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United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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the effect will increase the decay consbant to
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forent somponents. In meoy opacs this is possible
put freguently ons encsunters 4ifficulty. It ls very valusble in thig
the eslneidonse nethod which maeles possible a mors

the assssciastlon betweon the different beta snd paoma
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. s : ; i 17
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as the result proved desizns for colneldence amplifiers with
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varnigh supported on the end of & pelysbtyrens tubs 2).
Thig tube iz fixed to 8 one ingh dlesuslsr metal rod so thal the saapls

slating of a oheveron seal and a gpbe wa Yo
fasilitate the rapid chanping of samples withoul o
ahamboer, The windeow of ar tube will met tolerate abasospheric
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a transuisslon factor of twoe percent and a ruselving

o

SOPTesY
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power of about five percent, The resolving power is bazed on the

percontags widbh ab hall mezinu of the ip value of & sharp conver-
gion lins, A disc smade of sluminus esn be lntrodused so thait ths ilaner
half of the 8lit iz blooked or coversd up, The transaisslon fmotor is
reduced to aboot one percent while the resolving powsr is lnorsaged to

about thres and one-half percent, A cylinder of solid lsad twenby

sentlnetsrs long la pluced axially bebwsen the goures and the Jel

: to prevent dirset gmwss redletion rem rescidng the counter.
The maln vacuws ghember ig evacusbed by a siz inch 4iiffusisn pump
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The power for the ceils of the spectremeter comes from a five

dete generabor. Current repulestion ls ascomplighed by sentrolling the

voltage scross the genwrator [leld, This is done to bellter than one

part in a thousand by the lolleowing method., The curreul passh

through the spectrometer ooll also pesses through an sdiustebls roesise

tance in series with the colil., The voltage sercas this resistance isg

aompared fo a reflevencs voll of & number of dry colls
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fied in o Pour

and the differsnce between these bwo e is smpll

stage oascaded dee. amplifier having & gain of
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inning of gvery run and Yo proe
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eaed only in the direstlon of lneoreasing current when in the region of

low energy. A curve of asasured relabive flux density sp & function of

the eoll current is shewn in Pigure 3.

5

r tubg ig connsebed to e guenching olroult snd o prosme

dosd time desiuned by ¥, Goldsworthy (sse
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19 . e 5 s -
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saintalneg the wveouva snd serves sg ap absorber for the beba radiatlon

from the source, Directly be!
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. Begsta 4 2 .
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by dry ice to keep Lhe nolse pulsss To e mininum,

P

nobomultipiier tubs go through an ioverter

The pulsss

and presmplifier sbage with o zaln of aboub Yws indo s wide band pulss
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saplifier conglsting of two throe~tube feed buek loops having a gain of
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about twenbyefive. The oubput of thls anplifisr goes to one channsl of
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HORL=-5E2
Erzpsrimental Resulis

?iarlZ?

The 14 dey tin sotivity was first found by Liﬁéﬁ%fgl

in somscbion
with the investigetion of spellation products from the high evergy
deuteron bombardment of antimony. He observed bobth conversion electrons

119 55 the basis of

apd gemma padiastion snd asgiinsd the agﬁivity te 8n
sross section erguments. HRecently Mihelich snd ﬁiilgg have azgigned
this sotiviby Yo Sﬁlz? by irradiating enrished igotopes of tin with
slow neubrong.

4 sanple was prepared by bombarding a thick target of antimony
with 100 Mev deuterons. Chemical procedures similar to ihose of Lindner
wore used o separate the tin. It wag necessary to use s large ancunt
of tin ecarrier (6 mg) es the tin is separsted from the antimony and
purified by selsctive precipitation as sulfides. & gource was prepared
by mounting the sepsrated tin on & Formver [ilm basking so that the
total thickness was about one ag/%mgg The observed sonversion electron
specbrum is shown in Flgure 8. Two conversion pesks ere present ab
1245 Kev and 180.1 Kev corresponding to the gonversion ef a gamma-ray
of 0s154 + 0,008 Mev; this value is sliyhtly smaller than the value of
0,158 Mev obtained in the preliminary investipgatlon of Mihelich and m1352,
From the value of the lifetime of 14 days and the energy of 0.1564 Mev the
%réasiﬁiag would correspond to a ohange in anguler momsnbtum of 5 according
to the emperimental and thesretionl classificabions of Axel and ﬁaaaaffilﬁ
The sxperimental value of the ratlo of the X end L sonversion slectrons
is 2.2 which mipght be subject to a smell error becsuse of source thick-

