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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
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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TABLE QF THE ISOTOPES

' G. T. Seaborg and I. Perlman

bepartnent of Chemistry and Radiation Laboratory
University of California » Berkeley, California

The following table represents e complete list of all tho artificial
-and natural radioactive 1sotopos and stable isotopes, together with a number
of their important features covering information available by approximately -
July, 1948, through publications, private communications and almost all of
the restricted distribution reports of the U. S. Atomic Energy Commission,
‘the former "Manhattan District", U. S. Army Corps of Engineers and the corres-
ponding offices of Great Britain and Canada. With very few exceptions the
oriterion for listing a radioaotivn isotope has been the actual observation
of‘ its radiation. A , . :

The firast aolumn lists the atomic numbers and mass numbers of the iso-
. topes. The supersoript "m" following the mass number denotes a metastable
isomer of measured half-life of either a stable or unstable ground state
but the isomeric transition need not have been observed.
In the second column headed "class” the degree of certainty of each
isotopic assignment is 1ndioatod with a’ letter according to the tolloving
o'odez '

isotope certain (mass number and element oortu:ln)
isotope probable, element certain

one of few isotopes, element oerhin

element certain’

elemsnt probable -

insufficient ovidonce ,

Mo QW

In most ocases the clasa is determined by evalutting the uniqueness of
the assignment throtgh chemical separation, reaction type and yield con-
siderations, genstioc relationships, and type of radiation. In a few ocases
newer techniques have been used. The term. "m.s." in the second column
fofers to the identification of the mass mumber by means of a mass epeotro-
graph, and "res.n.act.” (resomnoo neutron activation) refers to the iden-
‘tification of a nuclear isomer by observing both isomers upon irradiation
with filtered neutrons. . With the mass speotrographic essigment o} mass
humbers thero are some instances in which the mass number is lnown with
greater certainty than the element.  Such oﬂses are isaigned the appropriate
code latter such as "B% f£ollowed by "m.8.".
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The percent abundance of the stable isotopes is listed in column three.

The fourth column 1ists the type of radiation, with the following mean- ' .
ing for the symbols:

= negative beta-particles (negatrons)
= positive beta-particles (positrons)
= gamma -rays %
= alpha-particles ‘
= neutrone
internal-conversion electrons
E-electron capture (or in more general terms, orbital

electron oapture)
I.Te= isomerio transition (tranaition from upper to lower
isomeric state)

m.o'ﬂ f -('co;m.

In tho cases where it is certain that no gamma-rays are emitted, this faot
is expressed explicitly in column seven by the term "No Y". Annthilation
gamma~-rays and x-rays are not listsd. It may he assumed that x-rays have
been observed or actually identified in almost all cases of orbital electron
oapture listed.

The half-life, followed 'by the relevant reference, is given in the
fifth colunmn. In most cases the determination is direct, either by measur-
ing the decay rate, by weighing a long-lived isotope of knownr purity, or
by comparing the aotivity with that of a genetically related isotope of
imown half-life.’ A number of half-lives are known only from the yield of
aotivity resulting from a nuclear reaction of kmown or estimated oross
seotion. Half-lives estimated in this manner are indicated by the tem
"yield". Usually for the cases where more than one value for the half-
‘1ife has been reported, en attempt has been made to list the best value
(an experimental value thought to be taken under the most favorable condi-
tions) rather than a mean value; more than one value is listed where a choice
does not seem obvious. Among the natural radioactivities an average value
1(3 _of)'ten used which was taken from an internmational committee summary report

c60).

In the columns headed "energy of radiation®, the energy value is fol-
lowed by the oorresponding reference and by a description of the method
used for the energy determination. The beta-particle energies correspond vJ
to the observed upper limits of the spectra; in those cases where only the
Konopinski-Uhlenbeck (E32) extrapolated value has been reported, this is
listed, followed by tho designation "K.U.". For alpha-particles reported
only by a range the "mean renge in air" vs. energy relationship of Holloway
and Livingston (H81) was used. The methods used for the determination of
the energy of the partioles (alpha and beta) are desoribed in each ocase
with the aild of the following symbols:

abs. = absorption

ocl.ch. = cloud chamber (with magnetic field in case ot
beta~-partiocles)

spect. = magnetic deflection (magnetic spectrograph or
spectrometer or counter with magnetic field)

ocalor. = calorimetric msasurements

ion. ch, = msasurement of pulse sizes in ioniszation chamder
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coinbid. abo. = boto- and gaman-colncidence counters with
absorbora
coincid. = bota- and gamma-coincidonso countors (for infor-
mtion on doony gohcme; data not nooeooarily used in
the tablo)
spoct. coinoid. = coincidence countera armngod with a
" magnotic fiold

Tho alpha-particle onergies listod, whore more than a single group
exists in high abundonco, include the group of highest cnergy and those
- groups with abundanco greater than ton percont. Convorsion electron energies

are listed only when it is not knowvm in which ghell internal conversion takes

place or when no attompt was made to relate tho olestrons with observed or
unobgervable gamma-rays; in all othor casos roferemce is given in the column

for gamma-roys.

The symbols used to doseribe tho methods employed for the detemin‘ation‘
of gamma-ray enorgies havo the following meaning:

abs. = absorption

¢l. ch. recoil = gecondary clectrons in cloud chamber with
magnetic field

cls oh. pair = positive-oclocotron pairs in oloud ohambor with

' magnotic field

coincid. abs. = geocondary eleotrons with coinoidoneo oountou
end absorbers

gpoct. conv. = intornal-oonvarsion eleotrons with magnotio

‘ gpsotrograph or gpectrometor

spect. = secondary electrons with magnetic spestrograph or
spectrometer

oryst. spoot. = diroct msasurement of gamma-ray onorgy by
diffraction in o erystal

abg. of o~ = absorption of intornal-conversion electrons

abs. sec. e~ = abcorption of secondary electrons

coincid. = moasuromonts with gaomma-gamma coincidence counters
(for informtion on decay schemo; data not neccssarily
uged in the table)

Be-Y-n reacstion = moaguromsnt of neutron energy from.
Bo-Y-n rcaction

D-Y-n reaction = meagurement of neutron onorgy from
D-Y-n reaction

Vhon intornal-conversion olectrons aro omittod, tho onergy listed in this
ocolumn 1o always that of tho eorrosponding gammo-ray transition. Only tho
moin gamme-rays aro lictod for the natural radipactive isotopss. In a
fow inotnncocs in which a vory chort lived mstaptable state hag boon iden-
tifiod ac tho daughtor of tho isotopo in question, tho gammn-rays of the
daughtor iy bo listod for both paront and dnughter.

Yhon o 'conicolon is ugod, it @oono that tho values listed on cach side
of it aro indopondont doterninntions of tho cams itom, 0.g., indopondont
doterninations of tho half-lifo or of tho onorgy of the radiation of o .
radionotivity. In anothor ucago tho gomicolon ceparatos tho symbols in the
¢ypo of radiation” columns whon thoro is moro than one typo of doeny
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(B-, B+, a, K or I.T.) for the radioactivity.

. The observed nuclear reactions (giving the target element, projectile
and outgoing particle, in order) by which the radicactive isotopes are

formed, and the corresponding references are listed in the last column

(p = probon, n = neutron, a = alpha-particle, d = deuteron, t = tritium or

. triton (H )s ¥ = gamma-ray, e~ = electron). In oases in which the target

matorial is not the naturally occurring element but one enriched or depleted

in a particular isotope, that isotope is indicated. No means for identify-

ing the source or energy of the projectile is given. For example, deuterons

varying from low energies to 200 Mev have been used. In many cases, with

high energy projectiles, multiple particles are ejected. A reaction such

as (d-apZn is a formal presentation showing what the outgoing particles

~ might bé and does not mean that the order of leaving the nucleus was de-

termined nor that the a, pand n were identified.

In some cases where the path for teaching'the product nucleus can even,
less definitely be stated the reaction is presented .in the form (d-3z10a) .
where "3z" indicates that the product nucleus is lower in atomic number than
the compound nucleus by three units and "10a" means that it is lower in mass
number by ten units. Where the same isotope has been made by spallation of
various harget elements with high energy perticles this is indicated by the
symbol "spal." followed by the symbols for the target elements.

Stable product nuclei which have been identified by means of the mass
spectrograph are indicated by "m.s." following the reference. The neutron-
induced fission reactions of the heavy elements are designated by such
symbols as U-n, Th-n, Pu-n and Pa-n, while the gamma-ray, deuteron and
alpha~particle-induced fission reactions ere desigmated by symbols such as
U-¥, U-d, and U-a. Usually, but not always, "U-n™ will mean the slow neu-
tron fission of U235 while "U-d" or "-a" designated fission products arise
from U238, In this last column the method of production for each radio-
active fission product is desoribed by these symbols (U-n, etc.) together
with the designation of its radioactive parent and its radiocactive daughter
when these are known. Similarly, for the radiomsctivities of the heavy
netural and artificial families there are listed the immediate parent and
daughter isotopes. The natural radiomctivities without parents are listed
as produced by a "natural sc'urcc", followed by a reference to the discovery.

