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INTRODUCTTOS

The snnmusal Gordon Resesrch Conference on Fuclear Chemistry was
held at the New Bampton Schocl, New Heppion, New Hanpshire from Juhe 28,
1854, to July 2, 1954. Fepresentetives from the Dhited States and seversl
foreign countries attended. Mory of these came from ARC-sponsored
netional and aniversity leboratorles where nearly all the fmdamentel
regeprch In this field 1a done. Under the yule adopted by the conference
ncme of the materia]l pregernted at the conference can be published.

Mogt of the pepers and dlecugsaion used highly technieal terms,
equetions, charts, and zraphs. An attenpt will be made to make thia
report as comprehensive as poseslble.

A. Nuclesr Structure and Redloactivity

1. Bets Raya
Considerable work is now being done to use beta-particle

decsy 88 a tool in muclear structure studies. This iz dons by
esleulating the log (fr} velues which are dependent upon the
type of decay {beta=particle, positron-particle; or K-shell
electron capture); the meximm kinetic energy of the particles
or encergy available for K-clectron capbure within the atamic

miclevs;: and the half-life 1n seconds for the event to ocour.
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Az & result a more clarified pleture was presented which is
gradually and slowly resulting in & better understarding of
the micleus of the atom. Selaction rules (borrowed frem
optical spectrs theory) were dimcussed in an attempt to ex-
plein the varicus probabllliles for different bets-perticls
transitions. Most of the beta-emitting miclel of light
lsofopes have been studied. These have symmetry propertles
in their wave functions so that the bets emisaion bas "super-
aljowed" or favored transitions, and here the mestrix slement
ia large., GSome "superallowed” transiticns are produced in
"elrror nuclel™ where the number of neutrons and protons are
nearly equal {§ = 2¥1). Such isotopes are hydrogen-3
(tritium), beryllium-7, and boron-9. The beta~-particle ar
positron decay ia caused by the coulomb {elsctric charge}
difference between the nucleons in the nueleus. Further dls-
cusaion touchsd on decey schemes of tirlads, where the mumber
of neutrons aquals the mmber of mrotons in & moleuns in which
neutron axcess is plus or minms two, or in even numbered atomic
welght nuclei, for example carbon~l4, nitrogen-li, and oxygen-14.
The coupling between guantum numbers bore a distinct relation to
beta~ray transition schemes. While meny decey schemes for the
light elements have been Inveatipated; there iz some guestion
i1f they oen be worked out for atamle welghts up to 65,
2. Long=Lived Radicactivilies

Tha confersnce on long-lived radlcectivities deslt with

lactopes with half=lives of approximstely 30 mililon yesrs.
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Igotopea with half-ilives shorter than this may be considered
aa extinet radloactive nuclides. Isotopes with half livea in
the range from 300 million (3X108) to ome million-billfon (10M%)
yaara are newn as primary-nuelidsa. Thess nuclides are a group
haginning with uraniue-235 with a helf=life of 710 million years
to tellurlum-121 with a half-1ife of approximately 10°T years,
Dacay achesmes were dilscussed for potassium=40, lanthanum-138,
rubidiuvn-87, lutlelum-176, and rhentum-187. 3Some possible
undatactad primary mmtural radicactivities are wmnadium-50 and
calelum-48. Tallurium-130 haz a poasible double heta decay
acheme as well as zirconium-90 and calclum=43. In general,
by observing the selaction rules, comparative lifetimes, and
other quaptum factors, it 1la possitle to determine the prab-
abllity of beta emiasion., The long=llved radicactivities are
datermined by observing the active daughter produete of these
matsrials.
Huglear Models and Energy Levels

In the heavy element region, low-lying nuclear energy lavels
and the application of certain nuclear models were discussed.
To form & bsttar understanding of the nucleuz, it iz important
to find the energy lewelz and the quanbum mmbars which depend
upon the muclesr snergy, momentom, parity, 2od isctopic spin
for the light eiement reglon, Nuclear models heve been pogtue
lated by many inveatigators snd neserly &l) hkave had difficulties
in ezplaining the experimentel frcts which are dimcovered as

resecarch contimes., Some of these srer (1), the single mrticle
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model with the potential energy well, spin amd magnetic moment;
(2); the ahell configuration, an improvement, vhich ingludes the
potential well; (3), the collective or liquid drop model with