13

nesses With the vealue of é%% b the theory of Hebb and Nelson®® gives 0,95

a8 the theoretiesl /L ratio for electric trensitions and 2,85 for
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*B2ew
megnetic transitions. For magnetic transitions with X = 4 the K/L
rotio ig 3.88. Therefors in order to sccount for the K{i retlio 8
wixture of 2° pole eleostric snd 24 pole megnetic radiation must be
postulated,

The sbove energy values &re based on the calibratlion that one
smpere through the golle of the spestrometer focuses an slestron with
H of 13560 # 10 geuss centimeterss This calibration wes made for seven
different velues of Hps Four points were obteined from the K end L
photooconversion lines in 24 mg/om® of uranium by the 145816 + 0,0010 Mev
and 1,1716 + 0,0010 Mev gemma-rays messured absolubtely by Dulond and
aawwﬂrkarsggg Anobher two points were oblained fram the ¥ and L
photoconversion lines in 10 mg{éﬁg of gold of the 0.51079 + 0.00006
Mev posibron annihilation rediation also measured by ﬁaﬁenﬁaéﬁ A
finel point is from the 1385 H 2 "F® conversion line from thorium B.

0 used for calibration

& btypical photoconversion spectrum of G@g
purposes 1s shown in Figure S.

Coppeyr 62 » Zing 62

82

The positron spectrum of the ten mimubte Gu”™™ was first observed

by §riﬁtga@ea§§ in 8 ¢loud chamber. Nore recently Beoker~® studied
the spestrum in & bete spestrometer using sourses of copper foll whish
had been irradisted with 22 ¥ev x-rays [rom the Illinois betatron,

Hig method of obhservation reguired the use of rather thiek sources

{11 mgj%ﬁg} sinoe no chemical separation could be mede. Also because
63

af the short lifebirve of Gu™™ & number of samplos had 10 be used

making it necessary to normalize sach observed interval with the
precgding ong,

) , . , g2
& more convenlent method of observing the Cu  spectrum would
2

<

: T 8 29
be to use its parent zgéé 88 & SOuUrsss Zn% was reporbed by Miller
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) o - 2 . 5 2.1, £ f" 2 = b,;z s 41 52
as & K~sapbture ectivity with the half-life of 9.5 hours, thus the (u
formed by the desay of En 62 would appear to desay with this longer life-
timee A wemple of gﬁ 62 was prepared by bombarding a thick copper target
with 100 Mev deubercns in the 1B4einch syclotron. The resction ig
o 83 R - S, 82 4 b e 4 s .

u (8,%8)Zn"". The Zn"° wes seperated by first electroplating oubt the
majority of the copper and then performing & cohemical separation on the
remainder. Only aboub 100 wmiorogrems of sarvier was added so theb a thin
source of gboubt Ol ggjé@% thickness on & besking of Formvar [iln was
prepared. The bete spesctrum ig shown in Figure 10. There sre three
fentures in this spechrum, & high energy positron component arising from

the decsy of ﬁaﬁgg & lower energy positron somponent from the decay of

ﬁﬁggg and two conversion peaks ocorresponding to the ¥ snd L sonversion
lines of a 41.8 + 0,8 Kev pgawma~ray following the descay of %ngg since

the energy separatlion of the K and L lines is Just egual to the difference
between the ¥ and L binding energies in copper. AL this low ensrgy the
absorption of the 0.4 gg/%a aylon window of the Oelpger counter begins

to have some effect so thel the K conversion pesk is probably absorbed
slightly more than %h@ I, sonversion peak. Hense the osbserved ratiec of
the K and L conversion electrons would set & lower limit on the actual
ratlo. This retlo is epproximebely 6.4 and would correspend to either

gn electrie gr megneblio dipole bramsitione A Ferml plot of the posibron
spectrum 1 shown in Figure 1ls The upper limit of the ub? g@si%éan

spectrum obtained from this plot is 2,92 + Q.02 Mev and is sboul two
ﬁ

L

percent highor then the velue of Beoker® Subbraetion of the extra=

" polated streipht line Ferml plet foy oub? from the total spectrum gives
the Fermi plot lor ngz shown in Figure 12, The upper energy iimit fov
62