Some of the data entered in this table were taken from restricted
distribution reports which are not generally available. These have reference
numbers from 100-199. References to the open literature have numbers below
100 or over 200. No attempt has been made to list all of the publications
or restriocted distribution reports connected with & given radioactivity since
it has been the aim to keep the table as compact as possible. As a rule
references to the original papers are not given when better data are avail-
able in more recent publications. The references which are listed usually
give a key to the complete literature.

Those references designated by "NNES-PPR" refer to papers which will
appear in the forthcoming National Nuclear Energy Series - Plutonium Pro-
Ject Bscord. Similarly, the symbol "AECD" refers to a declassified U. S.
Atomic Energy Commission Dooument bearing the indicated number. Since
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it was not pouiblo %o check all papers for numbering changes, the paper
- title is being included in the bibliogrephy t aid in identifiocation.

It is & pleasure to acknowledge the assistance through helpful dis-
cussions of Dr. T. P. Kohmean and Dr. W, H. 8ullivan, and to thank many of
the authors whose work is oited for their aid in ewvaluating data familiar
to them. We are also grateful to Mrs. Lorraine Petch and Mrs. Jane Wulf
for their painstaking work in the preparation of the manuscript. '
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. V in Mev Produced by
Isoto Class Percent Type of Half life Energy of Radiation
2 B Abundance Radiation Particles Y rays
1 8 99.9844 (§70)
# 0.0166 (E7)
V a’ A B~ 12.1 yr(Né6); 10.7 yr | 0.011(W60) abs. No Y(G133) D-n-v{2101)
(G60) collodion; 0.015 D-d-p{A7,416)
(03,N6) abs., ol.oh. Hes-n-p(CISZ,Hlss)
Li-n-t(04)
Be-d-+(06,A16)
B-n-4(C16)
F-n-t(C15)
2 HeS 1.3x107%
(A7, (F35,A34)
A30)
Hot ~s100(T20)
He® A g~ 0.89 sec(H120); 0.8 3.7(B1,B2) cl.ch.; No v(?)(s81) Li-y-p(B83)
sec(Bl); 0.85 sec 3.5(S81) abs. Al ~ | Len-p(K1)
(s81) Be-n-a(B1,P1,B3)
s uf 7.39(1104) '
17 92.61(1104)
118 A B ,2a 0.89 sec(H78); 0.88 12(8”)pt) ol.ch.; 12 No v(R25,B4) Li-d-p(C1,L1,R14,D1)
. see (L1,H107) (B~)(013 ) abs. Al Li-n-Y{X1,H107)
g;;‘l(::;lz:;;cin, mean at . Li7-n-Y(Gl42,H78)
: Be-Y-p{013)
B-n-a(L24)
4 Be A K,Y 43 days{R13,A18) 0.485(Z1)ooincid.abs.; | Li-d-n(R1,R13,21)
' 0.476(R44 Jabs.Pb; Li-p-n{H30,H2)
0.453(895) spect.; B-p-a(R1,M1)
0.474(25) spect. B-d-an(M63)
Be® A 2a 1071510717 ceo (ws1) 0.058 (H64) ton. ch, Be-Y-n(C53,H64)
cale.
Be? 100(N30)
Be10 A g 2.5x10% yr(uss); 0.560(M65,M85) abs.Al; | No y(M65,L78) Be-d-p(M65,L78)
(P48)m.8. 2.9x10% yr(H73) 0.68(H73) abs.Alj : Be-n-Y(B124,H73)
: yield 0.65(L78) abs.Al B-n-p(ES5)
* C-n-a{H119)
s B0 18.83(15)
il _81.17(15) ’
pl? A g 0.027 sec (J11); 12(B4) el.ch. ‘ B-d-p(C2,F1,B5)
'o.ozz sec(C2,B22) yls-n-u((ul)
s ct° B g* 20 Beo(5202) ~2(5202) abs. B~p-n(5202)
. . B1%-p-n(s202)
clt 1 g* 20.5 min(S8,T8); 0.95(D26) ol.ch.5 0.99 | No ¥(397) coimcid. Be-a-2n(M128)
20.0 min(S63) (582) speot.. B-d-n(F1,C4,Y1) -
B=-p~Y(C3,B23 )
B-p-n(B23)
C-Y-n(B563)
C-n-2n(P2)
- C-d-dn{741)
C-p-pu(C77)
C-o~an (M226), T41)
N-p-a(BES)
N-n-p3a{X63)
NeYp2n(823)
O-vwou(?)(853)
0-nau2a (M134, Ke3 )
12 98.9(¥31)
i3 1.1(¥81) -
ol A B (E24) 5100 yr(L130,N45)3 0.154 (8200 )abs Al; No v(R21) C-d-p(R17,821)
4700 yr(R50) 0.145(R21) abs.; C-n-v(L110) .
0.154(L89) spect.; ¥-n-p(R21,H108,L110)
0.16(S96) spect. O-n-0(H129,M71)
7 H“ A B‘ 9.9% min(Wl4,78); 1.24(398) spect.; No Y(897) colneid.; B-a-n(EL,R3)
10.13 min{S98) 0.92,1.20(L22) apect. No Y(L79) spect. Ced-n(HS,Y1,C4,F1)
Cep-v(H3,C4)
. B-n-2n(P2,Ha4)
N-a-t(B7)
H-Y-n(B63)
O-n-~pSn (K6S )
P 99.62(V20) . '
s 0.38(v20)
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R Table of the Isotopes
Isotope Class Porcent Type of Half 1ife Energy of Radiation. in Hev . Produced by
2 A Abundance Radiation Particles Y rays
7 NJ'B A . B, ¥ 7.86 sec(B74); 7.5 8.5, 10(S81) abas.Al, 6.2, 6.7(B78) abs.sec. ¥-n-v£H120)
. : se0(H120); 7.8 sec’ Cug 10(HI20)cl.oh.; -e~, ol.ch. pair; i Ned=p(F1)
(se1); 8 sec(C5,N1, 4, 10.3(p7¢) ol.oh., 4(3101) abs.Pb, Cu; |- O-n-p(C5,5101)
N106) abs. : ~6(581) cl.oh. recoil| F-n-g(N1,P1,Nd)
w7 A B™, n(Kes, | 4.14 sec(KeS) 2.7(p7)(A36) Spal.(0,F,N,Me,A1,8,
(438) A36) g-n poincid. abs. P,S,C1,K)(C75,K66)
s of A 8t 126 seo(M5,B20) 1.7(F1) ol.ch. Cea~n(KS)
" : Ned-n (M3,F1)
F-p-v(D2
} 0-r-n{B20,B53,H44)
' O~n-2n(P2) '
ot® 99.757(T101) , .
ot’ 0.089(1101) ’
ol® . 0.204(r101) ‘
019 A g, 29.4 seo(F101); 4.5(30%), 2.9(70%)(B76)| 1.6(F101) abs. IO-n-Y(lllOS);
* " 29.5 sec(H120); ' abs.Al; 4.1(F101) ' Fen=p(N1,Al)
27.0 sec(B75) abs.; 3.2(HP0) abs.Al
9 7 A g 70 sec(N2) 2.1(K4) ol.oh. ?n-apnsm)
: . ' 0-d~-n(K2,F1)
O=p-1(D2)
F-Y-2n(B53),
e A g, v 112 min(S1) 0.7(¥2) ol.ch.; 0.7 1.4 (H208) ol.ch. 0-a-pn(T36)
(K110) abs.Al; regoil 0-p-n(D2) i
0.95(20%), 0.6(80%) 0-d-n(D22,Y2,W2)
(H203) ol.ch. O~ t-n(K110)
F-n-2n(P2)
-F-d-t(B7,K2)
F-Y-n(H44,B53)
Ne-d-a(S1)
: Fa=Y-an(?)(B6S)
e 100(A30) '
70 A 8, +(B50,047)| 12 s0o(Cl) 5.0(F1,B50) ol.ch. 2.2(B50) el.oh. recoll | Fed-p(F1,Cl)
. F-n~Y (K1)
Na-n-a(N1)
10 wet? A gt 20.3 ses(W7) 2.20(W7) ol.ch. F-p-n(wr)
Ne20 "90.00(V20)
Ne?! 0.27(v20)
reZ? 9.75(v20)
Fe23 A g 40 sec(Al,B6); 4.1(P21) abs. Fe-d-p(P21,%24)
40,7 seo (H61) . Na-n-p(Al,N1,P1)
Mg-n~a(Al,B6)
1 m? B 23 sec(C27) Ne-p-n(C27)
. Ne-d-n(P21)
M2 A 8" v100%), 5.0 yr(L3) 0.58(L3) ol.oh.; 1.3(02) speot.; Feg-n(L3, M)
no K(G44),Y 0.575(G44) spect. 1.30(6G44) speot. Nowd-n(LS)
. . ooincid.(lﬂzgg : : R Na-n-2n(B131,8180)
. Mg-d-a(LS) .
¥a2® | 100(se1)
Na 2t A ’ ’ B, Y 14.8 hr(V1) 1.390(888,899) speot., | 1.380, 2.768(368) specty| Na-d-p(La,V1)
' - coinoid.; 1.4(L21, 1.4, 2.8(B7,12,E8)" Fa-n-v{Al) -
