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R~~ ENT RESUL TS FROM NUCLEAR EMULSION W ORK AT BRI STOL

Among the recent research results obtained by the
• cosmic ray group under the direction of Prof. C. F. Powell

at the H. H. Wills Physical Laboratory, Br isto l , is the find—
ing of’ an exc i ted heavy nuclear fragment of atomic number
z~~~3 which decays into two particles , namely a negative ii
meson and a nuclear recoi l fragment. The observations are
shown schematically In the following figure.

H
Although disintegration of heav i er nuclear fragments has been
observe d before , this Is the first case In which the disinte-
gration is so simple , yielding a ir meson and a recoil frag-
ment. The length of the heavy track is only 30 microns and
i t makes a 300 ang le of dip with the surfac e of the emulsion
so tha t  the meas uremen ts on the atom ic number of the pa r t icle
are difficult. All that can be said is tha t z~~~3 al though
it Is mos t pr obably 7 or 8. The ener gy of the ir meson Is
33.5 Mev and it pr oduces a star at the end of its track.
Since the Q of the A° is 37 Mev, one can conclu de that the
binding ener gy of the A° in the nuc lear fragment is<ll Mev.
If there are any gamma rays emitted in the disintegration ,
this limi t on the binding energy would be reduced. This work
has been done by Doc tors M. W. Friedlander , N.G.K. Menon, and
others.
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These same Investigator s have also made measurements

on a group of two-prong star s observe d in stripped photo-
graph ic emu1’~i ons . In each event the outgoing particles are
identified as a proton and a negative ir meson, and the as—
sump tion Is made that these events represent the decay in
f l i ght of a neu t r a l  hyper on accor di ng to the scheme

Ao -

—ITT + p + Q .

Under these assumptions they obtain a wei ghted mean Q value
of 36.92 ± 0.22 Mev . This yields a mass for theA° particle
of 2181 ± 1 me.

Another interesting event which has been examined by
these same investigator s is one which can apparently only be
Interprete d satisfactor i ly as a K meson—electr on decay. In
this event the K meson is observed to come to res t and emit a
lightly ionizing particle. Mass measurements on the K meson
by photome tr ic and range me thod yield a va1u~ of
1050 ± 100 me. The secondary, however , has a p~ of 90 Mev
and a ratio of grain dens i ty to plateau grain dens i ty o~

’ 1.0.
The point corresponding to this combination of va lues is
located at a point 2.5” from the linear extrapolation from

• the ~ meson curve on the g versus p~ diagram . In addition ,
• this lightly Ionizing particle , af ter a c ons ide ra b le di s tance,

apparently undergoes an angular deviation of’ some 150 a f t e r
which it can be identif led as a relatively slow electron .
The mos t reasonable assumption which is compatible with these
data is that the secondary particle is a fast electr on which
later undergoes a Bremstrahlung deviation where it loses most
of its energy. The pr obability that this Is the decay in
f l ight of a ~~. meson would be 4 x io~~; in addition , this as—surnption would contradict the measurements on the p~ and ion i-
zation . It is pr obable that this me thod of decay of the K
meson is qui te infrequent although It might have a pr obabili—

• ty as h i g h  as 10 per cent and th i s woul d s t i l l  be c ons istent
wi th present  observat ion .

S ome of the work repor ted in a prev ious I ssue ,
ESN 8, 134 (1954), has been continued. The work by Wadding-
ton, Yas in, and others on slow particles emitted from stars ,
has been extended to Inc lude 3500 particles. These particles
all have a ~~~ O.5 corresponding to g~

’ gr~eater than twiceminimum (corresponding to a proton :ange less than 10 cm).
Ten K mesons are included , 9 of which decay at rest and one
decays in flight. The energy of the K mesons observed so far
are 23, 94, 59, 24, 92, 59, and 90 Mev. it is interesting
that two hyperons have also been observed and that in each
case they ar ise in the same star as that in which a K meson
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origina ted . This may be considered to be evidence for re—
V action of the type it + N )K + Y. The total time of flight

of the K mesons is of the order of 10—0 sec and , as ment ioned
previ ously, one decay in a flight Is observed.