Zn"" is 0,660 ¢+ 0.010 Mev, The ocurveturs in this Fermi viet can be
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% fes
abbributed to 8 small amount of back goatbering irom the much more intense
gud? speotrums The half=life of z0%% 18 9,35 nours es indicated by
Figure 13. Comparison of the number of positrons in btoth the gggg and

62 speotra indicates that 2052 decays about ben percent of the

the Ca
time by poslitron emission snd the remainder by Eewvapbure. According
o the Perml theory of beta deosy posltrons should be emiltted twentye
five parcent of the time. This sort of diserepsncy is common beceuse
of the vory sbronpg energy dependense of the probabllity for positron
smissions Perheps & slight error in the upper ensrgy delbermination
would mccount for this differense. The nuslesr matriz elements should
be the game for bLobh E-gepbure annd positron enlssione Howaver, another
somplication 18 the lack of knowledge of the branching retic of the Zno>
desay where the decey mizht teke place to two states separated by 41.8
Reve This would be difficelt %o debermine without ezxperimental knowledps
of the conversion seeffislent. The Gagz hes & £ 7, value of 13.4 x 10t

2

and the Zﬁg has a f“fg value of Bed x lﬁé (taking into mgeount the

deosy by K-gapture snd positron emission) which experimentally olassifles
both spectra as allowed,

Abzorption messurements heve indiceted a naximum energy of Z.86 Mev
for the pesitron speotrum of §ﬁ§2§ Because of the very wide disgrepancy
ef the values of the upper energy limli obtained from beta spscbrometers

end from absorption, susplelon was pub on the validity of Peather's rule

63

for high energy positrons, 3Since the Gu = sobivity is often ussd as a

moniter for hard gamme rediatien from synchrobrons and betatrons, it
was thought bo be profiteble Lo seke s careful shesk to ses i abgorption
bechniques could make & good determination of the upper energy limit of

3%

the posibron spechbrume Absorptlon curves for both Zﬁgg ¢v§a€ and ﬁgﬁg
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wl(=
samples were made exerclsing great care Yo keep peometry for both semples
the same, Correablions for decsy of both sample snd bachkpround weres made
sinee snnihiletlon redistlon ascounts for vart of the baskground, Absorpe
thon eurves sre shown in Flzures 14 and 15, 80d the Peather snslysis is
ghown in Flgures 18 snd 17, The value of the upper 1limit obtained is
4,15 Hev, far hizher than other absorption meagurewents, The only
gonclusion that can be drawn is that Peatherfs rule is valid but the

experimental method iz inhereastly lnsccurate.

Indivm 111

3
The investigation of the 2.7 day Keoapture activity of In*lt was
%
undertalen in conjuncilon with the other isobaric asctivities Agzi* and
1391 i) & Fal 5 2 o & . 5 3 Z ‘S
Gd>**s This activity wes {irst lovestigeted by Lawson end Oork™  who
raported conversion lines oorrespending to gamme enerziss of 0,173 and
0847 Mev. COoincldence measurements made on these two pamms-rays by
29 , ' :

Bradt 9 show that the twoe gammes are emitted in cnseades The sampls of
i1l Y e X ,
in was made by & (Y ,2n) resction on silver, and a sourcs was prepared
of a few agg%mg thickness including the nylon filw backings The spectrum
was taken and is shown in Fipure 18,  Four cowversion peaks are present

having snergles of 142,85, 164.8, 216.5, and 230.,9 Keve The first twe
values sorre@pond to energies of ¥ snd L eonversion lines for a tranzitien

of 0,169 + 0,004 Mov in ceduium., The latbter two peaks correspond to a

@§2%$€i De00% Mav transition in cadmium.  PBesause of the pether hirh

L€

threshold for the reection 1t was thoupght that some positron emission
might be present. & search for posltrous with the beffle deseribed above
proved wnsuscesalul.