its preperty of spherical deformeticn; and (4), which is per-
baps the best, the uniforn or unified model of Bobr and Medell-
son with its strong coupling and larpge deformation approximation.
In the letler model, teats for quactum numbers K and J have shown
that X dosz not fit some examples very well; while J ia geod in
aome cases, it gets worse with lncreasing dlstortlon of the
sphera (mucleus}, and in the low energy states ism very poor,
Though J may be 2 good quantum number for light elements, it is
inapplicable with the heavy slements. Alphe decay was diacussad
riefly. The decay scheme for americlum showed alpha decay

with no change in the s2pin of the mucleus, but the pucleus
retained a hindrence factor. Eill and Wheeler of Prince Univer
sity have postulated that the mucleua of ihe radioczctive atom
tock the shape of a football during 1te excited state and ejected

an alpha particle from an end,

Laboratory
Flutonimm waz ased as a atarting material in the Areo resctor,

The nsutron bembardment and suscessive decaya produced heavier
isotopes of plutonium, americium, apd curiuwm. By beta decay
elements atonic numbsr 29 and 100 warse produsad. A new maas
apectromater with a2 sensitivity of 10'13 grams was used to deteot

& larpge group of newly formed isotopes and their decay schemea
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were asvaluated., Studies were meéds on the alpha~particle decays
and half-lives of several isotopas of curium, The isclopes of
palifornium were also studied to determine alpha-particle deomy
and spontanecus fissicn. The possikbillity of creating or detecting
slements whose atomle mmbers ere greater than 100 appears remote
because the half-lives theoretically became exceedingly short.

5. Recent Chemicsl Research on Feaviest Elementa at the Univeraity

gf Callfornia
In carrler experiments it was found that the bydraxides of

elaments 5% and 100 are llke Ilanthamum and the other rare earths,
Element 99 did net axidize very readlly ané element 100 hed a
half-life too short for atidation to occur. Ien sxchange colunns
wers unsed for the separation of these actinide elements. The rare
earth elements were removed before separating the actinide groups.
Considerable study waes made of the "drop mubers" of the columns
with respsot Lo the sequence of separating cut the heavy element
from elementis of atomic mumbsrs 95 to 100. Different eluates

were tried and 1% was found that ammonium lactate wma most effective
and the elements would separate in sequence according to atomic
mmber. In the plot of the log of drop number va the atomic
number 8 curdous break in the curves occurred for various ion
elementa and an attempt was made 4o explein tha bresk as "Stark
Effect" caused by the ion elsciric field.

B. nergy Nu Reach

Eslation to Radiochemical Evidence
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Photographic emulsions are a powerful toel in the flold of
high—energy muclear reantions. Studies were meda of 10 to 100
Mov nucleons pepmetrating miclear strneturs by two stages; (1},
Tinoak-on® nueleona; and [2), by mislsar de-exeltation or phase
avaporation, These are known as Helsenberg nuolecns and evapor-
ation nucleons, respectively. These partiocles were produced by
using a cyelotren with a five-mil seatterer and a fargat prebe
containing the amulsioh, Studies were made of the ylelds of
epellstion {aplitting or splintering of nuclel} reactlions in
vhieh copper was bombarded with 240 Mev neutrons, The ezreful
study of "atars" (produced by muclear splintering) iz a tedious,
aye-atraining, and time.consuming art, The mleroacopic work
wea eatimated to comt about §10,000 per sgquare centimeter and
it takes sbout one year %o carefully scan ¢ne—third of 4 squars
centimetar of £1Ilm, Ons clevar &Welnpmént was the conatruction
of a probe eontalning the target materdal in the ferm of a
clogely-wound fine copper wires whish wore coverad with a photo-
graphie emulaion, Although the constructisc was diffiemnlt, the
probe could be used more esaaily within the eyelotron. This probe
will e used for future studlea, In the studles of the protons
eviporstod or emlitted by cyclotron-lrradiatsd melybdenum, an
enfactropio distribution of protons vs emiszlion angle wes ob-
tained, This wus described as the effect of nuclear surface
waves &nd; possibly, of a volume effect, Additionsl theory
expleding this as follows, A neutron entering s nucleus con-

teining mere neutrons than protons knocka ouf more nsutrons than
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protets, making the nucleus meutron-deficlent. The protons decsy
which affect the angular distribution of the proton emiasion,
This explamtion was rejected by an experimenter whe puggested
that something gees on within the pueleus to exelbte the protons
and to lowsr the barelar for emission. Further argument offered
the Bobr-Whesler cscillating droplet mechenism, in which a proton,
like =z drop of whter forming on a epigot; cacillates until it
dropa, as an explanation for the proton angular distritution.
Ihe Fva tion Phase of High-Energy Reactio