849,582) apect. speot.; 2.87(616), Mg-d-a(Hd) - .
2.74(Wes) - Ng-n-p(Al)
Be-Y-n resction, Mg-Y-p(B53,HT4)
D-Y-n resction; Al-n-a(Al)
. 2.56, 2.68, 2.76,2.89 | Al-d-pa(C65,C67)
(E56) ol.ch. pair; Al-Y-n2p(B6S)
coinoid. abs.(C56,W65) Si-v-nSp(?)(B63)
PR E 8 » 1(B76) 68.2 seo(B75); 60 sec | 3.4(B75) abs.Al; Mg-Y~-p(H64,H61,B58)
. . (R47); 62 aec (H54) 2.8(H54) aba.Al Mg-n-p(B61,B76
AleY-2p(B53)
2
12w’ A gt 11.6 seo(n7) | 2.82(W7) ol.eh. Fa-p-n(W7,D9)
: R : Mg-v-n(H¢3,H44,B53)
Mga‘ 78.60(C131)
ug?® 10.11(c181)
w28 i1.2s(c23) ‘ .
g2’ A .y 10.2 min(8e); 0.79(20%), 1.80(80%) | 1.01, 0.84(B86) wpeot., | Myg-d-p(H4
9.6 min(ES1) (B86) spect.; coinoid.; 0.64, 0.84, | Mg-n-v{Al
1.8(C13,531) ol.ch.; 1.02512) speat.; Al-n-p(Al)
colnoid. (B75) 1.06(single Y)(BS1)
ol.oh. recoil .
1s %1 - |6 seo(Bes) g™ pun(Bo4).
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Isotope Class Percont Type of Half 1life Energy of Radiation in Mav . Produced by
Z A Abundance Radiation Farticles Y rays
15 a1%¢ A . 8 6 se0(B84); 7.0 sec | 2.99(¥7) ol.ch.; 1.8 Fa-a-tf(¥s,F2)
(w7,F2) (F2) abs. Mg-p-n(¥7,D9) .
. : g2 -p-n(B84)
. Mg-p-¥(C29) .
Al-v-n(H48,B44,H68,B53) &
a? 100(A31)
218 A By (WiT) 2.30 min(E31); 2.4 2.75(B75) coincid.abs.;| 1.80(B76) abs. sec.e”; | Mg-a-p(E2,R3)
’ min(Al,M5,B2) 3.3(C6) cl.oh.; 3.0 1.8(I2) speot.; 2.1 | Al-d-p(M5) n
(B31) cl.ch.; 3.10 (E31) cl.oh.recoil; Al-p-Y(Al)
(D54) abs.Al, coineldd 1.80(B86) spect..” Si-n-p(A1,B75)
3.01(B86) spect. . 84-v-p(B53,H74)
» Pen-g (A1)
n? A 8. 6.7 min(B25) 2.5(B25) cl.ch. and abs - Mg-o~p(B25,H21,F3)
‘ ' Si-n-p(F110)
Si-v-p(B58,H74)
P-v-2p{(B58) " . \
14 51?7 A [ | 4.9 sec(K1r0,027) 3.74(M21) cl.ch.; 3.54 . | Al-p-n(xs,M21,c27,88)
. (B8) ol.ch. Mg-a-n{K20) .
, Si-v-n(H62)
128 92.28(15) ‘
81%° 4.67(15)
5150 3.05(15) . -
s A g~ 170 min(N3,A13) .1.8(K4) cl.ch. No Y(N%) Si-d-p(N3)
S1-n-v(A1)
Pen-p(Al,P2)
S-n-a(S2,09)
15 p%° A M 4.6 sec(W1l) 3.63(W11) ol.ch: ' Si-p-n{W1l)
) . 5i-d-n(Dl12)
P-v-2n(?)(BS3)
»%° A o 2.55 min(R3,B49) 3.0(B48,B49) cl.ch.; Al-o-n(R3,C7)
3.5(M26) spect. Si-p-n(B23,B49)
: Si-HeS-p(A7)
P-n-2n{P2)
P-y-n(B20,B53)
‘ s-d-a(S52) “~
P! 100(431) .
32 A ’ [ 14.30 days (C8); 14.07 1.7125588) spect.; 1.69 | No v(K4) Si-a-p(F5)
days(M39) (L5) speot. P-d-p(N3)
P-n~Y(Al) N
S-n-p(Al)
8-d-a(82)
Cl-n-c(Al)
, €1-d-pa(T107)
) Cu-d-15233a (MB7)
e B £,v(22) 12.4 sec(z4) 5.1(75%), 5.2(25%)(B42) S-n-p(24)
coinoid. abs.; 4.9 Cl-n-a(24,H90)
(H90) abs. Al .
16 s% A ) g 2.6 sec(B57); 3.2 seo | 3.85(W11,E4) cl.oh. Si-a-n(K10)
(W11,K10) P-pen{W11,V¢)
: 8-v-n(H43,H44,H58)
s% 95.1(N32)
% 0,74 (N32) g
s s.2(m2) | ,
5 - - P
5° A g 87.1 days(H53) 0.167(5200) abs.Als S-n-v(8202)
0.169(B82,C78) spect.; s-a-p(C25,K13)
0.17(0110) abs.Al; Cl-n~p{A3,18,158,K13) .
0,107(L6) spect.s €1-d-a(K28) .
0.120(K13) abs.Als : ‘
0.103(S64) speot.
g% 0.016(N52) .
37 -
8 B ;' 6.04 min(24); 5.0 min |4.3(10%), 1.6(90%)(24); | 2.6(B42) abs.; 2.76 8-n-v(H130)
(H130) 4, 1.4(H130) abs.Al (H130) abs. sec o~ Cl-n-p(24,E130)
17 €138 A g* 2.4 seo(W1l) 4.13(W11) ol.ch. ‘ $-d-n(HS1) N
‘ S-p-n(W11) .
ad A Bty 33 min(S2,B21) 2.5(B21) abs.s 5.1,2.4 | 3.4(H72) ol.ch.recoil | P-o-n(F2,RS,B21)
- . (H72) ol.ch. S-d-n(82) ;
8-0-p,n or S-q-d(845)
8-8-n(K110)
Cl-n-2n(P2)
cl-v-n(B20,H44)
% 75.4 (N33)
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Z A Abundanoe Radiation Particles Y rays
36 ’ + - (] - 8
17 C1 A ., 83 K B 2x10° yr(H135) 0.64(p7)(G8) abs. Cl-n-Y(G8)
(c8) yiedd B ,B 3 Cl-d-p{G8)
~10, yr(0112) yield;
>10° yr (68,05)
yield
a¥ 24.6(NS3) . _
a®® A - By 38.5 min(H75); 1.18(36%), 2.70(11%), | 1.60(a3%), 2.12(67%) | O1-d-p(K4,W1)
37 min(V1) 6.2(53%)(H75) speot.; (H75) speot.; C1-n-¥ (Al,K18,A15)
1.1, 2.8, 5.0 1.65, 2.15 K-n-a(H5)
(M16,¥17) speot.; (c28,12) spect. Cu~d=-185227a (MB7)
- (W17) coineid. abs.
18 A A g" 1.88 seo (B4) 4.4(X4,M1) ol.oh. 8-a~n (K10)
c1-p-n{Wll)
A58 0.307(N34) -
Ny A K(HS2,W54) | 34.1 days(Ws4) No ¥(W54) S-azn (W18,W64)
€1-d-2n(W18,W54)
Cl-p-n(W18,M54)
. K-d~a(W18,W54)
‘ Ca-n-a{W18,W54)
A% 0.061.(N34) )
2359 P o g~ 4 min(P2) Een-p(F2)
.
2% 99.632(N34) N ]
aY A 8,y 110 min(s3); 1.18, 2.55(0.7%) (B76) 1.37(R8) ol.ch.recoil; | A-d-p(S3)
109.4 min(B76) abs. Al, coinocid.; 1.3(B76) abs.of e A-n-Y(88)
: 1.5(K4) ol.oh.(K.U.) K-n-p(H5)
19 &8 A gy 7.7 min{H5,R3); 2.53(R52) abs.Als 2,15(R52) ooinoid.abs. | Cl-a-n(H5,RS)
i 7.5 min{R52) 2.3(RS) abs. K-n~-2n(P2)
. E--n (H43,H44)
) . Ca-d-a(H5)
&7 98.3(134)
K“) A 0.012(N34) 8 (Ts1,c61), 1-42:109 yr (uncorr. 1.86(D37) speot. 1.54{with X) Ratural souroe (TS1,C61
(nss, (~95%) for K)(BT1); coinocdd.; 0.40(H8S), (H98) coinoid.s
s62) 582 ), 7x10° yr (uncorr. 0.725(L6) spect.; 1.6(with K)(M73) abs.
34%) (B8O )| for K)(B80) 1.3(H87) abs. Cu; Cu, Pb, coincid.;
E{vB%) 1.7(weak)(F43) cl.ch. 1.66(7% of B°)
(5204), . (669) abs.
(66%) (B8O .
T(K52) °
gl 6.7(N34)
g*? s, [ 12.4 hr{H5); ~1.8, 3.50(B75) 1.4, 2.1(B76) abs. A-a~pn (0109)
12.44 hr(ses) abs.Al, coincid.; ‘sec.e 3 1.61(865) K-d-p(BS)
. 3.5(K4) ol.ch.s 2.04 spect., ooinoid. K-n~Y (H5,A1)
(25%), 3.58(75%) . Ca-n~p(HS)
(365) spect. So-n-a(H5,B78)
3
o B [:pR 22.4 hr(0116) 0.24,0.81(0116) speot. | 0.4(0116) abs.Pb A-a-p(0116)
i3 D g 27 min(B138) Ca~n-p(B138)
il S Y .18 min(W2,Mm2) Ca~n-p(W1,W12)
20 ca®? F g 4.5 min(P2,W12) Ca-n-2n(1) (P2,M12)
58 E 1.06 seo(H44) , Ca-Y-n(H44)
a?0 96.96(N52)
ca®? 0.6¢(832)
cat® 0.15(N82) .
catt 2.06(N32)
cats Iy g 162 daya(M74)s 0.260(558) abs.Al; No Y(K116,P106) Ca-n-v (M22)
180 days(Wl2) 0.25(P106) apect.; . Ca=-d-v{M2,W5)
0.21(:78) : So-n-p(W12,K116)
. Ti-n-a{Cl01)
Bi-d(662)
catt 0.0083(N32)
wt’ F BTy 5.8 days(M74) 1.1(:74) 1.5(17a) Ca-d-p{N74)
catl 0.15{wse)
at? A 87, 2.6 hr(M2) 2.3(M2) aba. 0.8(M12) abs.Pb Ca-d-p(M2)
Ca-n-v(M2)
ca®? B 8 30 min(W12) Cavdep(M2)