The 0,243 Mev gemmesray 18 ithe same as the one cbserved im the desay

af the Sélgz'isamaf #wilch has an upper state of 48 minubes helf=life and

whish desayes with the emission of a highly convertsd 0.149 Mev gemma=pray.
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The ratlo of the conversioun coefllcients of these two gammesrays has

#

o

sen measured by ¥re. U Lo Mo@innis with the spestrometer described
here, le {inds the yatic of the mumbor of convsrsion slsotrons for the
0,148 and 0,243 Yev gemmss o be sboubt 10 With this informetion end
with the knowledge thet the two gammaerays origisabing from the Enzll
deeay are in cuseande onme should be able to form & decsy socheme in which
the experimentally observed feslures would serve as a cheak on the
thesretical oconcludions., From the lifetime and tﬁa>sﬁarg§ of the gatlld
isomer one ean find thel the btraneition sscording to ths slagsifisabtion

A 4y 11 " .
of Azel and Danseff™” invelves a change of four unlts of anguler nomsnbum

gnd from the rebtlo of the K/L conversion sloctrons the transition is an
2

558

e@lestrie 87 poles The sonversion coefficisnt aseording te the tables of
ﬁég@l% would then be Teds Then the comversion eosfilclent Tor the 0.248
Havy gamﬁa»ray iz 0.087. fé@ ratio of the number of conversion slsclrons
rom the 0,160 v bransition to the number from the U.243 lev transition
is 1.7, Again fros the tables of lose i one takes ralblos of K sonversion
soeflicients for the two tremsitions for ell pessible combinsmtions of
multipole @?é%?ﬁyhaﬁh elecbric and magnetic and compares them to the
experimentally cbgerved ratio of 1.7, all transitions e&n be ruled outb
éﬁ@@gé where both bransitions ars both electric gquedrupele or megnetie
dipole. Deutsoh®® has shown that the half-life of the 0,243 ¥ev stabe

bont with en slectrie guedrupols

<)
S
;,..1‘
sl

i3 8 x 10”8 second, which is nob $ncor
&

0 2O

2, 8 ?i,
transition, Thess transitions glve 180 = 2,74 and ”?%§§W%‘§$§?5

gi
248
A1l ratiog lower thau 1.7 can be ruled out as contrery to observed factsg

5 g e s . - 111
all those much larger would indicate an excessive branching of the In
‘ ‘

LR s
o
5

K=gapture decay Lo the lower state. However, in order to reconcile the

disagrecment belweon 1.7 and 2.6<8.7 a brepohing ratic of aboub 35 percent
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would heve to be pestulabed, 3uch a decey schems iz shown in Figure 19,
It would be consisbent Lo esslpn the same or one more degree of forblddens
ness to the transitlon e the lower stabte, as positron radietlion doss not
oocuyr aud the treunsitlon probebility is sbout the ssmes As vaguired by ,f
being even the parities of all atubes of %ézgl would be the ssme, The

zpin of @ézgl

in the grownd state is 1/8 so the spiu of the 0,243 Mev
level would have to be 5/2 and the 0,410 Mev level 9/2. The spin of

the isomeris state would have Lo be 13/2 on this basis,

The study of the 7.5 day égzzl wes undertaken ln eonunection with

the othey lsobaris scbivities Zsizi and ﬁéil; in order bo correlste the
deesy scheme shown in Flpure 19 in connsetion with ths disgusszion eof

il

ggizl hes besp studied by a number of iﬁ?@&ﬁigatgysgisgg who by
sbaorpbion meassurenents deternined that thers was n0 apparsnt germe
radigtion besldes s eonbinuous bebta spectrum with upper limit eround

