l at ~ on. Wor k p r e s en t e a  to tne :.on -.~~n~;ar  usOt i
t i on s  Symposium at P or q u cr o l l e  las t ~ c p t a m o e r  i’or t ao case
~‘, ( i ~~, l 2 )~~~~ i 1, f 2 (1 1, 19 ) = i

~ 
(See TechnIcal  Repor t

:: :RL— l ~~~— 5 l )  has s ince  been extended to  a m a r t  gen e ra l  c lass
of f u n c t i o n s  and f 2 .

Anothe r nove l t echn~ çuc , r e l a t in :  to  u n iqu en e s s
p r o o f s , has i t s  on gin in s tudies c o n c e rn i ng  she theom’y of
sys tems exn : a~~t :ng  U n e n e d l t o r y r pncnoneno  in  the sense
t r . at  t he i r  acnnv ~ or ceper4ds n o t  only ext the /~~~~~~~~~~~~~~ t st a t e
of the d e t e rm i n i n g  q u a nt i t i e s  bu t  a l so  on s n e i x ’  past  h i s t o r y.
~ numoer of caara cse r~~s t i C  examples w or e  e x a m i n e d  where the
gove rn ing  e q u a t i o n s  t u r n  out to  be l i n e a r  ones of i n t e g r o —
ai f e r en t i a l  type , and ~t was s ound tha t tne  u n i q u e n e s s  of
a s o l u t i o n  for  ap p r o p r i a t e  i n i t i a l  ( and boundary ) c o n d i t i o n s
could  be e s t a b l i s he d  by p r o v i n g  a r e l a t i o n  of the f o r m

A ES , - = c.~ A - S~~ d~~~
fo? an e x p re s s i o n  A ~s3 wh ich  is never n e g a t i v e  and van i shes
i f  and 0n Iy  i f  the q u a n t i t y  S on which  i t  depends does the
sane . The competing solutions have been denoted ~y S an d

so that Initially A CS 1 — S~~ 0. It suffices
ascerta~ rL the va lidi ty of such ~~relation for all
0< t ~

—. T where c may now depend on T. Succe~ s1ve repeti-
tion of the argument for the intervals nT~~ t ~ (n+l)T,
(n = 0,1,...) will tuen complete the uniqueness proof.

This l a s t  po in t  hes enab l ed  Gra i’fi  to  es t a b l i sh
by this method the un i que ness of the s o l u t ion  for  a za od i—
fled form a:’ the three dimcnsion3l flow equations for a
p e r f e c t  co m p r e s s i b l e  f l u i d  i f  the f l o ~•: is vr e~ c r ib e d
i n i t I a l l y  and i ts  n orm a l ve l o c i t y  c omponent i s  to v a n i s h
at all times an the ~oundary of the fi .~;; region , assumed
to be finite . The modific ation consist~ in ci i’c o ing  from
the continu i ty equation ,~~~ + i?.grad ~~~~~~~~~~~~ 0,
the term u . 9rad/~~(,,O= ~ens ity,  i ?=  ve l o cIt y  v e c t o r ) .
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h’.’ s i c a l i y  t i s  ~~, antt 50 sc:’Ibin~ itcor— inc~~~~r_ s..1—
50 t~ e i v i d u . i  ~ i~~Ic1 ert~ ci:s, to cal v . n i a s i c n s

,cnc i ty c~~n~; es5cn ti~~lly cue t~ ~~ sue c..sivc arrIva l
e.’ ;s,’ t i c l m 5  of U c f o : e n t  dens ities;—— thu~ sac occurrence
of sh ock wave s i s , ot’ course , avol det.

The sam e procedure has recently beta aapi c~
successfully cy r. R. h a r d i n i , P r o f e s s or  Cr~J f ’ s assist—

5 , t o  sa c ny c i ’ o— nagnc  t o c y n n o :c  ecuo t t  a:. : of  A~.fv cn  u n e r e
u”a;Ls •.  t~ e .oae a e t i c  f 01d •~~~~~~C t

5~~ C D C~~~~ i VC~~. inlti ~~l~y
t~h: Ic Sac n o r m a t c on u o n e n t  0~ as wOil as oo
co:.~po:.cn t of ~.

