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FREJUERNCY OF TERIARY FISSICH IN URANIUM

New evidence concerning the frequency of the

fission of uranium into three fragments of comparable
mass by thermal neutrons has been obtained by
Dr. A. Berthelot and co-workers H. de Laboulaye,
C. Tzara and J. Studinovski of the French Atomic Energy
Commaission Laboratories at Fort Chatillen and Saclay
near Paris. Preliminary results of this group establish
an upper limit for the frequency of ternary fission,
showing that it occurs less than cnce per thousand
fissions. This figure is to be comdared with the
currently accepted estimate of the fr equency of fission
intoc three fragments all of which are heavier than an
alpha-particle, namely, about once in eighty fissions.
Apparatus
An interesting cloud chamber technique has been

1
employed in this l&VuStljatloﬂ. A layer of uranium only
about .u,."m/cr:.2 thick was deposited on a formvar sheet
about Zoﬁvm/ mf thick which stretched across the center
of a ¢eylindrical ¢loud chamber. Parallel to the uranium
strip and equidistant on opposite sides were two wires,
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maintained respectively posit and negative relative '
to the uranium. The uranium was grounded, as were ihe
top and walls of the chamber. Fissions were produced
in the uranium by thermal neutrons from the pile at
Fort Chatillon (Zo&). The pulse produced by the
a val at the positive wire (anode) of electrons

formed in the chamber gas by fission fragments is used
to actuato a circuit which removes the potential from
the charged wires within a few microseconds of the
time of ‘1551on. This pulse also initiates expansion
of the charmber.

The technique Dpossesses a number of advantages:
the chamber is expanded only when ionizing radiation
passes through it; the origin of the fission tracks is
precisely defined as the thin uranium layer; and the
time resolution is extiremely good pyrmittiﬂ" the reso-
lution of tracks formed more than a few microseconds
apart. This excellent resolution arises from the dif-
ference in appecrance of traclts of particles which pass
hrough the sensitive region before after the elec-
tron co;lcc ing field is removed. 1 oth cases the
track consists of dense ionization along the pathh of
the particle, but in tho forner case the track also 1
shows a diffuse cloud of ionization extending from the !
fission 1rc.gment's pathl to the anode. The cloud is due
to negative ions formed by attachment of some of the
electrons as they move itoward the anode under the at-

tractive field.
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De. Befthaelot a ates have observed
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scCtied DY & ALT4 Aacavi Ly which has been 1

produced simultaneously. T intersection of

these tracks does not occur in the thin uraniumn layer. 1
The third prong is therefore explained by Dr. Berthelot
as being due to an atom of the chamber gas which is 1
struck by one of the two fission frag nents. A small J
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fraction of the bserved thrcc-pro.Auu bvgﬂ., occur so

close io the uraniun-formvar layer that it is not

possible to state delinitely from stereoscopic photo-

graphs that they do not originate in the uranium,

Dertiielot and his associates have obtained further

gvidence on such cases by studies of the frequency of

occurrence per unit path length for triple events

originating within and outside of the minimum resolvable

distance from the uranium laycr. The trinle events were

found to have the same probabi 1-»/ o: occurrence, within

statistical error, CJuPQiCSS of whether the region of

origin included the source or not. ?“r: ermore, the

distribution in range of the third fragments was ob- :
served to be independent of the location of origin. '
These observations served to set an upper limit to the

frequency of ternary fission of one in a thousand.

CCSMIC RAY CONGRESS ON UNSTABLE HEAVY PARTICLES
M 2% Ll

ed by the Univer-

A Cosnic Ray Congre ize
2 of the Inter-
ays

s
sity of Toulouse uﬂdcr the spons
national Union of Pure and A7 i ics was held at

gneres de Bigorre, France,from 6 12 July 1953. The
c01L°*°ncc was devoted to the discussion and interpre-
tation of new results on unstable heavy particles of the
cosnic radiation.

9 - 3 TT b L 3 . Pyl 1. b » [ :
Proposed liotation for Heawvy Unstable Particles
e & =% s e o o AR 4, 3 o Tipe % AT . 3
ie ;JLIOJ-”Q syGtenl of potation was recorunend=
; e e
>3 - L e p - ~ 1 H N Y1
ed at the Zagneres Congress: (1) L-mesons (symbol L),

T-mesons, K-mesons, any other possible lighter meson;
(2) K-mesons (symbol K), particles with mass intermedi-
ate between those of the #-=meson and the proton, i.es,
tau-, kappa-, chi-mesons; (3) Iyperons (symbol H),
particles with mass intermediate between those ol the
proton and the deuteron, Hyperons carry capital Greek ]

letters, mesons small Greek letters. !