1 Bev, In order to confirm this & sample of égié; prepered by separsbing
gilver from palladium %ambaré@é ﬁitﬁ neutrong wes mouwnted on a nylon £ilm

go that the total source thickness wes of the order of & few ﬁg,@ﬁga The

obe speobrum was oxamined guite sarefully for sonversion slectrons

1L

o

partisularly in the reglen of the conversion lines of In No evidence
was found Tor enybhing bub s simple beta spectrum whish lg shown in
’?iga?s 40, A Ferml plot of thiz spsetrum 1g shown in Figure 21. The
upper energy limit lrom this plot is 1,04 + 0,02 Meve The fact thet no
ganma transitlons are observed reguires that sny bransition to an upper
state be at least once wore forbidden than the one %o the ground stede.
Thiz requires thab the paritise be the same for the initial and final

atatea otherwise the degres of lorbiddennsess would bs the sams to the
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4

ground sbats snd the first exoclied

i

stabes However, meking the parities

the same makes the transitlion to the ground stste allowsd. The £ 7

first forbidden

2

valug for the %@111 bata spsotrum classifies 1% as

transition. 8o probebly there is an sadditional selesbion rule operating,

Birlem |

&z was mentloned esvliey the spsctra of forbidden trensibtious

mey in some csges be expsched Lo have shapes different [rom those of
allowed transitions. The exact form of the momenbtun distribublon in such
sases will be determined by the form of the partisuler interesctlon betwsen
the nuelson end the slectron-nsutrine field that is assumed, Since the

fo i ;éﬁﬁeg factor may be dominebted by berms whish ars nol dependent op
energy or if sclection rules other than those on gpin snd parily operatls
80 &8 to increase the half=1ife, it ia §§§$iﬁlgifﬁ? g onpe forbidden oy
twice forbldden spectrum Lo have an allowsd shape. The shape of an
sllowed spectrum is determined by bthe statisileal dlstribution of the
nomenbum between the slectron snd the neutrine snd hence glves no direct
uniqueness e the Iorm of the interastion. However, a distribution
different from &n allowed specbrim would be consisbent with a theorstical
deseription, ﬁﬁlv two types of forbidden zpecbra have besn found te dete,

58 and a group of slements

137

notably the ReE speotrun lnvestigsied by Heary

o ; £ 2
having the same type of specirs §%Qg Br gg ¥%E§ and Gs invesbtigated

: . B4 3 ZE ES . " . e rayamdemd £
recently by leangey and WuvY, The BsE specbrum can be sscounted for
but the %ggiaggﬁéaa involves sonsiderable arbitrariness in the evelus=
tion of several matrix elemsnts that eppear in the lorbldden factor. As
s result, one camnot come to definite sonclusiond regerding the Lype of

interection on the basls of the BaE spesirus.



BL e
In the tensor interaction (CemoweTeller seleotlon rules) when the
digintegretiocn invelves a spin chenge of ons unit higher then the degres

B

of forbiddenness all bul one of the nuslsesy sabtriz elements venish 30

thaet & unigue speotrel distribubion is predict

{7'»,.

wds  The above four lsctopes
are all found to have this distribubion which lends & grest deal of

welzht o the valldity of the CGanow-Telley selection rules espscially

3 ; 5 : &
since the nuclear shell structure unalysis of Feenberg and Hesmaok®

. ; , , 9 . «.B9
prediets m spin change of two units and & parity chenge for ¥ and Sr .

The unique energy dependence differs from the allowed shape by the

?2 * {%’@ - ?g}g

where the Lerms corvespond Lo the squares of the slectrenta snd the
neubrino s momenta. If cue made & Fermi plot of the spectrum as one

does sonventlonally e devietion fvom s sbtrelght line would be expected,
Howewer, 1f bhe velues of the conwventlonal Ferml plob are divided by
- g A
S e IR , o "
the fasbtor |p° + {ﬁé - ﬁ}fj ¢ & straight line should resulie
L -

" P
Through the kindpese of Dre Jde We Golnman o sample of ;’é

o
{7, = 68 hours) chemisally seperated from ite bete ective parent 9
{7, = 25 years) was furnished. The ssmple was mounted on a film of
Yormvar forming & source of aboub 0.1 ag/%ﬁg average thiokness. The