The work of Doc tors D. W. Perkins and P. Fowler on
• the mas s measur ement s of fas t par t icles or igi na ting in s tars

• has also been continued with the result that 120 partlci.es
can be I den tIf ied as pr otons and 4 have a mass about  1000 me.
Al so observe d were one hyperon , two part icles each of which
gives an Indicated mass of 2900, and also one tau meson which

• yields a mass value of 940 ± 50 mc. All the mass values are
• derived from measurements on the mean scatter ing angle and

• the grain density. There are now 16 particles in the puzzling
group a t  1490 me and th is  group seems to be definitely re-
solve d from the proton group at 1850 me. Most recently the

• work has emphasized checks on the method , in par ti cular  the
possibility of distortion in the emulsion has been checked by
~neasurcments on 6 iT mesons each yielding a very good fit on

• the curve to be expected from the pr oton results . The excel-
lent value for  the mass of the I dent if ied tau meson is al so a
good confirmation of the validIty of the method . It is felt

• that the piling up of’ additiona l statistics would not be of
,,~ great significanc e in this pr oblem but that it Is rather more

~ Impor tant to change the conditions of the measur ements. With
this in view, Perkins and Fowler are next going to expose
lar ge stacks of stripped emulsions wi th the expectation tha t
they w i l l  be ab le to s top some of t hese pa r t icles an d so

• coul d use the range as well as the blob densi ty and scatter-
ing measurements in the de termination of mass. These stacks
w i l l  c o n s i s t  of 40 emuls ions  600 microns thick and of area
10” x 12” . In these p la tes  they hope , therefore , to get
20 cm of path.  I t  is not expec ted tha t anyth ing  s t a r t l i n g
will occur at the end of’ the range of these pa rt i c l es  s ince
this would otherwise have been observed previous ly.

The first of these stacks was successfully exposed
on 7 July by a high altitude balloon over Britain which

I evoked interested comments on the BBC television and in the
press.

SEMICOND UC TOR CONFERENCE

An Internati onal Conference on Semiconductor s,
organ ized by the Netherlands Physical Society and suppor ted
by the internationa l Uni on of Pure and Applied Physics and
UNESCO , was held in Amsterdam , 29 June to 3 July. This
second internationa l conference in this field emphasized the
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rapid expansion of interest in this branch of physics over
the past few years. As compared to the previous meeting at
the University of Reading, Eng lan d , in July 1950, the pres-
ent conference was lar ger by a factor of two and a halt in
attendance and in the number of papers presented.

The meeting was charac terized not only by a wealth
of ma terial presented but by its variety. The greatest
amoun t of exper imenta l  work cont inues to be done on the co-
valent crystalline substances , german ium and si l icon, so
that now the knowledge of these ma terials is becoming de-
cisive . Considerable interest continues in the partially
ion ic crys ta l li ne ma ter ia ls , lead suiphide , lead se len ide
an d lead t e l lu r ide , par t ly  becaus e of the ir poss ibi l i t ies
as receiver s for  i n f r a r ed  spectroscopy. A growing interest
in the var i ous in t e rm e t a l li c  c omp ounds , besides  the group
I I I  — group V type , was eviden t and the a lmost  l i m i t l e s s
possibilities of ternary and qua ternary compounds was empha-

• sized. The interesting work at the Philips Eindhoven Labo-
rator ies with the oxidic system of perovskite crystal
structure given by the general f ormula

rL S lrM 3+ M~~~
1O

V L a i...~ V xJ L 
C
1 ,~ e

~

has been extended to Include Ti, Cr , Mn , Fe , and Co as the (.1
metallic atom Me. One of the general results is that the
fo l low ing sequence of decr easi ng preferenc e for the tetra-
valent state Is found , Ti - Mn — Cr — Fe.

At the General Electric Company, Ltd., a number of
new s~~ iconducting compounds of the substituted diamond $
type str ucture (e.g. chalcopyrite —CuFeS2) are being In—
vestigated for r e c t i f i e r  or t r a n s i s t o r  app l i ca t ions . For
example , good n— type high back voltage rectifying con tacts

• have been made on CuInSeZ and AgIn Se2 . Although the carri—
• er mobilit ies are rather low yet , it is probable tha t purl—
• f icatlon will Impr ove this considerably. Even organic sub—

stances are being investigated , as for example the work at
• the Services Electronics Research Laboratory, Baldock ,

Englan d, on solid solutions of certain condensed aromatic
hydrocarbons in anthracene and pyrene.