‘van :sn at a~~i t t n e s on tao a. t a t a r ie s .  S
was possi ale ifl tht s case to estImat e ta:. space ~nse gra~ s
of she squares m a g n i t s - s o s  of t h e t e  two v e c t o r s  by l i n ear
combinations of sac corresponaisug time titte- ~rals .

Also in  c o nn e c t I on  V / t t I ~ eX is textea pnoa~ ems tao
s tudy of nereci t~.ry anenonena net sug.~es set a proceaure;h ch can be t r a c e d  back to am ~dc a of T o m n e i l i ’ s on the
solut : an of functiona l equation s end wh i c h  ha s  r e c e n t l y
L c e n e x t e n d e d  Dy N ar~~ini to a typo of oc’sation where a
:rCcao~ m :r .t e~~r a l  t r a n s t o r m  Is supp:emeoteo oy a suzzicier .~ ly
rc~ u l a r out  n o n — l i n e~a’ 5 u n C t i o n a~ 01 sac u n a now a s.  A lt n o ugh
n o t  oi :hb t rent i a l  c .u a t i o ms t h e m se l v e s , they a re  of a type
‘..s.:Ca ..~i : , at  cc encauntoree , e.g., tn tao theory 01 elastic

~od:es cxn~ b i t :n g  nys teresis etiec ts, if sac governing
ncl.~t :cns are cast into integral torn . i..~~~ so l~at icas  is
cons t ru e  ted cy an ap j s r o x ! ma t i  on p roces s  c o n t a i n i n ~ t he
o lenc ;.  t a 05 cotn  an i t e ra t :on  p r o c e d u r e  and a s topwise
i nt e : a’a t io u . ‘.V: t a Sac ra..:~c of the indepenoen t variable
o- .-cr wh c., tac s o l u t t o n  is t o Do d e f i x t e d  Q I V I d C d  t a t o  a
lar .c nun -ar of sn a i l  s u b in t c r v a l s ,  the ~ th  approx t a e t i o n
is O~~~t 5 I n e C  by iteratio n fron the (n_l)st eppr ox ima t - a
on the se ~acn t  consisti ng of the (n—i) fir st sub ints~~-’uls.
At tac sa~ e t i m e  it c o n s t t t u t e s  a f i r s t  a p r o x i m a t i o n
on the  n~~ s u b i n t e r v a l , w h i l e  it s relation to the s o l u t i o n
a:. t. l l  later subInt crv als cannot he ascertained . With

f i n e  su~ o i v i s io n s  the accuracy of approxi—
Ston cat; ta-es cc drIven to any 0es red size . ho appl i—
c-a S i a n  of t h i s  t e c h n i q u e  to hi ghe r — d i m e n s i o n a l  d om a i n s
has ;e e n  made as ye t .

:n i v e r s i ty  of ~ 1oren cc

The .ather .atics institute at Florence is under
the d :rectien of Professor Ci. Sar.sone, well kno~.rn as ex-
pert in the f i e l d  of’ Ord I nary  d i f f e r e n ti a l  e qu a t i o n s .
S t i m u l a t e d  by Gr a f f i ’ s eai’ i .~er wo~’k on the existence and
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thc eet t r : ; ,  ; n~~t~~on of p~ n i o e i C  s o i t t s o n ~ f o r e qu a t i o n s
of sac 1 or n

x~ + c  ( x )  x ’ + c 2 g ( x ) ~~~~0

~~. h a s  ~ttackcd t~ :s proalc :s for t h e  ctsc g(x) x from
the  follow ing vicIp oint: i-’irst he j~rovao  the~ L he has
two equa t i ons of th i s  type , di :fenimg only u~ ta r e g a r o
so the f u n c t i o n s  f ( x j  ap p e ar  t n ~ , in the ~~~~ a tern ama
:ossessinf each a singl e p e r i o d I c  solution , s;.c~s f~ ( x ) ~~~f2(X)
:;:p li ct for Sac corresponding C tosed trajecto: ~es ::-.
~.x,x’) plane Stat the first does not penetrate the interior
of the demat n bound ed  by Site secant . This fact is followe d
t S ac a e n i v a t l o n  of reasonably general sufficient candi—
t : o n s  f o r  s t ep  f u n c ti o n s  f ( x )  wit ch intu re n e  existence
of  at least one parioc ic solutIon of t h e  correspond i ng
different ial equation , supp lemented by ado itio nal ones

~;rh ch insure uniqueness of this solution. T h i s , in tur n,
sets tac stage for pr oving the existence , ar.c providi ng
a a et n o d  sor  th c  app rox ima te d e t e r m i n a t i o n  a.  p o r i o t I c
so l u ~.ions  in  a l l  t ao se  cases  where f ( x )  can cc approx :mated
frets acove and celow by step functions sat:siytmg these
c and : t I ons.