When a primary cosmic ray or a high-energy partisle punches
a hole through the mueleus of an atem; the nuclsar surface ine-
creases and the size of the bole can be calculated according to
Heitler. The maclews is leoft in an exciied state and the emergy
within the nucleve may be distributed in many weys. This energy
wy be consldered as distribuied throughout the nueleus in the
form of heat and & correlation can be made of muclear energy and
temperature. If the temperature is sufficlent to reduce the
potentlal barrier, an effact similar to that of evaporaticn
ccours with the emicsion of omne or mors muclear pertieles. it
is agpumed that the potential berrier falls rapldly sg the exai-
tation energy (from the incoming particle) incressss. &n attenmpt
was made to axplain how the exeited nmucleus emlts a proten. This
was discussed in the previous topie, Photographic Emulsion Data,
The neutron-dsficlent nuclens was as=simed toe be & contributing
facter and the hinding energy of the nuoleons with respect to the
potentisl barrier was considered mest important,
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When high-energy cosmic rays (protons} strike matter,
appraximately ove and ome-half neutrona are emittad psr proton.
From a plot of the relative mmber of particles ws the exci-
tation snergiss of protonz {up to 700 Mev) bombarding lithium,
it was found that both the yleld and nmumber of particles in-
creases with an increass in excitation energy, More neutrons
then protens are emitted, and in decrsaalng relativa mmbere
there ars alpha partisles, tritons, dsuterons and belium-3
atoms (decayed tritoms).

3. ta Fungtjons pas Seetd E C
Hirgh-Enerzyr Nuclear Heaa

This t{oplc concernsd primerily the "knock-on” stage of
the muclaar proowss in high-energy rsactions having a rangs
af 100 to 500 Mew, 1t wasz noted that with muclear reactions
involwing ensrgies greater than 60 Mey, the compound micleuns
theory is not appliceble, With these high energiss the
ineident partiels sither iz capitired ar penstrstes the nnelaua.
This is readily seen, bmcause at thase ensrgies & fast moving
proton uses a very short time to go thru s mueleus, The wmve
langth of the proton iz short with respeet to tha muclear
dlameter. The individusl proton-neutron cross-sections ars
emall encugh for the proton sither to go through a micieus or
hava a oollision. Conslderabls work waz done in getting data of
erogg-gection valusa va proton snergiss in the range of 100 to 1,000
Mev. Varlioms proton-mucleon reactions were discussed, It wes fourd

thet as the energy of ths incident particle is increased there
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is a greater poseibility that a partlele will be relessed freom
the nmucleus; and that the eross-section required for a proten
to knock cut a proton and a pneutren incereases with energy above
50 Mev, But as the proton snargies increase beyond 100 to abont
1,000 Mav the eross-section decreases rapidly. It appsars that
evaporstion is coptributing materdally to the cross-secticn
data or the "“lnock-on" resstisns. At highsr energiss there
is avidanes that meaocns are produced.
g - n=Induced iona in the 0,5 to 3 Bev
Enorpgy Bange

The commotron at Brockhaven was umed %o accelarate protons
to these high (cosmic rsy) energies. Until recently the maximum
enorgy produced by the coswetron wag 2.2 Bev. As improvementa
were mede thiz was astepped up to 3 Bev and 1t is boped to in-
creage this value atill higher, 3tudies were hede on the b
bardment of alvminum and copper by thir insirument. Some dats
were obtainsd for lead and bismuth. The yleld-distribution data
for almmimm s&od copper #pallatlion were presented. GCurves of
croas-sections va proton energles in Bev were shown for sofium,
fivorine, cerbon, pitregen, and beryllium, Excitstion funetions
were shown for lesd and bizmuth spellations. The interesting
thing was that for lead spmllations the curve took a dip in the
rare earth region where 4 {atomic mass) is sbout 150, Some
isotopes were formed by the fissloning of the materials as well
by the spallation procesa. When tantalum, gold and bismuth were
bapbarded with protoms at energies from 1,100 to 2,050 peak Mevw,

bl
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many pucleons were ajecisd; yet the energy used per particle
poitted wap constant, Pi plus and pi minus mesons wers produced
from the bombardment of beryllivm and pi plus mesons from bowbarded
hydvogen. It was concluded that large energy transfers take place
with these nuclear reaciions.