Permi plot of the spestrum is shown in Figure 228 showling the delinite

nonlinearity cheracteristic of this inbtersoction. In Figure 335 the
[ .2 | a;g

ssme spechrum has been divided by the fseotor | s (W = W)®
5 i LN

and 1t is seen theld & very good strelight line 1% is obbained over the
TR PO £ LI 353 5 7y G ?gi} 5 . 2 ..k 5 #
major portion of the speotrume. ;hg yalne of the ¥ end paint is 2.380 =«

%

0s02 Hev which is slighitly higher then that observed by gﬁﬂ@@?gég
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Tin 128
The 8.5 day tin astivity has been tentatively assigned to 8%y

z%?

¥ewbon and MHoDonel by the bombardment of enriched isobtopes of tin by

deuterons ﬁiﬁﬁ the 60-inch Berkeley cyclotrone. This essignment may be
open Lo some question since three isomers must be plaeced ab gﬁigge
Besides the 0.5 day pericd a 39 minute beta period hes been cbssrved with
an upper energy of about 1.7 Mev mocompenied by s 0,17 Hev geamms aund the
sntbinony x-raye indloamting that the 38 minute aetivity desays te an

excited state of 35125 followsd by gemme emission Yo the ground stete,

the pemma being partislly converted, Another activiby assigned to 33123
is e 130 dey period with e bebte energy of aboubt 1.6 Hev and nuo gamms.

Absopption in aluﬁigﬁms?

of the 9,5 day period indicated the presence
of & gammaeray corresponding to 0.4 percent of the btetel redistion, low
for & gamwma~ray unless 1t is highly converted. Lesd absorption curves
on thig radietion indleated the pessible presence of a 1.5 Hev panme.

& zample of the 8.8 day tin made by fission of thorlium with deuterons
and ssparatved with BQ misrograms of sarrier was furnished by Bre 4. B,
Kewton. The beta spectrum was investigsted by mounting a smell portion
of the sample on a nylon film 0.4 mg}%mgg the film socounting for the
mejor thickness of the sample. A Fermi plot of the beta speootrum is
shown in Filgure 24, It wes nobed that this spectrum has the same
general shape as the forbidden spectrum of gg@s The fﬁ;é?ﬁim% of 8.7
% l@g for the 8.5 day tin lndicsates thet the spectrum iz in the second
forbidden olassificetion as is 1°°, Division of the conventional Fermi
plot by the factor iN§g + (%é - §>g”§1/§ gives the Permi plot shown
in Figure 26, A straight line relationship is now obtained lor the

larger portion of the spscbrume A low energy beba apectrum is present,

belng about ten percent of the latensity of the hirher energy spesirum.
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Both speetre appear to decsy with the same lifetime. In Figure 26 i3 the
Fermi plot of the low energy somponent when the extrapolated contribublon
of the high energy distribution is smbtﬁgﬁteé oute The wvalues of the
upper onergy limits for the two bete spectra sre 2,58 + 0.02 and 0400

+ 06008 Mave The remeinder of the semple was placed in & copper radistor
and é search wes made for the Compbon sleotroms {rom sny gamma redisbion
pregents The results wers negative indicating that il there ls any pesa
radistion present it ls extrenely weai.

The fact thet this speotrum has s forbidden shepe is in agrsement
witﬁbtﬁg £ v, valuee ‘Th@ shape could herdly be attributed Yo such
things as source thisckness or resolving power, the mejor differences belween
beba spaobrographs. %ﬁsg has made experiments with ¥§; veayrving these twe
quantities. Inoreaaing the gsource thickness btended to straipghten ocut the
Fermi plet beesuse of greater back soattering ab the low eunergleg. Varye
ing the resolving power had no eflfect on the shaps, |

Little eignificance gen b%}@ﬁt on the ourved ghape of the low
snergy somponent ginee the sa@%ﬁagti@g process is subject bo large errors.
The back scstlering of the high energy spestrum is not feken into account,
hence s small number of scatisred electronms will appesr benlold in the
low ensrgy gsomponenbts It iz most puszzling that there is no gemme radige
tion whon e brenshing rebtie this large is shaerved. Abtempbs to soperels
an anbimony daughter from the 8,5 day sebiviby zet a lower limit teo the
sntimony half-life of 200 g%arsg?s