The q u e s t i o n  of e x t e n d i ng  th es e  r e s u l t s  to c q u a—
t :cr ;s  w: tn gene ra l  r e s t o r : n g  t e r m  g~ x ) i s  now a c i n g  a t t a cK e d
a l o n g  two ~n d ep e n c e nt  line s Lae f~ :s; of Snese  c on s i s~ s

a sys tematic study of ~hc so—cas~ cc ~‘cs:tooscopic motnod~or oDosea cy d i a o r s ± y  in c onn e c t i o n  ws tn sp~ c~~::c examples ,
wttr. tao a i m  of g i v i n :  ;t a r t g o r ou s ly  gcacr~~l founoation .
This method , in essence , locates p eriodic solut Ions by
d i s s o l v i n g  each trajectory in the phase piano into a se-
quenc e of P o I n t s  c o rr e s , cn d i n g  to e q u i d i s t a n t  epochs of
the in o e p a r i d e n t  var iabl e and using tr.csc point scquoaccs
to construct a new system of trajectortes -~ih i ch  reprc:~ents i m p l y  a smo ot hec  v e r s i o n  of the polygona l arcs consist—
in - , of tao line se c at s  connecting S :CCCSSIVC points. The
am idet. is that of ceri vin g the system of difi ’crentia l

ec u a t i o n s , sa t i s f i e d  ~y t h e se  new t r aj e ct e r i c s , w i t h o u t
0J er actaal~ y cons SC-eat iC.~ t..e ori~~:nul OnOS . Every o r i g i n a l
s o l u t i o n  w i t a  tr .e i ven  i n c r em e n t  as period is now max ’ked
by a singularity of tao rew system and its s t a b i l i t y  charac ter
by the type of the latter . This method is being f o l i o w e d
up by ~~~ 0. Castro of the Univers~ ty of ~adrid , currentlywork ing  as Proi’essor Sansone ’ s a s s i s t a n t  at ~‘lorence .
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The ~~~ C C  . . ‘ o .~o i s  i t . she h a n d s  of Lr .  R.
C~ aLi wee :s . v e tt i e t : n g  Sac i. .~:ilc atIens in t h I s
conte xt OS ’ a recent ~ussiafl paper g i v s n , s u f fi c i e n t  con—
ditio ns for the existence of pei’:otic solutions in terms
of the behavior of f(x) when consicered as function of
the variables

21 =~~~ g(
~~~) d~ 

for x~~.O,

)o

( 

g(~~~) o3  fo~’ x~~~0,

0

I- ’ a t - .~~ ’ ~~~~~~~~~ s~ ~~s r . t i  c sr.eer: .  s~~::a:
:~;n’tIal cI fferc ~;.’.ia e q u at I o n s  ~r. two i n e e p e n e e n s  v ar i -
ables of mixe d t ype , especially the problem of existence
and un iqueness  of the s o l u t i o n s  when the i n i t i a l  d a ta
are given a long the curve s e p a r a t i n g  hype : ’col ic  fr om
elliptic regions (parabolic curve). Non— linear ities in
th e d i f f e r e n t i a l  e q u a t i o n  are p e r m I t t e d  p rov ided  they
co not a f f e c t  the hig1-~est  order a e r iv a t i v e s  or t h e i r
c o e ff i c i e n t s .  11’ t h I s  p a r a b o l i c  curve possesses  a doub le
point with distinc t tangents , ther~ the evident smooth-
ness conditions , together with the :equir~~seat t h a t  the
s o l u t i o n  is to v an i s h  at tha t  double  p o i n t  in  s u f f i c i e n t l y
h i g h  order , were found s u f f i c i e n t  to  g ua ra n t e e  ex i s t e n c e
and un iqueness  of the s o l u t i o n.  In  the s im p l e r  case
of a p a r a b o l i c  curve which has bu t  a s i n g l e  b r anch ,
s i m i l a r  i n v e s t ig a t i o n s  led t o  a proof  of the fact  t h a t
the s t r e am  f u n c t i o n  of a p e r f e c t  coapre~ s i b le  f l ow  is
u n i q u e l y  de te rmined  in  the hodograph plane by i t s  values
on the sonic c i r c l e  (Ann . mat .  pura  ed appi .  32 , 235—243
( 1951)). —
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? o l i t ~ :~- i  .~ d i  :~