Muelaar Ceochsmistry and Gogmochemiptry

Radicearbon Pating
Badigcarbon {Gl"") deting is being done with s proportiomal

counter which umes acetylens gas, The counting ls done by anii-
ocincidence methods. Conglderable care is required to keep the gas
free of any contamivation. The backgroumd coumt mms% be low, in the
region of 2 to 3 gounts per minote. The tube operstss at 5,000 volts
direct current. It takes about 28 hours of ccunting te verify radie-
active decay %o 40,000 years age, Specisally selected ¢ld weod and
leaves found under the t112 (gravel) left by glaclers are the besi
gamplesa, becanse they were deposited before the glaclers came and
are more likely to be untouched - an lmportent factor. One result
of this work is that a temperature record of & particular region
going back to over 20,000 years 1a obtained. An attempt has been
ade to correlate the glacial perioda in Euroepe with those in the
Unlted States. FProm present knowledge the climetes in Burope and
America about 10,000 years ago were out of symchronization by about
200 years.

Glaeial rocks may be dated by ecounting carefully selected speci-
mens of chlorine-36 which was formed prior to glaciation by cosmic
ray neutron bomberdwent of chlorine-35., Chlorins.3é iz & gamma exitter
and ita radiecactive decay mey be used to date events 400,000 yeare sgo.

1%
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Gonsiderable work is belng done la dating of deep-ses pedimenta.
Semples of radium are counted in the preszence of lonium which is &
parent of radiue, By plotting the decay of lonium and radiuwm with

reapeet to time the era of asdiment deposlts mey be detarmined.

By measuring the amount of radloactive deczy end produeka of
nranive &nd thorium which are lsctopes of lead mixed with helium,
Dinerals mey be dated from 500 million to 3,000 million years ago.
Galens crystsl minerals were inwestlgated from several section of
the United 3tates, Cenads, and Africa. Ratics of the decayed lssd
Iasotopes from thesa loeatlons werae carefully measured and the
erticuler mineral eource wis dated. Generally the laed-207 ta
lead-206 ratio was found to be the best method for determining the
ages of old minerslg. According to the gecloglat; common lesd pipe
containg about 30 per cent radlogenic 1eed, However, lsad gbtalned
from different regions containa varying emcunts of radiogenic lead.
Galena from Rhodesie, Africa, was found to be 2,800 million years
old, from Northwest Territory in Cameda, 2,300 million years old,
The Golorado plichblendes are considerad to be falrly young minerals.

1 1 on Types of

Rocks containing thorium-230 and thorium-Z32, strontium-87, and
rubidion=-87 are obtained from geslogienlly interesting locations.
Jmell samples of these elements arse removed from the roeks hy ion
exchange separation, deposited in mierogram quantities on a epecilal
holder, and the magnitude of the isotopes of each of these slemants

are comparad by using = mass spartrometer. The age of 2 ssmple of

14
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the minera] lepidelite was found to be 1,610 million years by nessuring
the rate of deeay of rubldium to stromblwm, Strontium=87 has & balf-
1ife of ex10tY yesrs. 4 semple of the nineral muscovite was datermined
to be 1,540 million years old. Thie topic was concluded with the
obeervation that rock types can be dated but the interpretation 1s
very difficuli,
osmi =Induced Ha

Investigetions of racdicectivities induced in the atmpsphers by
eognlie rays produeing earbon-li4, tritiva end beryllium-7 are being
conducted. Coemlic rays may be considered as ion cores ranging up to
iron, however, they consist mostly of hyirogen and heliuwm. By atom
prrcantageas they consist of approximatsely 80 per cent protons, 20 per
cent alpha pariicles and 1 par cant GEO, The intansitiea of cosmie
reys very with Iatitudes in the billion slectron volt rangs and are
bent by the magnetic field of the eertk. Ths vertlcsl cosmic ray
flux waries from 0.07 particles per square centimetsr per sscond at
40° north latitede to 0.21 at 56° north latitude and 0.025 at the
aquator, all in the same unlis. The sast—weat asymmetry is due fo
the mapgnetic fisld of the earth. The lnfegrated flux density of
posmic raya at sea lsvel is about 0.5 primariss (protons) per aquare
gantimeter per second. Including all effects the bast estimate of
rays reaching the swriface of the earth is aboul 0.4 rays per square
cantimeter psr second.