Ca~n-v(W12)
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21 se®! A . g 0.87 se0(K10) 4.9¢(B8) ol.oh. Ca-d-n(K10,24)
80%° 2 g,y 3.92 hr(892); 1.12(H92) aby.Al,epsot.;| 1.85(H92) abs.Fb, Cu; | Ca-o-p(Fs,W10)
: 4 hr(W10) 0v4, 1.4(W10) abs. 1.0(W10) aba.Pb ' Cad-n (WS)
Ca~-p-n(D2,D9,H92)
54 Iy I.T.,8 ,Y 2,44 days(H92) 0.27(H9,819) speat. - E-g-n(WL0;H1)
(mo0) 2.2 days (mos conv. ; . Ca-d-n(¥S,819,H)
0.28(H92) abs.of o Ca-p-n{D2,09} -
So-n-2n{B9,HO2)
Tiod-a(m) )
0%t A g*,v,K(H92) | 5.92 hr(H92)s 1.8(M0) abs., (519) 1.35(H92) abs.Fb,0u,Al | K-a~n(W10,H1)
4,1 hr(¥10) apeotey Ca-a-o{W3,810,H1)
1,35(H92) abs.Al Ca-p~n(D2,D9)
8o-n~2n(B9,H1)
So-Y-u(B20)
8" 1,2, (mo)
-drc(H60)
.
80?8 100(451)
8046 A p7.v.E(m8) | 85 days(Ws) 0.36(87) (F36,M76,P45) | 0.88, 1.12(F36,M76,P49)| Ca-c-p(W10)
spect.; 0.26(p ) (M75) spoot.; So~d-p (WL,W6)
aba.Al, coinoid.; 1.25(W10) abs,Pby So-n-Y{W1)
0.4(p”)(K116) abs.Al; 1.5(M42) abs.Fby ﬂ-d—a(‘l;
0.26, 1.5(8")(M0) 1.4(K116) abs.Fo T4-n-p(M
abs.; 1.49(p )(weak) ’
(P49) spect.
5048 F 1.7.(7) 24 min(P106) 89-n~7(#106)
8047 B g 3.4 days(H1,H93) 0.46(H93) abs.Al Fo v(1)(H98) Ca-a-p{HOS)
Ca~d-n (H83) .
Oq-p-(H93)
8,%% A 87, 7(W10), ¥| 44 hr(W0,M2,He3) 0.64(519) spect. 0.98, 1.55(P46) spect.;| Ca-p-n(Hl)
(2)(m98) o 0.57(H8S) abs.Al 1.85(M2,M30) speat.; | Ca-d-2n(S19,M2,H1,M50)
1.35(H93) adbs.Pb Ti-n-p (W4,P2,W20,M50)
Pi-d-a(H60)
' V-n-a(®¢,P2,M0)
PR A g 57 min(W10) 1.8(W10) aba. _¥o Y(w10) Ca-d-n(m0)
T4-n-p(W10)
T4-y-p(E74)  _
ca49(2.5 hr) 8 decay
{mo .
Ca9(20, min) B~ decay
. (s108)
22 m' A g 3.08 hr(A17) 1.2(A17) ol.ch. Ca-avn (417)
Se-p-n{Al7) .
S0-d-2n (A17)
Ti-n-2n{Al7)
Ti-Y-n(H45,H62)
. : Cu-d-8220a (M97)
b2} D 21 daya(D101) 80-p-n{D101)
e 7.95(N32)
nt’ 7.75(xs2)
n“ 78.45(¥32)
n1t? 6.51(N52)
750 6,34 (N82) .
ni= g, v(We) 6 min(628) 1.6(528) abe. Ti-d-p(m)
Ti-n-Y(W4,A1)
n® A B7,Y 72 days (M) 0.36(W5) abe.; 1.0(W5) cotnsid.eba.; | T4-d-p(W5)
: Q.3(M77) abs.Al 1.02{M77) coinoid. i-n-Y{W8)
abe. Cu-d-8z14a (MS7)
23 V¥ | 8°, K, v(W5, | 16 days(s) 0.72(P4B) spect.; 0.98,1.35(P48) apeot.; se-a-n(we;
Be0); B* 1.0802) ol.ch.; 1.05(R¢) ol.ch. -T1-d-n (w4
{88%), X , 0.68(E60) recoils, Ti-p-a(p3)
{42%){044) 1.60(H6D) abs.Pd Cred-a(W4,P46)
. . Cu-d=7x17a (K87)
#AT g 35, atri(We,07) 1.9(74,07) aba. T5-a-n (W4,07)
: 4-p-n(D9,07)
ort? p* decay(1)(Nee)
e B K 600 days (W5) %o B° or ¢"(WB) Yo Y(w5) T1-d-n(W5)
i 100(A81) -
v A By $.74 min(W0); 2.06(D24) abs.; 1.&6(!98; abs.Pb,Pe,Cus | V-n-v(We,P2,41)
3.9 min(We) 2.65(Y5) ol.ch. 1.5(6G1) abs. P Ved-p(W)
Cren-p(W¢,P2)
Cre/r-p(BT¢)

¥n-n-c(W,P2,A1)

R
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Isotope
4 A

Class

———

Percent
Abundance

Type of
Radiation

Half life

’
Energy of Radiation in lMev

Partioles

Y rays

Produced by _'

24 or'®

§0.

crsl

25 Mo

56

5

56

26 I"esz

58

27 Co%®

4.81(wW121)

83.76(W121)
9.56(W1.21)

2.88(M21)

100(563)

6.81(M21)

91.66(W121)
2.20(mz21)

0.33(W121)

+*

B Y

K,Y,6” (W13);
no p* (B34

g5 1.2.00
(0.05%)
(012)

p*(36%), K.
(66%),

(a4),v

K,Y{L7)

K,

s NO 2-1
no B (B46)

41.9 min(07);
45 min(H62)

26.6 days(W1s)

1.3 hr(S104);
1.6-2.3 hr(A14,D14)

48 min(L7)

21 min(L7)

6.6 days(L7);
5.8 days (M37)

310 days(L7)

.2.59 hr(L7)

7.8 hr(¥87)

8.9 min(R3)

~g yr(V4)

46.3 days(S174);
45.6 days (G45);
47 days (L20);
42.5 days (KL03)

18.2 hr(Ds)

1.45(07) abs., ol.ch..

2.0(L7) abs.

2.66(012) spect.;
2.2(H6,L12) cl.oh.

0:68(P46) speot.s
0.77(H6,H12) ol.ch.;
0.75(T108) abs.Al -

0.75, 1.05, 2.86{(E12)
spect., colnoid.;
1.04, 2.88(T8) speoct. |
0.75(20%), 1.04(30%),
2.81(50%)(S66) spect.

0.56(MB7) abs.Al

0.26, 0.46(D16) apect.,
coincid. abs.

1.50(L21) spect.

0.18, 1.55(07) abs.Pb

0.32(single) (M220,¥67)
spsot.oonv.; 0.3850,
0.287(B34) abs.of e

1.46{(012) spect.,
coinold.; 1.2(H6);
0.39(1.7.2)(012)
spect.oonv. :

1.0(E6); 0.73, 0.94,
1.46(P46) speot.,
coincid.abs.