~~~~~. ~:~— l i ~ . s a r  ; : o . _ I L ..s i s  . e i ng  c o n—

d u c t e d  by P r e i ’~ssc- : 5.  . - . ~~iL ) w,~~ ~~ ~~ L~ ll U
’..~~~~~L fl~~

v i . -_ y  re~)ortLT d i : . v t~~~~ t i c- .~s . :-; c , 2~~i ~ l t - o l ) )  on
the  loca ’  s t r u c t u re  C tee man: _ olo a: so~ut~ ons It.
:r n c s c — t i t e  space .  E ea~~it e~ ~m p a r t x e s i : r  w i t :~ Sac forced
e s ci l i a t i o z i s of a p e n d u l u m

x ’~ -+~~~~x ’ + s l n x = Ø ( t )

he as s u e c cc d ce  ~n c i a r a c  t ot  i s h - g  th e  sa t  f a c c  i n  ( x ,x ’ , t~ —
space which separ a tea  . ounc.ec f r o m  unbounded  s o l u t i o n s , ——
th e  l a t t e r  c c r r e s p o c di n ~ t o  cases  w h e t e  t~,a p e n d u l u m

ccs ove r toe  top . m I s  su r :ec e :- a of
pLr :ooic oc lut ien s aav n g  saae l~~— p o : nt  I~~ s-~ C ~ms~ .~~.1:ty
i t .  Sac se nse tact taraugt. ~acm toere pass sxaet ~~y two d~ s—

~i:ct pcr :odic integra l surfaces of the parti al d i f f er e n -
t i a l  equaticn wh i c a  has the  phase  t r a~~e c tc r i ~~s of SPe
:;c::du1~~ j cquat~ on as c~ aract~ ris t~ cs. In otbut cases where
S i n e  docs not  occur explIcitly in tee cc m uatio..s , a s ael e

H l i m i t  cyc le  in  the phase p lane  g ive s  r i s e  ~n
space to  a r i g a t  cy l i o ac-r w i t h  ge n e r at o r s  pa r e~~le l  to t h e
t i m e  a x i s  t h r o u g h  th i s  cycle .  Tr a~ c cs o r i e s  w . i o h  it. the
ph ase  p la ne approach the lImit cycle  w i l l  i f  :‘m - r c s cn t e d
in  (x ,x ’ ,t ) —  spac e appe ar  to  wind  th e mse lv e s  a sy m p t o t i c ai ly
o n t o  t h i s  c y l i n der , and Puscr ia  has d e t e r m i n e d  the su r f ace
g en er a t ed  by a l l  thos e which  u l t i m a t e l y  approach a given
one of the t r a j e c t o r i e s  cm the c y l i n d e r.

P r o f e s s o r  ~.m c r i o ’ s as s i s t a n t , br .  Giovann i  Prod i ,
has s t u d i e d  th e s o lu t i o n s  of

u~~ U. + f (x ,t ,u ,u~~)

it. tao oal :—stt ip 0 -
~ x 1, 0 ~ t, w Sit civ ~ n u ( 0 , t )

~~: ( t ) ,  u (,tj Ø~~t - . under r eason  .b ly  g o r a l  sm o o t h —
t e a s  c o r . di t :c n s  h~ r n .  sao~.’n ~n at  ~s pr oblem eas a
S o l ut i a r .  wc~~ci ,  i s  ~er .c-dic in  t , nr~~v i c i e d  th a t f as a
f un c t i o n  : t , as well so 01 and Ø~, arc th~esclves :~cr i odic
w it : .  t , c  same p e r i a c .  ~ s :m~ i c r  t a e or e r .  h o le s  ~f the

~ l 5~~.. L  per .~~Q i c  w~ tt. g i v en  per:od is rep laced by
S . a:c~ 5;. .r c pi’oo: for tac ex~s t eece o: such