Frimry cosmlc rays producs motons, deuterons; tritons, neu-
trons;, helium-3 estoms, aipha particles;, sbout twanty-five known
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medons &nd about seventy-five unknown mescons. The zecondary protons
require emwrgles in hwdreds of Mev to produce "atara". The gensral
effects of coswic rays are:s (1), %o produse high-energy stars; and
{2), to produce low-energy events, sspecially neutrons.

Houtron flux determinations were made; using enriched horon-10
detoactor tubes and the cadmium difference metheod, The neutren flux
from coamic ﬂfu is about 2,3 neuirons per square centimeter per
gacond. This ia about aix nevtrons produced by each primery particle.

16

When commic ray meutroms bombard mitrogsn-1) in the atmoaphere, carbonh=

14 is produeed. Cosmic nevtrons striking atoms in the atmeopbers pro-
duce aters fraw vhich tritium is formed. The ratio of the mumber of
neutrons to the mmber of tritiwm atoms produced was determined to be
&5 amroximmtely alx to one., Production of berylliwn-7 directly from
primary cosmic ray perticles waa very low. Mest tritium 1z mede at
the high altitudes and becomes water (and veapor) at an altitude of
50,000 feet, A4 atudy of the mixing of tritiuwm at high altitudes was
presented. In general the tritium content varies with each rainfall.
In the Chicago eres rainp has conbeined approximately 6X10~18 mole
fraction of tritium, Inbtegrated over &ll latitudes the tritium
content in the surfage of mes wator wag found to be 3425110*18 mole
fraction. One-half of the bLerylliunm7 produced by cosmic rays deeays

in the atmosphere. Peryllium=-10, which has a half 1ife of 23{11‘}6 years,

goes primarily by means of rainfell into the ses. Since 1t 1s not
scluble in water; nearly all berylliuvm=10 will eventwally be deposited
on the botiom of the sea. Tritlum hes been suggested (by Libby} as a

means of dating of excellent wines.

bl
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Radioactivity and the Himtory of the Barth's Crust
The sarth’s mantle 1s sstimoted to be 3,000 Kllometers thick.

Tke 1nner core of the earth iz assumed to be liguid iron and nickel.
The thickneaa of the mantis was determined by studying the change of
velocity of selsmic waves with respect to Aensity inside the earth,
Mgan density and moment of inertla measurements were used to detera
wins the composition of the earth and thias composition was compared
to that of meteorites. The ¢omposition of the earth 1s comsidered

ta be zimilar to thet of a stony metecrite. This assumption 12 borne
out by comperison of the quantity of vranium and therlum in meteoriten
and rock samples from the sarth. The nature of the purface layer of
the earth was studied by means of sel=smle wave velocitles to obtaln

a pleture of 1tz gravitatiomel equilibrium with respect %o the cors,
There 1z strong evidence that the contlnents have grown with passage
of time. Mountain belts are bullding gontirmucusly by an inner pushing-
up and spreading-cut process which adds te the esrea of the contlnents.
Studles have been made on the radiosctive hest genersted in different
types of rocks. Under & mountaln sres the heat gradient from the
depth of the mantle to its surface is about 700°C and in non-moupiain
areas it is approximtely 3009C, From the beat evidence awailable
thorium apd uranium are located in the earthl!s mantle under & layer
of aluminas, silicss, and alkali-earth material), The beat flow at
the bottom of the ocesn was found to be higher than was expected.