0.835(D35) apect.,
coincid.;
0.85(L7) abs.Pb

2.06(20%), 1.77(30%),
0.822 (w100%) (566 )
spect.;

0.845, 1.81, 2.13
(B9,E12) spect.;
2.7(€1%) (Wea,W124,
L131) D-Y-n reaction

No Y(P50)

1.10, 1.30(D16) speot.

0.18, 0.21, 0.8, 1.2
(C20) ol.ch. recoil

Ti-a-n(07)
Cr-n-2n(07)
Cr-¥-n(E62)
Cu-d-6zl6a or
Cu-a-6218a (¥87)

Ti-c~n{W13)
V-p-n(B34)
Cr-d-p(W13,A14)
Cr-n-Y(W13,M120)
Cren-2n(Al4)
Cu-a-6z14a (M87)
As-d-10226e (H66 )

Cr-n-Y{D14,414)
Cr-d-p{A14)

Cr-d-n (L7}
Cr-p-1(D2,D4)
Cu~d-5z14a (MBT)

Fe-d-a(D5,L7)
Cr-p-n(E6,H12)
FoBE 8* decay(me7)

Crep-n(H6,H12)
Cr-d-2n(P46)
Fe-d-a(L7)
Cu-d-5213a or
Cu~d-6215a (MB7)
Ae~d-9x25a (H66 )

V-¢~n{L7)

Cr-d-n(L7)
Cr-p-n(DS)
Fa-d-a(L7)

Cr-o~p(R3)
Mri-n-Y{Al)
¥n~d-p(LT)
Fe~d-a(L7)
Fe-n-p(Al)
Co-n-a(Al)
Cu-d-p2a or .
Cu-d-p2a2n (¥87)
As-d-9221a (HE6 )

Cu-d-4z13a or
Cu-d-4z15a, garsn't
of MnSem (W8T

Cr-g-n{R3)
Fe-n-2n(L20)
Fe=~v-n (H43,H62)
Cu-d-4zl2a or
Cu-d-4¢l4a (MBT)

Mn-d-2n (H127)

Mn-p-n(V4)

Pe-d-p{L23)

€055 B decay(L10)
)

Fe-d~p(L20,D16)
Fe-n-¥ ($105, W01 )
Co-n~-p{L20,1100)
Cu-d-a2p or
Cu-d-2a(M87)
As~d-8216a (HE6)
Bi-d(a62)

Fe-d-n(L10)
Fe-p-(LS,L10).
Cu-d-3z10a or
Cu~d-3212~ (M8T)
As-d-7222a (H66 )
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\

Isotope

4

A

Class

Percant
Abundance

\

Type of
Radiation

Half 1ife

Energy of Radiation in Mev

Particles

.

Y rays

Produced by

27

28

29

c°56

57

58

Coso

60m

61

o 62

N157

Niss

Ni59

.5

"161

1“62

m“

W 65

N

68

cu®®

Cu

A
{P51) m.s.

100(M52)

67.76(W121)

26.16(W121)
1.21(%121)
3.66(WM21)
1.16("M21)

g*, v, K(E9)

K'pszgoS

g%, v(16%)
(Ga4)s K, Y
(85%)(644)

1.T., Y, &~
(O 90%) (110,
D17,D36,
8103); 7Y
«€o%)(n,
D36, N10,
5103)

8

B~, v(p52)

72 days(L10)

270 days(L10)

72 days (L10)

6.3 yr(L10)

10.7 min(L10)

1.75 hr{P51)

13.8 min(P52)

36 hr(Lil);
34 hr(H66)

12 yr(€124) yield

2.6 hr(L1l)

66 hr(G62)

7.9 min(D4);
10 min(L83)

81 seo(D4)

24.6 min(L83)

Y

1.50(E9,E12) spect.,
coinoid.;
1.2(L10) abs.,
(€17) el.oh.,coincid.

0.26(p")(L10)

0.470(E18,D35) spect.;
- (E13) ooineid.:
0.4(L10) abs.

0.31(D17,D36) spect.
coincid. abs.;
0.23(D55) spect.;
0.310(¥78) spect.

1.35(f")(N10) spect.;
1.25§E')(D36) spect.;
1.56(p~){P106) spect.

1.1(P51) abs.Al

2.5(P52) abs.Al,
coincid.

0.67(L11) abs.

~0.05(C102,C124)
abs.Al

1.9(L11,5161) abs.Al .

'

1.8, 3.3(¢5%)(L83)
abs.Al

0.845, 1.26, 1.74,
2.01, 2.55, 3.26
(El12) spoect.,
coineid.; 1.7(C17)
abs.Pb, coineld.;
1.05(L10) abs.Pb

0.117, 0.130, 0.202,
0.215(P3) spect.

0.835(D35) speot.,
coineid.;
0.6(L10) abs.Fb

1.16, 1.32(x78,08)
spect.; 1.16, 1.30
(P106) spect.;
1.10, 1.30(D17,D36)
spect., coincld.

0.056(1.T.)(D17,D36)
spect. conv.;
1.5(with 8~)
(N10,D36) abs.Pb;
1.32(with §~)
(P106) spect.

No v(ps1)

1.3(P52) abs.FPb

1.1(L11) abe.Po3
0.280, 0.65, 0,93
(63) spect.

1.5(183) abs.Pb

e .
Fe-d-2n(L10,P3,J1)
Fo-g-np{L10)
Ni-d-g(L10,017)
Cu-d~-329%a or

Cu-d-3211a(T108)

Fe-d-n(L9,B24,P4,L10)
Fe-p-v(L10)

Ma-c-n(L9,L10)
Fe-d-n(L9,B24,P4,L10)
Fo-p-n(L9)
Pe-a-np(L10)
Fe-p-Y(L10)
Ni-d-a(L11)
Ni-n-p(V5,L10)
Cu-d-ap2n or
Cu-d-ap4n (1108)

Co-d-p(L9, B24, L10,
D17,N10)
Co=-n~Y(R9,L9,L10)
co6Om 1,7, (110,D17)
Ni-d-a(L10)
Cu~n-a(M64)

Co-n~Y(H7,18,110,D017)
Co—d-pgNIO)
Ni-n-p{H8,L10)

Co-£-p(K64)
Ni-d-cn(P51)
Ni64-p-a(P51)
Ni6lon-p(P51)
Cu-n-na(P51)
Cu~d-apn(M87)
Ag-d-Tz16a (H66)

Nisz-n-p(PSZ)
Cu-n-a({P52)
Cu-d-ap(P52)

Fe-g-n(L11,N11,D18)
Ni-n-2a(L11,N11,D18)
Ni-Y-n (H45,H62)
Cu-3d-228a or
Cu-d-2£10a (MB7)
As~d-6220a (H66)

Pe-a-n(C117)
Ni-n-¥(C102)
Ni-d-p(Cl02)

Hi-d-p(L11,N11)
Ni.g-v(H8,N11)

¥ av (5184, 085)
Ni-n-2n(H8,D16,¥11)
Cu-n-p{H8)
Zn-n-a(HE)

. Cub%-n-p(S87)

Cu-d-2p{MB7)
As-d-6212a (HE6)

Ag-d-6z11a (E66)
Bi-d, parent of
cub6(ce2)

Fi-p-n(D4)

Hi-p-n(D4)

m-s-n(wo)
N460.pon(L83)
§360.4-2n(183)
%458 g-pm(L83)
Cu-d-pén(¥87)
Ag~d-5217a (HE6)

L
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Isotope
4 A

Clase

Percent
Abundance

Type of
Radiation

Half life

BEnergy of Radiation in Mev

Fartioles

Y rays

Produced by

29 Cu

62

cu®t

65

2

66

67

30 Znez

ZBGS

Zns 4

65

. ZHGG

zll67

hs 8

69

81  Ga

81}

69.09(1104)

30.91(1104)

48.89(L88)

27.81(L88)
4.07(1L88)

18.61(L88)

0.620(L88)

"5 E(a4)

B (65%),
p*(s2g),
K,v(3%)
(B44,A4)

By

K(?) (87)

8%, k(1)
(H207)

8*(1.5%), K
(98.7%)
(648),Y,0"

m;, y(K11)

8, Y(H130)

B.v(s149,
6120)

S.4 hr(T1,R8);
3.385 hr(C80)

10.6 min(E8);
10.1 min(L83)

12.8 hr(V2)

5 min(Al)

66 hr{G62);
61 hr(H66)

9.6 hr(M7)

38 min(D¢,B20)

250 days(L12)

13.8 hr(L12)

57 min(L12)

~

2.2 min(H130)

49 hr(5149)

48 min(B13)

15 min(A4,L10)

1.206(C80) spect.s
0.9(R3) abs.;
1.23(B36)

2.6(C13) ol.ch.;
2.6(7108) abs.Al

o.sn(g'), 0.657(g")

(c73) speote;
0.68(p"), 0.66(p )
(76,711,78) spect.s
0.57(p"), 0.64(p*)
(P106) spect.

2.9(S5) ol.ch.(E.U.);
2.58(G15)

0.56(H204) abs.Al

2.3(518) abs., (T11,78)
apsct.;
2.36(88%) (B45)

0.32(8" ) (P106) spest.s
0.4(p*)(D9) ol.on.

1.0{L12) abs.