Sola ti c-e :5 :.sce :. tee ~c..au .e r— L e r ey  m , ; t h - h  ama t h e r e —
ore r.~n- — c o n s t :u-~ t i v e . :u tu r c  worn  WI ~l cuncern ~ tsc ~fon the ~~..e ~~~~~ . 1  t ; . the ~sv; pLot~c e~~r~ ae.. of a solut ion

w ith I v a r .  i . . : t . a l  sis:r.. tstm on, u~x,O) = g ( x )  f~ r 0 ‘~~ ~~ 1,
t ew a r u s  per. ocic seaav~ er and a.’. the oth~.: ..~na ‘~~ ~ th  the
exter.siun of these results to several space
Pre 7~ r a t o r y  to t h i s  l a t t e r  att~ r p t , ~~ssr.O iI. ~~ei:

’ .a
stuc ~~in g  t l~e 1jre ~~ ~ i f f u s . l o n  ~~C u a t ~~Cn it. s~.VeC ~~l L t k :t 1a1
varleoles ior i~~~~~iai d omains ..uvAflg corn ers cm Li.ci r
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l oanacr ~ cs .  The aL at’ t h i s  i r . v c s t i q t m t i o n  is  t o  ascertain
t h e  b eh a v i o r  of t. .e h i 5aer  cier:Va Lvcs of Sac solut :on
in tee ac: e h b o r h o o d  of t he  tir.e—p ~.rel ici lines throu~ h
these careers. PartIcular at tea t ion is b c i e g  g i ven to
cases Wi~~CtC tao coundary cona:s:ons arc. o~ mixed type,
the so lu t ~~Ofl i t s e l t  a c in g  pr eacrisuzi er. some, it s  norcia l
derivative on o ther  faces  of the aour tu a ry .

U n i v e r s i t y  c±~ P av i a

:-:ere ?ro:’essor ~.ar ia Cinquini C i b r a r l o  is con-
tinuing her study of the general Sno oty of  ch~a’acLeris tics
for non—linear partial differential equations of hype- roollc
type In two independent variables , ~n earlier papers she
055 a n ti c i p a t e d  s ome 01 the r e s ul t s obtaincu sy R. uouran~
and P. ~ax (Comrnun:cations on Pure ama Apphed :.atncmatics
2, 275—292 ( i 9 ~l~~) )  in their t r e a t m e n t  of the Cauchy pr oblem
?cr q u a s i — l I n e a r  sys tem s of t h i s  type . In the  m ea n t im e
?rofessor Ciquin i Cibra rio has e x t en d e d  her i r .v e s tig at i on s
to problems of the Goursat type, where the solution is re-
quired to contaIn a given characteristic strip and to
sat isfy on an intersecting , non—characteristic curve a
subsidiary linear relation .

This generalization was first carried thr ough
for cases equivalent to a hyperbolic sys tem of first order
qu a s i l i n e a r  equa t i ons  where the subsidiary condition , satis—
ficd along the additional curve, is a l inear r e l at Ion be-
tween the dependent variables , the coefficients being
functions of the independent ones (Ann. Scoula Norm. Sup.
di Pisa, Ser. I l l , 3, 161—19? (l9~l~~)). Quitc recently existenc e
and uniqueness of the solution have been established by
her in She case of a s i n g l e  n o n — l i n e a r  egua t ion  of a r b it r a r y
or der and hyperbolic  type

F (Xj~Y~P~ ~ ) = 0,

where 2r ,s ~~~
r+sZ/? r x ~~

5y~ 0 r + $ a

and Pn~~ _P n i
•j
Q n l  + .•. + ( ...1) fl p

o 0

P~ =~ F/aP1,~ _i ~ 0, 1, ... , n
has real. distinc t roots thr ouqhou t the range on which the

have to  be cons idercu. ‘i’he ~a t e Cr c l  is r e q u I r e d  to pass
tY~rough a given characteristic strip and satisfy on the
other curve a linear relation in it s d0rivatives up to
or der n.