It was evident that most of the work w1~th micro-
wave technique s is still being done in the United States.
The Eur opean laboratories are de termining electrical ef—
fec ts mostly wi th measurements on magne to resistance , Hal l
effec t, conductivi ty, a~d photoc onductivi.ty. Of the rela—
t ive ly  new expe.r imenta l resu l t s  repor ted , men t ion  should be
made of recombination radiation measurements in german ium

1)
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by Dr. P. AIgra in at the Ecole Normale Superleur e in Paris ,
of i n t e re s t i n g  e x c e p t i o n a l l y  lar ge elec tr onic hea t  conduc-
tivity effects by Dr. G. Busch of the Physikalisches Institut
der El dgenossische Techn ische Hochschule , Zur ich , and of
minor i ty carrier extr action effec ts discovered by Dr. A. F.
G ibson of the Ra dar Research Establi shment , England. Carrier
extrac tion is found to be some twenty times moi~e effective inmodulating the carrier concen tration than carrier injection .

Much pr ogress has been made in the theoretical
deve lopmen t of band struc tures, especially f or the cubic
crys tals (d iamond, Ge , Si), and the introduction of warped
or non—sphero idal energy surfaces by Prof. C. Kittel of
Berkeley was of considerable interest. Dr. L. Pincher le of
R.R.E. repor ted considerable progress in this direction for
the more difficult case of polyatomic crystals (PbS ) using
the cellular appr oximation and variational techniques for
connecting the cells.

A more complete account of this Conference is being
prepared as a technical report.

PHYSICAL CHBMIS TRY RESEARCH AT ThE UNIVERS I T(~ OF LEEDS

Foll owing the re t i r ement  of Prof . F. Challenger  and
the appointment of Dr. B. Lythgoe as his successor, ther e
are now three professors of chemistry at the University of
Leeds heading independent depar tments. F. S. Dainton is
Professor of’ Physical Chemistry, E. ci. Cox of inor ganic
Chemistry, and Lythgoe of Organic Chemistry (ci’. ESN 5, 80
(1951)).

The main research a c t i v i t i e s  in the Physical
Chemistry Departmen t include work on radiation chemistry,

• electr on transfer reactions and the kinetics and thermo—
dynamics of polymerization reactions under Pr of . Dain ton

• and Doctors E. Collins on,. T. J. Hardwick and K. J. Iv~n.The polymer i zation thermodynamics program Includes some
interesting collabdrative work with Dr. F. E. Hoare of the
Depar tment oZ’ Physics on the de termination of’ the specific
heat of high polymers down to liquid hydrogen temperature.
Other studies include rapid reaction kinetics in the liquid
ph’ase (Dr. E. F. Caldin) and thermochemistry of mercury
compounds and other subs tances (Dr. A. S. Carson).

Dr. A. D. Walsh, Reader in physIcal Chemistry,
• continues his well—kn own researches in the fields of ultra—j  violet spec troscopy and combustion problems.
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S tr u c t u r a l _E f f c~~~s i n  the P o ly i n cr i z a t i o n  of Su b s t i t u t e d
Old ins

in continuing thcir sys tematic Investigations on the
kinetics and thermodynamics of’ the i n t e r p o l ym e r i z a t l on  of
ol cf in s  w i t h  s u l f u r  d i o x i d e , Pr of. F. S. Dainton and collabo-
rator s have o b t a i n e d  s t r o n g evidenc e tha t the polymers  formed
fror.i cis and trans butelle—Z respectively are not identical.
Thc c e i l i n g  t e m p e r a t u r e s  are 35•7 0 and 32.5°C under t he c on-
ditions emp loyed and it was shown tha t above about  25°C both
reaction s are accompanied by Isomerizatlon , the rate of which
Increases rapidly with temperature. Above the ceiling tern—
peratur e for polymerization the isomerization occurs rapidly,
but no isornerization takes place if sulfur dioxide Is absent
or , with It present , the system is not illumina ted (cf.

• Na tur e 172, 804 (1953)).

• it was recently observed tha t the heats of these
polymeriza tion reactions are abou t —19.2 and -20.1 Kcal/mole
for the cis and trans butene-2 respectively. Sinc e the hea ts
of solution of the ~wo isomers are identical wi thin exper i-
mental error , there appears to be a difference of over 2 Kcal
in the heat content of the resulting polymer per monomer unit
(the unit consists of {CHR — CHR —SO~]- ). Thus it seems
very pr obable tha t despite the fac t that isomerizat lon was
shown to occur rapidly under the conditions of these experi—
znent s, the polymers formed fr om the two iso:.~er ic monomers are
not i dentical. Detailed stereoc hemical considerati ons sug-
gested the possibility of frozen—in rotational isomers. No
difference was detecte d in their infra—red spec tra , h owever ,
and their study is made generally difficult by their very low
so iubility in all ordinary solvents .

in a closely related study the heat of interpolymer—
ization with sulfur dioxide of a series of’ substituted ole—
fins was i nvestigated ; the effec t of size and number of sub—
st ituents large ly agrees wi th expectations. The heat of V

• polymerization decreases slight ly in the series pr opylene,
1—buten e , 1—pentene ; the decrease is somewhat larger in the

V series 1-butene , Z—butene, isobutene , indicating increasing
ster ic hindrance .