The 2.3% day sotivity of sadmium wes found by Cork and Thornton®?
whe bembarded cadmium with deuterons. They found that chemieally separated

cadmivm increased in ectivity for e short time before begluning to desaye

Subsequent gsepsrations of lndium from the cadmium showed thet the eotivity
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=lie
desayed with a halfelife of 4.5 hours. This 1s the well known isomer of

Eﬁziga Lewson and 8§?§%Q

investigated the beba spectrum of ééiié and
found what eppears to be a complex bete aspscirum with g@ @ 1s13 Hev, In
addition two gammaersys were found. The firat wes highly converted end
corresponded to the 0,337 Mev pamme observed in the 46 hour indiwm. The
cther garme was much weaker and had an energy of 0.54 Mevs They postulated
& degay ssheme shown in Flgure 27

_ In. the courss of the imvestigation of the 48 dey %ézgg & gample of
the éagé day &ézlﬁ was prepared, This waa done by & {d,p) rescbion on
caduiun necessibeting a sample of several mg{é&g thickness %@gaase of
the low specifis &gﬁi?iﬁyg The beta spesctrum shown in Figure Z8 is
sgsontlally the sane as that observed by lawson and Cork. The conversion
line has an energy of 0.306 Mev piving a gammesray energy of Qe35%ti
0,008 Meve A Formi plot was made of the portion of the speobrum not
ocbaoured by the sbrong conversion 1ine and 1z shown in Flgure 2%
There are two discontinuities corresponding to the two end poluby of

118

the 2433 day © beta specbrums The high energy portion of the Fermi

11 ;
118 isomer. The upper limit of the beta

plot poes with the 48 day 0d
spectrum to bhe lsomerie sitate i%‘iéigii 0608 Mev while the low energy

bete componsnt hes en upper energy of 0s88 + 0.10 Meve The poor resolue
tlon of this wvalue is due wmalnly to the thiek sourse. A phoboelsciron
speobtrun using & pold radliator of 10 @g/%ﬁg hickness iz shown in Flgure 30,
The energies of the ¥ and L photoconversion pesks are 252.,0, 3$18.1, 442.6,
and 511.0 Heve. The first two correspend to a gavsme-ray of 0834 + 0,008
Mev end the labtter two correspond to a gammaeray energy of 0,528 + 0,010
Meve These values are lower but sgree within the probable error with

the values of Lawson snd Gork. The bebae treansitions to the two upper
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. wiife
states of ;ﬁzié probably have the sems degree of lorblddenness. The
£7,, velue of the 0a'% veta is 8.6 x 10° indiesting & first forbidden
spectrum, The higher energy component of the bete apecirum can be first
forbidden and the lowar energy component can be allowed, but begause of
the sirong energy dependence of the transition probability the transitions
will be slightly fevored alonpy the first forbidden psth. Since the
0.828 Mev pamma 18 not sonverted it ls probebly & simple dipole radiation.

The lifetime of the 4.5 hour state togsther with the trenzition energy

of 0354 Mov indieste meccording to the clessificstion of Azel and Eax&af?éi

& change in angular semenbum of & requiring & spin chenge of at lesst 4
and & parity shange. Using these date one oan oonstruet 4 level schews
with splns end perities thel will be consistent with observation, Une

115

assumes even pariby for the ground sbats of In and the gpin has been

messured Lo be 9/2. The first excited stabe soculd have & spin of 1/2 and
odd parity snd the next exoited state sbove it san heve a spin of §f§ and
aven paritys In order to meke the beta transition to the 4.5 hour state
in 1&315 first forbidden and sllowed Lo the next higher sltete, the spin
ghould be 1/2 with even parity. The level scheme agress with that

proposed by Lewgon snd Corks

118 4l

The 43 day sotivity in Gd was first reported by Sork and Lawao

£

who notieed & lonz lived acbiviby after the 2,33 day oomponent hed died

, -y e o o P4 Lal gt 16 , . 42
oute This actlivity was mssipned definltely to Od by Beren end so-workers
by bombardment of cadmium with slow neutrons end by n,p resctions on indium,.
To investigate this lsomeric seblivity & sample wes obtained frowm Cek Ridgse
e P T T nadd8 5 P A