For cloud chamber events, the expressions V-
event and S-ecvent designate respectively the decay in

-196~
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and the decay or nuclear |

The Vl particle is well established and carries

the symbol ()°.
o -~ . e 1
(Y —p+tw+37 lev; half-life = 3.3 x 10 10 sec,
It is now almost certain that the JLO particle is made |
out of a uclvon and represents a type of excited state ;

of the nyutron. At least four cases exist in which the
L © has been observed in a nuclear enulsion carried by
a heavy Iragment and decaying after the fragment has
come to rest.

3

A new contribution brought forth at the
s is the decay of a charged hyperon (super-

3

C

e

gres
roton)

.
=
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+
H —>n+w + (130 to 135 liev).

-

The cloud chamber measurcements of the Cali-
Institute of Technology group tend to confirm
process, rirst observed at lianchester,

fornia 1
the cascade

(The designation V¥ js

Vi s v .

tentative).

Evidence presented by Thompson (Indiana) and
others at the lagnercs Congress secms to confirm the
existence of the ©° particle, formerly Vg of the Vg
group;
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The 6° mass is 971 T 10 m,; this value is in close
agreement with that of the Z’-meson.

There is some evidence for two further
particles; although it is not as definite as for the
8© particile:

o 5 e
3 —»X + L + 60 lev
TP —nt + = + w0 + (£ 75 Nev).
Charged K-mesons (S, VS, 75,AK, X )

Photographic plate evidence DrOugAt Torward
at the Congress has given rather precise values for
the tau-decay; most of these particles which come to
rest and decay are positive:

+
Con +7 +1 + 72 Mev; half=life ~1o"1° to

The mass of the tau=-meson is about $570 mg

It is still an open question whether a
charged tau can also decay into a charged and two
neutral w's. The matter of the direct production of
tau-mesons has nol been settled either since heavy
mesons e jected from auclear o’s‘rtcg ations seem to
show mass values of about 1200 (according to Perkins'
measurements at Bristol), The remaining decays of

the charged K-mesons are of the type

[ § JESTN p; + 2 light neutral particles,

H
(o}

(ii)=—> ™ <+ N,
(ili)—p ™ + ¥

-+
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NEW DECAY EVENTS IN PHOTOGRAPHIC ELULSIONS

At a recent Cosmic RAJ Conference at Bagneres,

-~

France, Prof. B. Peters of the Tata Institute of Funda-
mental Research, Bombay, India, presented very signifi-
cant results on the decay of heavy unstable particles
observed in a stack of stripped 0Hotogﬂaph1c emulsions.
Particles which have been identified by this new tech-
nique thus far include several tau- and K-mesons which
come to rest before decaying; :u?thb., the first
evidence for the existence of negative H»aVJ mcsons l
has been found. Peters has also identified four events
which probably represent the decay of neutral heavy
particles. All events were observed in a solid block

=199=
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of emulsion consisting of twenty-~four emulsion ts
6% x 4%, each 600 microns thick which were pl to=-
gether in a stripped condition (i.e., wi t glass)
and exposed in the stratosphere at geomagnetic lati-
tude 199, After exposure these emulsion sheets were
mounted on glass plates and carefully aligned on slides
such that particle tracks could be traced through the
entire blocic.

With such an emulsion arrangement it is com-
paratively easy to identify various types of particles
and trace them to their origin, since the track length
available for measurement is frequently of the order
of several cms.

Tau-l.esons

From careful measurements of three tau-decays
(each decaying into three w-mesons) the mass of the
t:u-ncsox has been deduced as 989.3 I 1.7 electran
ses with a Q-value of 72.2 © 0,8 Mev. Thanks to the
oped emulsion technique, more evidence has now been
ined for the sign of the w=-mesons (and therefore
ndication of the sign of € -mesons). Five =
sons have been observed to stop in the emulsion; four
of these are positive.
Positive K-Mesons
Four examples have been found heavy mesons
which come to rest emitting only one 1li particle
(w= or p-meson). The best mass value T these K-mesons
is 1025 I 50 mge A new method was empl d in the
measurements of wU1u.0’e Coulomb scatte gis it con=
sisted of varying the cell leﬁg.A asia ction of
residual range of the particle in the emulsion.