The calorime tr ic technique used Is a convenient
development of the ice—calor ime ter using diphenyl ether as
the working fluid. The volume change of the olef in solution
is observed simultaneous ly and Is a measure of the degree of
p o l y m e r i z a t i o n . A tr ace of bu t ad i ene  is used as inhibitor
in these photochemically initiated reactions to provide a
convenient starting time for the calor ime tric measurements.

210
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R i n g - C h ain  Poiy incr I zati ons

in collaboration with Dr. P. A. Small (I.C.l. Plastics
D iv i s i on) ,  Pr of. Dainton has carried out a the oretical analysis
of the processes involve d in the formation of long chain poly-
mers from ring compounds; the conc lus i ons generally agree with
experimental Irnowledge and are stir l~ula ting new investigations.

Writing the pr ocess generall y as

(cHz )~~~ ~ (Cu 2 . . . .  CxHZ)n (c)

where (1) stands for liquid and (c) indicates glassy or
crys tal li ne , it is found tha t the mos t impor tant entropy change

• in the pr ocess is the “struc tural” one comprising changes in
shape , moments of inertia and symmetry. The thermodynamic
results indicate that in the case of cyclepar affins (of which
ethylene can be cons i dered as the first member of the series)
the first three should polymeri ze to long chains readily, while
the subsequent members pr obably undergo small positive or nega—

• tive free energy changes in the pr ocess. Detailed results
indicate that these ring—chain polymerizations associated with

• positive heats and • tr opies of polymerization , should show a
“f1oor~ t~rnperat ~ reverse analog of the ceiling tempera-
ture suggested • -~ton et al several years ago. A possible
wel l-known ex ich a temperatur e, below which polymer-
ization will • ~~r may be tha t in liquid sulfur which under-
goes extreme ~~~~~~~ at  l6O~t associated with 53 rings forming
very long polymer chains (cf. also Trans. Farad. Soc., 49, 441
(1953)).

Ferric i ons as Termina tij~g Agents in Polymer i zation

The polymerization of acrylamide was investigated
under a variety of c onditions and it was found tha t ferric i ons
can be impor tant as term inating agents; the solubi lity of the
polyme r in water makes this a convenient sys tem to study. The

• kinetic observations f o r  Y— and x-ray induced polymerization
and for the photochemically induced polymer i zation are in good
agreement and thus in this sys tem the hypothesis of non—uniform
radical distribution when ionizing radiations are used for
initiation is certainly not tenable (cf. General Discussion of
the Faraday Society No. 12, pp. 212, 273 , 277 (i~.)52)).

In the photochemical Initiation the well-known ferric—
ferr ous sys tem was us~~d; the essential independenc e of the rate
observed from the CFe~~~.a~~] c oncen t r a t i on  indicates tha t this
species is also a terminating agent. The following kinetic
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scheme is pr oposed :

Fe3’~
’ oW Fe2~ + OH

OH + m 1 ~—)m1~
mJ
* + m 1 

)
~mj’~j propagation

mf + Fe3~ OW—PFe
2
~ + rnjOH t e r m i n a t i o n

Zmf > m2,~ term inat i on

A d i l atorne tr i c  s tudy of the pho tochemica l ly  Induced
polymer ization of acylonitrile pr ovides fur ther evidence of
the chain terminating ability of ferric i ons. in the presence
of fluoride complexing ions the rate does not leve l off but
continues at its high initial value.

STUDIES OF HEARING

Dr. Hans Engstr~ m, Depar tment of Histology, Carol ine
Inst itute , Stockholm , has completed a number of studies using
elec tr on microscopy to examine sensory . and neural elements of
the normal cochlea of the guinea—pig. He has described many
new de tai ls of the struc ture of hair—cells , supporting cells , 

V V

and the endings of nerve fibers around the sensory cells.
V He is now turning his attention to investigation oF changes

which take place in cochleas damaged by disease , by dr ugs , or
by acoustic tr auma.