~h~ TFCTI\E ;~CTl.)h k. ” 
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At the  F a r a d a y  hoclety biscussiOn Ce ~ a t i ~~t i on

~ h m ; i s t r y ,  summe r lzcd on p age 126 of this ~~~~~~~ . r o f e s so r
z.:~. ~-ac~ ( L ~ o g c )  r ep o r t e a  on s ome r e c e n t  e xp er : ;m ..nss  on
p r o t e c t i o n  against ioniaing radiation . ec has found tha t
many a l ip h a t i c  and a r o m a t i c  am in e s  have a larcc protective
action against radiations but the beat compound tested
thus far is HS—CH2~~H2—NH~. 

Thtee m ill Igrams of t h I s
c omp oun d i n j e c t e d  i n t o  mite enab l ed  97 out of 100 mice to
surv ive  i r r a d i at i o n s  of n o rm a l l y  l et h a l  doses of 7G0
r o cnt g c n s . In ano ther  l a b o r a t ory  a l l  s ix  exposed  miCe  were
able  to  su rv ive  exposure  to  950 r o e nt g cm s .  P r e l i m i n a r y
experiments with a similar comp ound, ,—CH7—C: —S-S—C -~2—NFi2,
indicate tha t its protect .ive action rni~ ht b~f even be tter
than the above.

Both of these c omp ounds are nan—toxic ar,d would
be suitable for human use according to Peofessor dacq. mow—
ever , in order for them tob e effective they must be In-
j ected p r i o r  to exposure s ince both  a.’e e n t i r e l y  i nac t ive
if inj e c t e d  a f t e r  i r r a di a t i o n .  I t  woo s ug ge st e d  by
Professor  Eac q tha t a p o s s i b l e  mechan i sm for  th e  protective
act ion  of these compounds might be the deactivatIon of
the f r e e  r a d i c al s  produced in the body by the radiations .

BP~ IN WAVES IN ~ ENIN00 -ENC EPHA LITI S

At the Facul ty  of ded i c ine , Un i v e r s i t y  of M o n t pe l l ie r ,
Dr .  P i e r re  Pas souant  is mak ing  an i n t en s i v e  study of changes
tha t occur in b r a i n  wave s in cases of t u b e r c u l a r  s .cni ng o—
e n c e p h a l i t i s , by compar ing  the e l ec t ro c nc~.p h a l c g r a p h i c  t races
recorded in the waking s t a t e  and du r I n g  the s l eep  of the
patient. It is well known tha t the ~EC tracc~ ear in~j spon-
taneous sleep in a norma l subject are cha racterizcd by
three successIve s tages :  ( 1)  p r o g r e s s iv e  m’educ t i o m  of
alpha waves; ( 2 )  the appearanc e of ~‘spind 1es~’ at  Ir .t cr v a l s
of 14 cps; (3)  the onset of d e l t a  v.’aves. in  ca9es  of
tube rcu la r  m en i n g o — e n c e p h a l i t i s , th i s p a t t o r r .  is  gr e.~t l y
a l t e r e d .  Pr i or to  s leep the EE& t races  are sl ow , diffuse
waves s i m i l a r  to  those recorded fr om a n o r m a l  ~ub j cc t
du r ing  deep sleep. While the p a t i e n t  Is falling asleep,
gaps appear  between the wave t r a ins , and in deep s leep
surges of 5 to  6 cps i n t e r r u p t  the d e l t a  and s ub — d e lt a
rhytnms . These m o d i f i c a t i o n s  of the EEG t races  p rognos t i ca t e
death  w i t h in  a month in 90 per cent of the ce~ es. In
thos e cases w h i c h  impr ove under the a d i c i n ls tr a t i on  of
s t r ep tomyc in , the norma l p a t t er n  d u r i n g  sleep  ~r adu ai1y
reappears .
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The Thir d international 
~pCct~’oscopy ColiO uI~~will be held In London, Sept . 1 — ~i , 1i52. The Coiloqulumis sponsored jointly by the Institu te of Physics and theIndustrial Spectroscopy Group . ~c5sions will be bela or.spectroscopic lIght sources , emission spectroscc,nj, rulingof diffraction gratin~js, and absorption sp ec t rosco~y.

Further information and enrollment forms may beobtaine d from ?~r. E. van Someren, ~7 Belgrave Square,London , S.W. 1.

Prepared by the S c ie nt i ~’j c S taff
Submi t t ed  by Dr.  ~.E. E~el1

S c i e n t i f ic  1~irector

/6L-’~~ j~~ ( ~fL~Capta ii1~, USN -

A ss i s tan t  Nava l At tache  for  Research
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