2.1(H130)

~0.3(95%), ~1.6(5%)
(5149) abs.Al

¥o v(62,B36)

0.56(T108) abs.Pb

1.20(weak) (B44)
coinoid. abs.;
1.35(2.5%)(D62)
spect.

\

1.32(M79) abs.Pb

0.96(weak), 1.9(weak),
2.6(weak ){B45,H207)

1.11(J8) spect.;
1.14(D19,M34) apect.;
1.14(46% of K), no ¥
(54% of_K)(646)
x-ray-8 ooinoid.;
0.45, 0.65, 1.0(ms,
I18) cl.ch. recoil

0.439(H9,03) speot.
conv.

No v(L12) )

0.054, 0.117(D9)
spect. conv.

Fid-t (n;
Hi-g-n (p4
N16l.p-n(L83)
Ni-p~7(D4)
Ni-a-p(RS)
Cu-d-pSn or
Cu~d-p5n(M87)
As-d-5z16a (HE6 )

Co-o~n (RS)
Ni-p-n(818)
Fi-p-7(S18)
Cue~n~2n(H8)
Cu~Y-n(B20,H44,545,

Zn%° K deoay(¥87)

Ni-p-n(818,D4)
Cu-d-p(¥2)
Cu-n-v(E8)
Cu-n-2n{H8)
Cu-p-pn (R4§)
Cu-v-n{B45,H62)
Zn-d-a(B51}
Zn-n-p(HS)
As-d-5z13a (H66)

Cu-n-Y{(Al)
Cu-d-p{L31)
Zn-n-p(H8)
Ga-n-a{C5) '
N166 B decay(662)

As-d-5210a (366)
Bi-d(G62)

Cu=-d-3n or Cu-%§5n,
parent of Cu®c(M37)
As-d-4z15a (E204)

Ni-a~n(R3)
Cu~p-n(S18,D4)
Cu-d-2n(L31,78,M87)
Cu-a-4n(MB7)
2Zn-n-2n(H8,P2)
Zn-Y~n{B20)
As-d-4214a (B204)

Cu-d-2n(P4)
Cu-p-n(Bl2)
Zn-d-p(L12)
Zn-n-Y(S6)

6a66 K decay(L10)

7

Zn-d-p(L12,K11,V7)
Zn-n-v(T2,L12)
Ga-d-a(L12)
Ga-n-p(L12)
As-d~2a(H66)

Zn-d-p(L12,K11,V7)
\ Zn-n-Y (12)
Ga-d-a(L12)
‘Gn-n-p(!(.12))
As-d-2a(HES

z.:sgm ‘1’.1. (K1)

Zn-n-¥ (E130)

Ge-n-a(H130)

U~n, parent of 0&72
6121)

Bi-d (662)

As-d-415s (H66)

2n-p-n(B13)

Zn-d-n (A4, 110)
2n-p=Y(D9)




Table of the lsotopes

Page 14

Isotope
2 A

Claes

Percent
Abundance

Type of
. Radiation

Half 1ife

Energy of Radiation in Mev

Particles

Y rays

Produced by

66

67

€8

69

®

Ga7°

6‘71

72 |

73

74

#

32 Ges6
67

€8

70

g

7

7

76

3

61.2(s61)

38.8(S61)

20.55(1105)

27.37(1105)
7.61(1105)

3674 (1105)

7.67(1106)

g~ (5150,0121)

" (H147)

R(H66)

E,e” (?)(S30);

e~ (S104);
B*(7)(u67)

B,7(S30)

B (829),
¥(8162)

8.4 hr(B13,R3)

78.3. hr (M88);
83 hr(Ad)

68 min(R3)

20.3 min(B189);
20 min(B20,41)

14.3 hr(M30,0121,5149%
14.1 hr(S6)

§ hr(S160,0121)

9 days(529)

~140 pin(H147)
23 min(E147)

260 days(H66);
~195 days(M8)

-

11 days(S30);
11.3 days(D101);
11.4 days (H66)

89.7 hr(D101);
40 hr(SSOg;
36 hr(H62
38 hr(H66)

89 min(830)

12 hr(330,5106)

3.1(M7) abs.

1.9(RS,M7) abs.

1.68(525) ol.ch. (E.U.);
1.65(H136) spect.;
1.62(B139) abs.Al

0.64(40%), 0.96(32%),
2.62(18%), 3.15610%)
(H63) spect.;

(M94) spect.;

~0.77, 2.5(M68)
coinoid. abs.;
0.8(~65%), ~ 3.1 (35%)
(S149) abs.Al

1.4(5150) abs.Al

0.8(529)

~0.6(8" 1) (M67)

1.2(830) abs.

1.1(826,829) ol.ch.
(E.U. )3 1.2(S30)
abs. Al

2.0(S106) abs.Al;
1.9(526,829) ol.oh.
{K.0. )3
1.8(8152) abs.Al

B speat.; 2.50(W64)

0.084, 0.174, 0.187,
0.301(C21) speot.;
0.0926, 0.180,
0.297(H9) spect.
conv., 8peot.;
0-292(ngaspeot-

0.63(18%), 0.84(100%),
1.87(8%), 2.21(32%),
2.51(26%) (H6S) spect.;
(K94 ) spect.;
0.64(8%), 0.84(~46%))
2.25(v46%) (M67)

D-Y-n resotion

¥o Y(8150)

0.6(S30) abs. of o

Cu-ayn (M7,R3)
Zn~p-n(B13)
As=g-3:1la 5566)
6o decay(E147)

Zn-d-n(A¢,G6,V7)
Zn-o-p(¥8)
Zn-p-n(B18,77)}
Aszg-Sz108 (E68)

GeS7 B* decay(B147)

Cu-g-n(RS,MT7)
Zn-p-n{D2,B13)
Zn-p-v(?)(D2)
2n-d-n(G6,VT)
Ga-n-2n({P2)

Ga~Y-n(B20)
Go-d-a(529) -
Asod-320a (H66) .
0e68 K decay(HES)

Zn-p-n(D2,77)
Zn-a-p (¥8)
Ga-n-Y(Al)
Gs-n-?n(!’z;
Ga-Y-n(B20
Go-d~a(829)
Ge-n-p(529,6121)

Ga-d-p(L20)
Ga~n-v(56,612))
Ge-n-p(S29,6121)
As~d- 0%0130)
U-n,Zn'¢ P~ deoay(G13})
Bi-a(P56)
T1-a(7108)
T-a(0115)

Ge~n=p(G121)
U-n(5150,5149)

Go~d-a(S29)

Ge-d-pbn, parent of
Gage_(m47)

Ge~d-p4n, parent of
0.694(5147)

2n-6~20{M8,M99)
As-d-dn(ﬂeegs
Parent of Ga (}186).

Ga~d-2n(530) i
Ga-p-n{D1O1) :
Ge~d-p(S50)
Ge-n-Y(5104)
As-d-a2n(H66)

Zn-a-n{M8)
Ga-d-2n(S30)
Ga-p-n(D101)
Ge-n-v(56,829)
Ge-d-p(86,330,829)
Ge-n~2n(S25,829)
Ge~Y-n (E62)
As-d~a2n (HES)
Se-n-a(829)

4971 p* decay(H6s)

Ge-n-a(86,329)
Ge-d-p(86,529,850)
Ge-n-2n(S29,5%0)
Ge-Y-n(H62)
As-n-p(829,530)
Se-n~a(329,5%0)

Go-n-v(36,529)
Ge~d-p(829,53%0)
Se-n-a(S30)
u-n(%oe) perent of
As gsm s152)
u233.n(s184
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Isotope Class Percent Type of Half life Energy of Radiation in Mev Produced by
2 A Abundence Radiation . Partioles Y rays
2 G B . 'y 59 0o (A37) 2.8(A37) aba.AL Go-ner(A37) ..
Parent of As  (A37)
ce™® ) g ,v(s152) | 2.1 hr(s1s2) ~0.9(5162) abs.Al Pen, parent of As’®
(5106,5152)
33 Asn A p’ (266 ) 52 min(H66) As-d-pSn(H66)
. p* decay,
o!‘ Ge71(40 hr)(nss)
As72 i B - B’,'r ' 26 hr(V2) 2.78(M80) abs.Al, 2.4(M80) coincid.abs. Ga-a-nzueo)
cojneid. Ge-p-n(Va)
' . As-d-p4n (H66 )
-d-a (M99 )
Se 72 X decay(H66)
Ae’S B K,e (E10) 90 days(S26) 0.062(E10) spect.conv. | -Ge-d-n(526,B10)
. Ge7°-a-p(?)(ll88)
As” A 87,8%,v(526)| 17.6 days(Mes); 1.3(87), 0.9(p")(s26) 0.582 (D15) spect. Ga-a~-n(¥B8)
19.0 days(H66); el.oh. (K.U.) As-n-2n(326,C11)
16 days(S26) As-d-p2n (H6E)
Ge-d-n (826,529,14)
N Se-d-a(F8)
Go-p-n (DY)
Bi-a(G62)
a0 100(N30)
As76 A p.Y; B ’ 26.8 hr(Wg,W19) 1.29(15%),2.49(26%), 0.55, 1.20, 1.70(867) Go-p-n(V4)