• - 
• Dr. Gunnar Hammer , Depar tment of Otolaryngology,

Un ivers i ty of Gbte bor g ,  Sweden, is also studying the finer
str uc tures of the cochlea thr ough the use of x—ray and ul tra-
violet microscopy . In experiments which  are only in a pre—

V liminary s tage , he has obtained results which indicate that
one of the first signs of damage in mild ac oustic trauma may
be changes in nerve cells of the spiral cochlear gang l ion .

In the Depar tment of Otolaryngology, R ikshosp i t a l ,
Oslo, under the direction of Prof . 0. Ophe im a new laboratory
for research in psycho-acoustics has been established.
Dr. Gor don Flottor p has primary responsibility for directing
the research activities of the laboratory. At the present
time work is underway on design of special auditory tests to
be used in the diagnosis of !vieniere’s disease.
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REDOX PU1~’iP FOR iON L~OVE~ EN T

Pr of. E. J. Conway of the D e p a r t m e n t  of B ioc h e m i s t r y ,
un i v e r s i t y  C ollege , D u b l i n , is s t u d y i n g  the movement  of in—
or ganic  Ions (Na t , K + , C 1 )  i n to  and out of frog sartorius
nuscle fibers. The movement of the i ons is f o l l ow e d  b o t h  by
d i r e c t c h e m i c a l  a n a l y s i s  and by u s i n g  r a d i o a c t i v e  t r a c e r s .
~casure inents  a re  a l s o  b e i n g  made ( under co ;aparab le  c o n d i t i o n s )
~f the r e s t i n g  p o t e n t i a l  of the n~uscl e f i b e r s  u s i n g  the tech-
nique of L ing  and G e r a r d .  The da ta  should  pr ovide va l ue s for
t~ c para m e ters  of e q u a t i o n s  deve loped  by Prof . C onway to de-
s c r i b e  the k i n e t i c s  and en erge  t i c s  of ion m ovements acros s

• cell barriers (Cf. ~. J. Conway, A Redox Pum p fo r  the Bio-
logical Performance of Osmotic Wor k and t.~ R e l a t i o n  to the
:~i ne t i c s  of Free Ion Diffusion Across  Liembrane s , I n t e r n a t i o n a l
Review of, Cytol~ gy U, 419—445 (1953)). Prof . C onway pr oposes
that elec tr on transfers (from subs trates to oxygen) can be
used to move ions wi thout the necessity for energy capture in ,
for example , high energy phosphate bonds . Ii’ this hypothesis
can be e s t a b l i s h e d  there  would  be another  mechan ism a v a i l a b l e
for energy captur e and work perfor mance . The accoun table free
energy efficiency of cells would thereby be increased.

• - PERSONAL NEWS I TEM

V D r .  R .  F .  Naun t on is r e s i g n i n g  h i s  p o s i t i o n  w i t h  the
Wernher Research Unit of Deafness , King ’s College Hospital ,
London , to accept an appointment as Research Associate in the
Divi sion of Otolaryngology, Depar tment of Surgery, Un i vers i ty
of Chicago. Dr. Naunton will assume his new position in
September .

TZCI-INICAL REPORTS OF ONRL

The following repor ts have been forwarded to ONR ,
Wash in g ton . Copies  may be ob ta ined  by a d d r e s s i n g  r e q u e s t s
to the C ommanding O f f i c e r , O f f i c e  of Nava l Resea rch  Branch
Office , Navy No. 100, c/o Fleet Post Office , New York , N. Y.

• ONRL—50—54 “Organic Chemistry at the University of
Ams terdam ” by J. C. Sheehan

ONR L—54— 54 “Research  in Cosmic Rays and Nuclear  Physics
in  C e n t r a l  and Sou the rn  I t a l y” by
J. R. Richardson

ONRL—55—54 “B i o l o g i c a l  A p p l i c a t i o n s  of I n t e r f e r e n c e
Micros copy” by J. 0. Hutchens
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ONRL—60-54 “Ferranti Linear Programming Conference” by
W. D. Hayes

ONRL—62—54 “Aerodynamic Research in Sweden” by W. D. Hayes

Prepared by the Scientif ic Staff
Edited and submitted by Dr. E. Epremian

Deputy S~TehtIfic Director

A. L. ADKINS
LCDR , U.S.N.
Act ing C omman ding Off icer
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