Negative Heavy liesons

ce has been obtained
ed by nuclei, leading

that some >
n, rour examples of

ti i
neavy mesons are capt
to siars obse LSE

rved in the emu




these negatively-charged heavy mesons were observed.
The aiass of this meseon is Approximately 1000 mg; it
mav thus represent the negative counterpart of the

tau-meson or lkappa-meson. (Later discussions in the
contércnce made it appecap more kikely that they are

x avaorirey b dier (R R o s
the negative counterpart ol THe Lau=meson)e.

Q A b~ %
N Papticles

Y & S AR e QR o @ - "y~ ~ A~ o ~ B
In tracing 85 w-mesons, which come to rest,
’

to their origin in the emulsion stack, two cases have
been found which seem to resemble the V% decays ob=

: SR g =
served in cloud chambers, namely Vi—5p + T . The

pare ) ticle in both cases has a mass of about
2185 me with a Q-value of 37 - 38 Nev.

CLOUD CHAMBER IMASS MEASUREMENTS

The double cloud chamber of the Ecole Poly-
technique, Paris, described in Technical Report CNRL-
69~51 has been put into operation at the Pic du Midi
(altitude 2800 meters) during recent months. Both
chambers have extremely large volumes, 70 x 76 x 50
cm. With the top chamber in a field of 2600 gauss,
it is possible to resolve momenta as high as 1R Bev.
The bottom chamber is similar to the top one, but
has no magnetic field and contains seven lead plates
0.7 cm thick and six carbon plates each 1.5 cm thick.

This apparatus has been used by
Dr. B. P. &regery, Dr. C. Peyrou and others Ifrem the
Ecole Polytechnique to measure, by means of the
momentun-range method, the masses of heavy mesons
produced in nuclear interactions in’ the lead above
the top chamber. Accordingly, these scientists have
observed the curvature (and therefore momentum) of
four heavy particles in the top chamber and their sub-
sequent ranges in the bottom chamber. The mean mass
of these so-called S-particles has been obtained as

-201-
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In a recent paper (JCS, 855 (1953))
Dr. R. W. Pittman (Birkbeck College, London) discussed
the photogalivanic effecils observed with red selenium
and showed that a gold electrode coated with red
selenium and immersed in aqueous hydrochloric acid be=
haves reversibly on illumination, the red selenium act-
ing as a cathodic depolarizer. This effect was ex-
plained in terms of a localized adsorption of hydrogen
atoms on the surface of the selenium resulting in the
compound HSeg.

Photochemisiry of Grey Selenium

Pittman has recently used a similar experi-
mental set-up to study the photo-conduction of grey
selenium, but the results obtained have been entirely
different. When the photo-current is plotted as a
function of the voltage applied to the selenium~coated
gold electrode, the curves shown below are obtained at
various illuminations; voltages are measured with
respect to the other electrode.

It is immediately apparent that a discontinuity
in these curves Atsts 2t the null peint, ise., V =0,
and therefore it i Ably that two separate processes
are taking place, cne for negative voltages and another
for positive. It is also found that the "null" current
is directly proportional to the strength of the illumi-
nation. Wien the gaseous products liberated at the
selenium=gold electrode were analyzed, it was found

=ZOR=
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that hydrogen selenide was being liberated when the
appliecd voliage was zcero. Since the currents at this
point were rather small, Pittman attempted to obtain
larger quantities of hydrogen selenide by operating

in the region of negative voltage and at high photo-
current. However, in this region no hydrogen sele-
nide was liberated, but instead hydrogen gas was form-
cd on the selenium surface.
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Eloctrode (rn vo /2s).

b Photoconductivity for a Crey Se Electrode in
‘ HCL sclution
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With negative applied photoemission
of an electron agaly resuits in & ole near {he
surface. Owing to the negative potential
gold electrode, the positive hole moves raf
the selenium layer towards the gold core, and hence no
combination of a positive hole with a hydrogen atom can
occur. Instead the hydrogen atoms combine giving molecu-
lar hydrogen.

THE PROPAGATICN OF BRITTLE FRACTURE IN STEEL

o

T. S. Robertson and D.

Consiruction Rescarch IZsteblishment, SCo
ducted some interesting work on the prope

brittle fracture in steel. 1In a pre
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paper (Zngineering, 172, 444 (19

725 )) it was shown that
there is a critical relationship between the stress
transverse to the crack and the temp ture at which
the craclt will no lonﬁcr propagete, is relationship
is shown schematically below.

~

ress

’

——

yverse 5

|
[}
!