This is prokably due to heat gererated by uranium and thorium below
the bottow of the sez. A blg unanswered question la: How does the
uraniuwe and thorlum get to the surfiace of the earth without bringing
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up other materials? A4 question was raised as to vhether the earth
was hesting or cocling end the conclusion waz that the temperatmre
18 constant. A suggestion was made that iron-60 with a pusased
kalf-life of 10% years might have contributed to the high temperature
of the esarth if this svent ig sxtrapalated back in time thyes to four
billion yeare ago.
D. R bls Dissuseion on Ta ns A Count:
1. Absal C i
4 roundtabls dismuselion wvas hald cn technigues of absolute
counting. The cheracteristica of the 4TF proportloml counter were
prezented. Hydrogen sulphide gas was used az the lonization mediom
for the absolute countlog of radloaotive sulfur-35%. Some investl-
gations ueing sulfur dlaxide as a counting gas have been mads.
Mathods of prepering the gag were discusged. The principal method
was thermel decomposition of copper sulphats. A4t the Hational
Buraau of Stendards the bast LYY tube opesrztion platsan obtained
during counting of carbon-lf was 600 volts in lenyth. Many radio-
isotopes have been counted by Natlonal Bursan of Standsrds ineludiag
phosphorue=32, lodine=131, ecokali-bd, carbon-14, radivm-D, radivmE,
thallivm ~<04, atrentium-00, yiirium-90, gold-19%; sodiwm-22 and sodium-24.
Within the next six months work will bes done with beliwm-3, carbon-ii,
casium~-137 and sulfur-35,

Severazl metheds of sounting are wsed at Natiomal Bureauw of
Standards including: (1), internal gas= counting; (2}, radistion
balance which uses the Peltier heatlpg effect; and which has been
uged for counting tritium sampleas {3}, the AT scintlllation counter
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with the semple held betwsen two counters ag in & sendwich, and (4},
the liquid seintillation method where the souree or sample ls inobre-
duced intc scintillation ligquid to help sliminate self-absorption,
If the semple to be ecunted can be introduced properly, the best
methods {0 eliminate self-absorption are the internal gas counting
and the 1liquid seintillation methods.

Sevaral terphens]l mixztures and compounds were discussed for
Improved scintillation counting., Attempts mave been made to shift
the a¢intillstion speetrum to a4 longer wave length wiilch bebisr pAtches
the gensitivity of the photoelectric mmitiplier tube. The Hational
Buresu of Standards counting sccurasy for cobalt—00 is vithin®1
per cent, but diffienlty has been encountered in trying to obtein
good counting aceuracy for carbon=l4 snd sulfur-35.

Taricus methods of soures preparation were dizcusaed., One
method used a thin-film sample covering mede from poiyvinal-acetate
copolymer {VEIN3), Thi= material wms dissolved in eyclohexanone (cne
part VIKS to three parts of solvent), and a few drops of this soluiion
was spresd over water to form a thin film. A wire loop was nsed to
romgve the film from the water and to hold the film for drying. The
thickness of the film was determined by a light=reflection method.

Investigations are being made of the problems of thick-ssmple
source counting using 4 T1 counters. Little had been done in this
fleld since 1910, probebly because the efiects are very complieatsd,
Absorptlon, back scattering, and other fectars affact the distrimtion
pattern of the radiation. It was suggested that each laboratory

should evaluate the covnting aelf-abeorption &nd other conditions
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sp that corrected results will come within 5 to 10 per cent of
absolute valuss,

Another method of counting wes presented which ¢tonsisted of
non—electronic aluminum selectrometer cella, The source of radiation
is smapended inside of a large evacunted tank with a screen arcund
the source, Icnieation current ia measursd and calibrated in terms
of soarce strength. Other variationa of thia type of counber wera
presented; soms used megnetic fields to reduce elaciron scattering
and preserve the counting gecmetry. HResulbs of counting sulfur-35
aod phesphorus-32 sgreed well with results obtained at the NHatiomsl
Bureaun of Standards, ‘

mgleer Effegta ) ar r Correlationa

Syrvey of the Field

A4 brief history of the field of extrammclear affects on
nuiclaar engilar correlations was presented, This field deals pri-
marily with ganme-gamme cagcade emissions and their relationship to
ths nucleus emitting them, Modern experimental methods are grestly
improved. At one time it would have taken an experimenter using a
Gelger-Mueliar tube ten yrears te conduct ons experiment in angonlar
correlations,