K v(szs) 3.04(60%)(3” ) (s67) spect.s 0.667, 1.22, | As=d=-p(C11,T3)
spect.; 1.1, 1.7, 1.78 (weak) (W70) As=n-Y(C11}
2.7(8”)(s23,W9,W9) speot.; 1.94, 0.83 Se-n-p(S26)
ol.ch.; 0.7, 2.6 (M6) spect.; coinoid. Se-T-p(H74)
(8*)(523) ol.ch.; (35); 2.15(weak), Se~d-a(F8)
coincid. (M35) 1.84{weak), 1.25 Br-n-a(C11)

30%), 0.57¢70%)
(M120,M67) speot.;
3.2, 2.2, 1.5(s23)
ol.ch. pair
2" B 87 (s106) 40 nr(5151) 0.8(S152) abs.Al U-n{S151), Go'T [
decay(8152)
Th-a(N116)
Bi=d gcsa)
i 6977 59 gec)
B~ decay (A37)
Axm A B 80 min(Cl1); 1.4(S26) ol.ch.(K.U.) 0.27(S26) abs.Pd Br-n-a($9,C11,526)
65 min(S9,526) 8e-n-p(S26)
A8 D) 'y 90 min(5106,5152) 1.4(v30%), 4.1(~10%) U-n, 56”8 §" decay
(5152) abs.Al (s106,3152)
3¢ se't A 8" (nes) 44 min(H66) As-d=6n, parent of
(He6)
se? B K(H66) 9.5 days (H66) As~d-5n(H66 ),,
Parent of As (}166)
L B g* (He6) . 6.7 hr(He6); Go=g-n(C79)
7.1 hr(C79) Ge7%g-n(c79)
As-d-4n(H66)
sot 0.87(m21)
7 - .
ge’® A K,Y,e 127 days{C79); 0.097, 0.122, 0.137, As~-p-n(D9)
125 days{G143); 0.265, 0.400{J131) As-d-2n(K30,8107)
115 days£F4B); spect., speot. conv.;| Se-n-Y(F46,B130)
120 days(H68) 0.50(D9) speot. conv.
several <0.3(K30)
spect. conv.; 0,336,
0.18(B117); 0.22,
0.43(C79) abs.Fb
se’® 9.02(M121)
se'? 7.58(M21)
se™® A I.T.,Y 17.6 sec(A37) ~0.15(A37) Se=n-1(A37)
(D122,457) | - Se76-n-(D122)
so’® 28.52(W121)
© ge%0 49.82(m21)
g2 B 1.7., & (L30)] 69 min{G125); 0.099(H9) apeot. conv. | Se-d-p(S9,L30)

67 min(89,L30)

Se~n-1(89,H10)

Se80-n-v(L131)

Se=v-n(B20)

Br-n~p(S59,L30) 81

U-n, parent of Se
(6125)
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Isotope
b4 A

Class

Porcent
Abundance

Type of
Badiation

Half life

"Energy of Radiation in Mev

Partioles

Y rays

Produced by

31 st

s°82

s°83

3984

85 Br

Br'®

BrBO

B!

Bx_82

Br83

84

Brss

87

BrBB

9.19(mz21)

50.5(W122)

49.5(W122)

p~,Y(aST)

8~ ,v(6120,
G126)

g (wrs)

G
B e Y

I.T.,0 , Y
(s10, V3,
v7,622)

B, B
(s%)(B81)

87(836);
8 ,n(s60)

17 min(G126);
19 min(L50)

67 seo(A37)
26 min(M121,6125);

30 min{L30)

~2.5 min(G125);
<10 min(E111)

106 min(W73)

48 hr(W73)

6.4 min(59)

4.4 hr(B13)

18 min($9,510)

34 hr(89)‘

2.4 hr(6101);
140 min(L30)

350 min(836);
33 min(K104,K111)

$.00 min(8206);
3.0 min(836,B29)

656.6 sec (E131);
§5.0 sec(R51);
56 sec{360)

16.0 seo (R107)

1.5(L30,6125) abs.AlL

3.4(A37) abs.Al

1.5(M121,G125) abs.Al

1.5(W73)

f
2.3(8")(89) aba.

2.0(p”)(A2) spect.;
0.73(p*)(B81) apect.,
abs.

0.465({Re,D21) spect.;
(D28) eoincid.

1.05(L30) abs.;
0.9(6125) abs.Ad

5.3(K111) abs.Al;
4.65(B30) aba.;
posaibly weak 0.2 p
or o (K104)

2.5(8205) aba.Al

0.3(mean) (n)(B184)
p recoil in ol.oh.

¥o Y(6128)

0.17, 0.37, 1.1
(B112,6126) abs.Pb

Yo Y(WTs)

0.048, 0.108(V7)
spect. conv.

0.049, 0.037 or 0.025
(V7) spect.conv.;
0.037(G22) abs.Al

€0.5(B13,59) abs.

0.547, 0.787, 1.35
(R6,D16) spect.;
(D23) coineid.

Ho v(89,6101)

Bo v{3206)

8o-d-p(89, Lso)
se-n-'r(ss lno)
I-ngnr (Ls0)

Br—n-p(ﬁn .
?6135 6101)

Se~n-Y(A3T)
U-n(8177)

8e-d-p(L30) )

Se-n-Y(L30) 83

U-n, parent of Br
(61L01)

Th-n(G101)

U-n, parent of !3!'84
(E111)

Sa“-d—zn('”s)
Se 4-p-n(N73)

Se ; 50~P (w7s)
Se -den(W7S)

As-a-n(89)
Se-d-n(89)
Se=~p-n (B1S,V7
Br-Y-n{B20, C6
Bren=2n(H10)

Se-g-p(W73)
Se-p-n(B13,V7)
Br-n~Y($9,510,A2)»
€430%)(6137)
Br-d-p(89)
Br-Y-n(B20)
Br-n-2n(P2)
Then{?)(P12,P16)

Se-p-n(B13)
Br-n-v(39), (70%) (am)
Br-d-p(S9)

Br-ven( BZO )

Br— 2n
B’ .r (810 $31,D20)

Se~-p-n(B1S,R7)
8e~d-2n(89)
Bren~Y(K5,59)
Br-d-p(89)
Rb-n-a{89,P2)
U-n(F113)
Po-a(P104)
T1-6(T108)
Bi-a(P56)
Bi-a(P56)
U~-a(0116)

8e=-d-n(89)
3 B deoay(39,L30),
pareng_of Kr83m(L30)

1,30,19,535,6]101)
v23S-nis184)
Th-n(B15,L30,8108,6101)
Th-a(N116)
Pu-n(F102)
Bi-a(P66)
Po-a(P104)
Bi-a(P56)
C-a(0116)

Rb-n-a{B29)

U-n(Ds, H22,H57, 9, 836,
B29,K104), 8e
dooly(Blll)

th-n(P12,B101)

Bi-d (P10¢)

-

U-n, parent of xres

(886,B29,348)

U-a, parent of Ers"
(836, B29,843,860,R51)
Pu-n(B61)