1y

7;t(

paey ;ev.\fu—ra For CracK Awvesl

Critical Relationship between Transverse
Stress and Temperature for Crack Arrest

Ihe stress at peint A varies with the steels
currently used 1in ship construction from 32,500 to
5,800 psi; the temperature at this point is in che
range of ambient temperatures experienced in service.
The critical stress-temperature relationship (left
branch of curve)} which occurs within the average range

f service stresses is very important, since a crack

fice started will propagate catastrophically if the
general stress level is zbove t“at corresponding to
the temperature for arrest. While the previous work
yielded practical .hLo.m;t;cu of immediate use, it was
desired to seek data of a more fundamental nature.

uith this aim the original test which involves a tenm-
crature gradient along the test plece was modified by

uhe use of a test piece ma $nbh1“ca at a constant tem=-

perature with a stress

f“,

(‘J bq\-c
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The Dr. D. Trotter, University
of @Oxford, usi erythrocytes indicate that
the process of hemolysis varies somewhat with the hemo-
lysing agents used. The large size of salamander erytnro-
cytes malies them especielly sujtable for studying the
visible ghanges accon] olysis 11
hemolysed by a variet inclu 9
alkalis, saponin, digi b S s
and cationic detergents, iemolysis was acc “Jar’ed by ‘
changes in optical properties, size, and shape o the i
cell as a whole, and in the shape and optlical as)caraﬁce !
of the nucleus. The appearance of the cell varied with
the method of producing hemolysis.

Alkalis produced bizarre
which the distorted cells again D
flﬁp-Lj und crwbnt rapid complete
duced spherical prolytic cells, ¢ b
circular or elliptical in eutline, a
showing partial or complete extrusion of the nucleus.
Acids produced grossly distended ghosts exhibiting an
apparently rigid fibrillar structiure in the part of the |
"membrane® forming the original rim of the cell.

The majority of natural and synthetic surface
active agents gave ghosts of elliptical ocutline when used
in high cu“ven*ration and a large proportion of circular
ghosts with weaker boncen:rations. With some lysins
hemolysis was succeeded by gross swelling and final disso-

lution of the nucleus.
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1

" COMPLETE INTERRUPTICN OF THE nghbu‘fau . AORTA

Dr. J. L. Braithwaite, University of Liverpool,
has studied the origins of the branches of the abdominal
aorta in twenty rats (as a control) and carried out li-
gation experiments in thirty-six others. The sites of

interruption varied between the origin of the celiac
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t 2l to the aortic bifur~
Ly=nine animals surviving operation
collateral circulation was s U iea
n

ricds up to three mo
‘”-c hnn dissecti
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complications were als

The results demonstrate that the abdominal
aorta can be ligated with coemparative safety at all
levels distal te the origin of the left renal artery;
all fatalities in the above study except one followed
ligations at levels proximal te the renal artery. The
macroscopic collateral channcls (both visceral and pa=-
rictal) became noticeably enlarged after a period of
about four days, although the degree of enlargment of
these varied wi the site of ligation. The most im=-
por tant anas ic chnannels were the spermetic, mesen-
teric, ureteric, interlumbap and those eccurring in the
body wall. Additionally, a more localized plexus of
fine vessels was manifest in the region of the ligation
site.

The main complication following these procedures
was & temporary paralysis of the hind extremities lasting
frem two to three days, although necrosis of the tail
occurred in two instances, and gangrene of the lef
uterine horn in one.
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The following reports have been forwarded to
ONR, Washington, since the last issue of ESN.

CliRL=40=~53 "Conference on the thsics of lonized Gases"
by J. K. Beling and S. F. Singer

CNRL=-82-53 "Electron Impact Spectroscopy" by G. J. Szasz
CliRL=92-53 M“Acoustics Research at the Uaniversity of

Oslae” by J. Re Reitz
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ONRL=-94-53 ®Conference on Brittle Fracture in Steel® |

by E. Epremian

ONRL-95=53 “Computer for Phase
Scattering® by J. K. Beling

In the course of his lecture on Paramagnetic

Pl

Resonance at the Annual Meeting of the Societe de Chimie

Analysis in Elastic

Physique (Paris), Dr. B. M. nozy“cv (Kazan, U.S5.5.R.)

S

referred to the death, about

a year ago, oi Professor %
Frenk l, theoretical physicist. It is believed that i

Jo A‘Z'CI‘
Professor Frenkel's death has not so far been known in
the Uni ea States or in Western Europe.

1

Professor E. D. Adrian of Cambridge University
was recently presented with the gold Albert Medal of the
Royal Soclety of Arts for his outstanding contributions

in the field of neurophysiology.
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