The gquestlon of what happens to the nucleus during pamma-geamme
cascede diaintegration wae discuased, Assume & mucleus hevipg & spia
(anguler momentum} of four, It is in en excited state and it emits
a genma-ray in & definlte direction. The mcleus adjusts itself
and the aplin becomes two., The stlll-excited nucleus emita a =zecond

gamma-ray at some angle thets (€} in snother plene with

*
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reapect to the direction of the first emlited gamme-ray. The mcleus
adjusts itself to the ground state and the spin is gero. What is the
promability that the mapleus will have rotated a certaln angle theia
{#) between the pamme-rsy sventa? A radiation dipole pattern is set
up perpendlenlar to the direction of muelear spin, FExperiment and
theory shows that the probability may be expreased in terms of
Legendre polynomisls which aot like scg™@ functions. The experi-
mental tachniqus utilizes two secintillation countar= operated in
ecolneidence and adjustable radially. The decay scheme of indium-111
was uzed during these experiments and the angular ecorrelations batwaen
the first and second gamma-rays were studied. The constants required
for the prebability equation were ewaluated. Additlomal work was

done on investigation of what happemed after K-electron capture by

the nugleus, It wag found that as many &2 ssven elactrona may lsave
their orbital shells during the stabllization of the atom. According
to theorstical sssumptionm, when the indium lactope 13 in an ion
erystal the atom is excited for a relatively long time and the eleotrons
are in a disturbed condition; hence the ionie sources bad & corralation
that was perturbed. When indium-11]1 was 1n assoelation with metallle
eilver, the free electronz of sllver would Jump in the hole= rapddly,
eunsaqua:;tly the shel) alactrons could net aet and no perturbetion
oocurred. The Zurish (Switzerland) group discoversd an atem in &
mwetal eryatal tetragonsl lattice whose field gradient was zugh that
perturbation coourred. Studies were mede of thse characteristies of
mzelel that were parturbed and those that wers not, Seme perturbed
miclal had ver:} short half-lives in the erder of 10™10 to 10'11 aaconds,
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They alsc had small magnetic and electric field gradisnts. PFimally,
the muclear reccll energy for ppme emissicon was calculated to be
aboub one sisctron volt with a possible maximm of 5 to 10 elsctren
volte. The nuclear recoll energy from beta emdesion 1s about 10 e
20 eleotron volts.
Ef f Electric and Magzne Fis

The theorstical and mathemstical aspects of the engular correlation
of gaume-gomme decay were dlsocussed, Investligations have been made of
the nuclear disturbances canssd by application of megnetic fields during
the gamma transition. The directicnmal corrslation of cadmium-111 was
checked with differesnt scurces. If a cryatal of this material waa
powdarad, sxpesrimshts wers conductsd more sasily then with cryatal
a0lid, The alphe particle gasma ray transitlion of the thorlum=230
was investigated for correslation and the disturbances of both levsls
of decay were studied., An attempt was made to explain why the radlo-
active laotopss in a liquid are more easily studied., Fluctuations
apparantly are mach more rapld even with half-lived imctopes of 10'1?'
seconds, and ne stetic directiional effects are found in llguids, The
mathematical sxpresaicn was ziven for the translitlon probabllity that
the aucleus (in liquid) 1s in a certain state. Finally it wazs conecluded
that the applications of thege atudiss (sffectz of slsctriec and magnstic
fields) could be used for: {1), caleulating interaction constants; and
{2}, making studiss of the effects of radiation damage.
Duadrupole Effects

Experimenta were dlscussed in which the object waz to determins if
nuclear attepuations are due to mapnetlc or elesctric interactions. It

wes found thet mapnetic fielde 4id not affect the attentuations. The
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electric fields from crystals were uneed tc meke thla i:;vestigaticn,
Indium-111 was produced by cyclotron bemberdment of cadmivm, The
indium was separated and placed intc e fine capillary tube. By heating
and cenotrifuging, the indium droplet was forced intc the end of the tubs
acd a crystal was formed upon cooling., This source was properly mounted
on & goniometar head between two seliptillation counters oriented red-
ially and comnected in coincidence. The erystal could be rotated in a
plane perpendiculsr to the counting tubez, From the counting data
caleulstions wers made and curves were plotted wlth respect to the
rotation of the crystal in diffsrent planes, In rotating from O o 30
degrees the sffect of the electric gquedrupels interactlon could be
plotted. An asymmeirical ourve wms shown for the gamme-pamma
gorrslation, Work is belng done at Argomne Hatiens) Laboratory on
the ccrrelation of the alphe particle gamme ray decsy of thorlum-230,
and radivme-226,
F. Effects of Redicactlive Dsesy of an Atom on its Flectron Shells
1., Theory and Experiments