The semple sonsisted of e millicurie of 04 in asveral grams of cadmium

motale Booeuse of this low spesific setivity s soures of considerable

L .o e - A R s
thickness (10 to 20 mg/em”™) was required. The beta spechrum isg shown in
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= e

Figure 3l. The two converslon lines at the low surrent sre due %o a

108 _ iog
Gd eontaninetion of the sarple. The 04 is & K capture sotivity

108

decaylog to the &g imomer which emits econversion electrons corresponds

I

There iz a very small conversion pesk

ﬂ"”ﬁ

ing to u 88 Kev transitlon.
gorresponding to the 0,534 Mov pawmmseray. If one sgpumes that this ganmse
ray 1s aboub B0 parcent comverted, then sowmparisen of the ares undey the

s - , ; wd
peak with that of ths tetal bels apectrum indicates that aboubt 10~ of

the digintegrations po through the 4.5 hour isomeris state of Zﬁ115¢
; , . , 8 .
A Permi plot of the beta spectrum of Gd is shown in Flgure 38,

The large curveture at the low snergy portlon is due mainly to the

:

soures thickness which introduces conslderabls éggk soatbering, However,
a branching ratlo is indiceted by the presence of the 0.33%4 Mev convers
gion line and this would ascomnt for the presence of the lower snergy

componentss The upper 1imit of the beta spectrum is 1.68 + 0,02 Hev.

118 118

Thig walue would place the 43 day Gd isomer ahove the 2,38 &4

s

isomer by 0.2 Meve Since no evidence for such a gemma=yray has been
. ' . 8 y
fousd the gemma treansitlon must correspond to et least a 2 and vrobably

% 2 2 3 . 3 # 3 A
e 2 pole transition.s This would requlre that the spin of the 45 day

L1156

cd would be 13/2 and ite perity even., This agrees with the faect that

118

the trangition to the ground siabe of In i8 seeond forbidden. The

coment of splna to the two lsomeric states is alse in agreement with

El% 116

the faet that in the reactlon 04 § )84T with thermal neutrong

e

the orous gestion of the 3.5 day period lg elght timess that for the 48
. 3 1§ 1 . i 3 9 =t ,

day poried s The dessy scheme i shown in Flgure 33, Resent work

stlll in progress indicates that there sre other levels in ,Zlgs One

level hes been found 0225 Mev sbove the highest level in Figure 23,

Bridence consists in the observabion of photosleotrons from & 40 mgféﬁg
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4 T
uranius rediator corresponding to pamme~pay energles of 0,28 lev end

& oross over ganme~ray of 0.6 Nev whileh is the aum of the 0,83 and

the 0,82 Mev transitions. These energles are consistent with levels found
an 48 % 4 7 T 5 -y . 5 £33 4y A 3 &

by Waldman by exclteblon of Indium with x-rvays. He findes levels of

G 87 Mev and 1,08 Mev above the ground sbate. The sross seotion of the

latter i%?@i is mush largzer. B8ince he ocbserves no direol exeitation of
&

the 0,354 ov level one can say thet the spln of the 1,02 Mev level is

%

helf-way intermediate beblweon those of the ground state and the 4.6 h

&

level, Other wradistions not yel correleted have beon found,
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The Tollowing six figures conbain schematie diagrams of the
electronic circults developed expresaly for use with the beta spectroe-

meber degeribed in this papers

Figure 34 = Schemaltic Dimgram of Gensrator Fileld Bupply
Figure 38 » Schematic Disprem of D.C. dmplifier

Figure 58 « Schematic Diagrem of Uelger Counber Preamplifier

# # ® Saintillation Countber
Preamplifiey

af Pulse Amplifisr

57 » Sohsmatic

3
e{wu“
w
b
&
2

Figure 38 « dohewetic Diagream of Coincidence Cireuit

igure 28 -« Schometlo Diagram of founting Rabe lMeter
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