This tople wes the elsctronic quantum meghunice of the K and L
gheila, The K-zhell eleciron capbure by the nucleus is primerily an
slsctrogagnetic interaetion, For exanple, when ths rugleus of &
baryllium-7 atom captures a K-shell electron, a hole iz left in the
K-shell and the atom bscomes Iithium=7 with release of & neutrine,
O an L-shell slectron may be captured and & hole left in the L-zhell
of the 1litbium atom. Ancther possibility is thet cne elsctron in the
H-ghel] ies captured by the nuelsus and that the other E.shel]l elactron
plus 2 peutring is releaged from the 1lithium, thus lsaving two holeas
in the K-ghell.
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Some discussion followed on gamma-rey emission methods and the
affect on elactrona., When a gamma-ray is emitted from the nuclewa of
a radiocective atan, the nmucleus may go to the ground state and It
ghrinks a 1ittle becsuse a nuclear charge re-distritution oceurs.

The orbital electrons sust readjust to the condition; however, some-
times they can not qulte make the adjustwent and so an elsctron is
smitted from the atom. Electrons may be shaken off during the process
of mclear charge readjustment end miclear regcil. The recoll process
in more important with molecules than with individual etoms, For
example, 1f emiasion occurs from the nucleus of an atom in e distomic
molecule and if the molecula sticks togethsr, it will be rotated,

An electron may be emitted from an atom by direct coulomb inter-
action by a particle, A gume-ray can interact with a shell electron
and the slesctron can be released by the Compton effsct, or by the
Raman effect evean though the mrobability for the latter effect 1s very
amall.

A methemeticel expression was derived for the probebility of
forming 2 daughter stom or a daughter meoleaouzle In apy firal state of
beta=ray decay or orbltal capture. The relatlonship between the lnitiasl
and finel states of the atom depended upcn the sum of the momenta of 22l
smitted particles (elaectrons mnd neutrincs).

The probability was derived in the case of E=capture far a dsughter
atom in the ground state to have: (&), ome hole in the E-shell; or (b},
two holes in the E-shell, It wes found that low and high limits of the
promabilitdes were small and came close to experimental results. In the
cage of alppa-particles emission the protability of an electron shaking-off
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is #mall, Thie is Becaups the alpha-perticle somes cut of the nucleus
slowly and in the meamhile sleotrons bave tlme to readjust the radil
of their orblits.

Studies of beta-ray decay of molscular tritiom show that the chancas
of forming 2 helium-3 tritium moleculs is about 50 to &0 per cent, This
is tased upon spactroscople dets fronm infrs-red srpepiments, The slsctrone
nsutren correlatien fastor depends upon whether or not the beta-ray and
the reutrine sre spltted in a mrellel direction,

Ten papers heve besn publizhed and two sre in rroceas of publication
an the affects of redicactiva decay of &n atom on 1ts elactron ahells.
Nuclesar decay processes and their sffects can be studlied and detected
in & mumber of ways. Sopa sxyperimenters uss Wilson cloud chembers and
photographa, cthers study the characteristic X-rays of the dzsughter
atome by using critieal abeorbers to be quite certain as fo the origin
of tha photons, The sagsisat method 1s te sxperiment with alpha-particla
gourcas, =incs no bsta-particis Bramsstrahlung peaks cccur to affect
acourate eyaluoation of the data. Gammdray spectrometry experiments
ware conductad with peloniom-210. The data wos swmlueted to show the
mmbar of slestron ajectlona from the I-shell for each alpha-partiala,
The sxpsrimsntal results were 17=1/2 times greatsr than the theoretleal.
Uther immsatimtors obiained good resulta for ¥-shell slsafron intar-
actione, tut poor resulte for Leshell intsractlicns. An sxplanation
from the Behr thecry wast that 1f the velecolty of the alphs-particle
with respect to the veloeity of the electron 12 cicse, the sleactron can
jump to the bound state (latch on to the alpha-particle) and bs carried

off into the contimmam. Sinec= thea L=zhall alsetron moves slower than
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the K-shell electron, perbaps the alpha-particele is more likely to
carry the Leshell eleotron with 1t,

An experiment was discussed which sindled the orbital elsctron
ajection in beta-ray decay. Sulfur-35 by giving off a beta-rsy
bacomez chlorine-25, By a clever subtraction methed on the plottaed
data, the effects of bremstrahlung were eliminatad, It was found
that the experimental resulte for E—shell sleciron ejection per
beta-ray agresd very well with theory,

The writer wants to express hle appreclatlicn for the epportunity

to attend this conferencs.
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