U-n, ancestor of
mSe(m
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Igotops Clase Percent Type of Balf life Brergy of Radiation in Mev Produced by
2 'y Abundance Radiation Partioles Y rays
55 8% D o p”.n(L125, 4.61 se0(M131) 0.7(mean)(n)(B134) U-n(m26)
(ses) 868) 4.5 neo(LIZES p recoil in ol.ch.
% K 0.542(L75) _
&8 g*(p41), - | 34 nr(Ba1) ~0.9(30%), ~0.6(70%) 0.2(H109) aba.Pb 8e-a-n(C45,622)
: v(moa) (A109) abs.Al; Br-d-2n(Ces)
0.4(C41) ocl.ch. Br-p-n(B4l, cu)
Er-d-p(C46,89,€22)
Rr-n-¥(H109)
K08 ] 1.1, (?2.9 | 15 sec(ca1) 0.187(C41) speot.conv. | Brep-n(B41,C41)
no B*(C41)
PCIL ¢ LT.(1),0” B 55 ses (C41) * 0.127(C41) speot.conv. | Se-a-n(1)(E3)
| mo pH(ca1) Brep~n(B41,C41)
v 6%  2.223(175) )
2 11.50(L75)
x? 11.38(L75) T-n(743) n.e.
S BN 1.7., o"(L30) 115 min(LS0) 0.029, 0.046v007 so-a-n(cw.czag
spect. oonv. Kr-d-p(C45,C22
Kr-n-’r('s’l)
Kr-x-rays(W57)
Uen, BrKs B~ deoay(L30)
ot 67.02(L75) U-n(T43) m.s.
kss A 87, 7(H109) 4.6 hr(HL09); 1.0(H109) abs.Al; 0.17, 0.37(H109) abs.Pb! Kr-d-p($9,C45,022)
4.0 hr(C22); 0.85(B50) abs. Kren-v{H109)
4.6 hr(543 Rb-n-p(B29)
Sr-n-u(gés) -
U-n, Br' decay
(B29,248
xx-“ B p’m.u.mu 9.4 yr(1110), 0.74(E114) abs.Al; Fo v{Hll4) Kr-n-Y(H109)
(743 )m.s. ~10 yr(H114,T48); ~0.8(WM113) abs.Al U-n(M13,H114)
>2.5 yr(m1s)
A 17.43(175) o-n(248) m.s.
7 B 8 74 min(S9) ~4 (BSO) absiAl Er-d-p(89)
Hb—n-p B29)
U-n,Br87 p= doony
(B29,843)
& A B 8 hr(L27,H28) 2.5(W19) ol.ch.(E.U.) Th-n(B29,45,L27) gg
T-n, parent of Bb
(B28,R1%,89,621 ,H46)
& A g 2.6 min(D124); U-n, ancestor of Er?
2.5 min(B56) (69,621,841 ,846,B47)
u-4(0101)
Pu-n (A108)
P A g w88 seo(K124); U-n. annntor of
short(D108) (D108}
Pu-n(uos).
k! B g 9.3 se0(D114); U-n, anoestor of 8r°%
, 6.7 00 (0101) (5110,D114) ,ancestor
of Y81(8110,D108)
-4 (0101 )
Q_a-n(uos)
% D g 2.3 sec(D114); u-n(nza,me.nng
< 0.5 min(H28) ancestor of Y92(D102)
Th-n(H29)
Pu-n(A206)
s ) '3 2.2 seo(D114); U-n, anoestor of T°°
2.0 seo(A10¢) (s171)
U-4(0101,H102)
Pu-n(A105)
Kr“ D B 1.4 s00(AL04) U-n, anoestor of ™
' (H66,4108)
Py B 3 Short(A105) C-n, ,nonvor of
(A106)
‘ Pu-n(uos) .
n 8% A 8%, K, v, o~ | 5.0 hr(mo08) Brea-2n(R108)
(R.08)m.s. (r108) . -
b A v 8%, o 8 hr{RL08); Brec-n(R108,H51)
(2208)m.8. (r108) 6.5 hr(H51) Ered~2n(i51)
% ) 20 mtn (E51) Br-o-n(E51)
nbt B 8*(881) ~40 days (B81) Hb~n-2n(B8])
- $r-d-a(B81)
% . 72.8(X84)
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Isotope
z A

Class

Peroent
Abundanoce

Type of
Radiation

Half life Energy of Badiation in Mev
Partioles Y rayse

Produced by

$7 R
-3

. Rbes

87

(889,
H84)

88

Rba ]

5

91

RgQO

93

Rb94

RbS'I

8 st

Sr

SrSG

Sr

Sr87

Sre 8

89

sr90

A
(L112,E96)
Me 8o

Iy
(B110,836)
Mmoo

27.2(N34)

0.56(N36)

9.86(N36)

7.02(N36)
82.56(N%6)

8, v(H52)

g (151,061},
Y, ¢ (030

8, r(621)

1.T., e'. h g
(p2s)

K, T(D13)

I.T., e, ¥
(n11)

g™ (F112)

42 min(H61)
200 hr, (s1)
19.6 days(ﬂls)s 1.66(H13) abs.;

~1T days (H62 1.60(E32) spect.;
1.80(F117) abs.Al

6.8x10" Er(S74); 0.132(L6) speot.; 0.034, 0.053, 0.082,
5.8x10t0 yr(E33) 0.26(K58); 0.102, 0.129(030)

0.13{050) apect.; speat. conv.

0.144(864) spect.

17.6 min(W19) 4.6(621) abs.Al;
6.1(W19) ol.ch.

15 min(69,621) $.8(5621) abs.’

Short (D108)

Short(H42,5110)

80 sec(H28)

Short(D105,D104}

Short(B56)

Short(A105)

70 min(D25) : 0.170(D25) spect.conv.
65 days(D18) 0.8(D18,D25) abs.Fb

2.7 hr(D11) 0.37(D11) spect. conv.}
0.386(H9) spect.conv,

56 days (S24) 1.50(824) ol.ch.; Fo Y(6108,524,M12)
1.48(N102) spect.s .
1.5('102,R49§°speet.

~30 yr(0118) o.ss(tnozg abs.Al; No Y(6102,0122)
0.6(G51

Y-n, EKr

Er-dfn(E51)
Kr-d-n(H51)

Rb-n-Y(89,820)
EbeY-n (nsz;
Sr-d-a(H13
Bi-d(G62)
U-n(F114,F117)

Fatural source (7?31,
c61)

Rb-n-7 (S8, P2,520)

Pa-n(G7) _

Uen, kr88 B decay
(E28,L27,H11,621,
W19,H46)

Th-n{A5)

en, Kr°° B~ deoay
(69,621,541, ugs JHaT)
parent of 8r8%(G21)

0 £ gao
pamn; of Sr9°(D108)

Tn, ke ﬂ- deoey,
anoestor of YH
(5110,D108)

U-n(H28 H46,H47,856)

U-n,Kr [y deoa¥
ancestor of Y¥
(D105, D104)

U-n, Kr94 g
ancautor of Y 4(1!56)
U-n, EKr ﬁ decu;,
ancestor of 2rd
(Ar08)

Rbep-n(D15,D25)

Bb~p-n (D13,D25)
Bb-d~2n (M20,0102)

Rb-p-n(D11)
8r-n-n(D13,R15,

D25,R20)
Sr—x-nys(lss)
Spree=-e” (W56)
Sr-d-p(D11)
Sr-n-Y(D11, R16,F103)
Sres—n-Y(SSS)

Spep-p(?)(D25)

K decay(D11,D25)

Zr-n-a(S46

Sr-d-p(S11,824)
s~:-~r(sn 824)
Yen-p(S12)
Zr-n-u(tg(sm)
U-n, Rb8Y9 B~ decay
(69,E28,021,846,
H47,061)
0-d§0103)
023831 (666,5184)
Th-n (B101)
m-a(xusg
Pu-n (F102
B1-a(T109)
Bi-d(G62)
Po-a(P104)
Pt-a(T109)

U-n, Hbgo 5 decay,
parent of Y9O(H47,
!12 ,D108,6122,661)
*-n(885)

m-a(nns)
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Teotope
Z A

Class

Peroent
Abundance

Type of
Radiation

Half life

" Energy of Radiation in Nev

Particles

Y rays

Prodused by

38 Sz'91

Srsé

Sr98

Sr94

Sr97

39 Y87m

YG?

88

YSG

YBS

90

91lm

Y91

Y92

93

Y94

Y9'[

A
(8111 )m. s.

A
(H110)m.s.

A
(L112,H98)
m.s.

D
(sim1)

100({D40)

B,y

I.T., 0, Y
(D2s)

E(D13)

x.yjnzs,nss),
" p (0.19%)
(P111)

g~ (m12)

1.T., Y, o
%) (K112)

g, v(@56)

B ,v(B121)

p”,(HB6)

9.7 hr{K117);
10 hr(B47

2.7 hr(6183)

7 min(L26)

~2 min(H47)

Shor¢(A105)

14 hr(S24,013)

80 hr{D25)

2.0 hr{s24)

105 days(D25,0109)

62 hr(G122); -
60 hr(S11)

61.0 min(F111);
50 min (G13)

67 days(H42,613);
61 days(651)

3.5 hr(H56)

10.0 hr{B121);
.11.5 hr(B¢7)

20 min(H47)

Short (A105)

1.3(40%), s.2(60%)(K105,

F111,K112) abs.Al

1.2(811) ol.oh.(x.ﬁ.)

0.83(p%)(P111) spe‘et.

2.16(N102) speot.;

2.6(S11) el.och.(E.U. )3
2.5(G103) abs. AL

1.53{L118) epeot.;

1.6{BS0) abs.

3.5 (K105,H112) abs.Als

$.6(B30) abs.Al

5.1(B121) abs.Al

0.5(D25) abs.

~1.5(K117) abs.Pb

No v(?)(D26)

0.91, 1.88, 2.75(1’111)‘

spect.; 0.908, 1.89
(D28) speot.ooincid.;
0.95, 1.92(R12)
cl.oh.; 1.87(s32)
Be-Y=n; 2.8(1%) .
(647) D-Y~u

¥o v(610%,6122)

0.61(F111) abs.Pb, abs.

Al of e~

‘Wo Y(B102)

~1(K106) abs.Pd

0.7(B121) abs.Pb

Zr-n-u{548)

U-n, Ro 1 B~ decay,
parent of Y91¢(v60%)
(F111) and YSlm
(v40%) (F111), (856,
H47,013,848,K105)

Th-u{B101)

Thea(N116)

Pu-n(8111,F102)

Bi~-a(P56)

Pt-a(T109)

Pb-c(P104)

Bi-d(P104)

U-n, parent of ¥92
(613,647,856,
§110,K105)

Th-n(B101)

Th-c(N116)

v-v(L2)

lI-n.Rbgs ﬁ- decay,
parent of Y9S (HbS,
L26,H28,H47)

U-n, B62¢ g° ggoey.
parent of Y
(H56,H47)

U-n, Rb97 B- deau;.
ancestor of 2rY
(A205)

$r-d-n(824,D13,D26)

1 Sr-p-n(D13,D25)

Rb-a~n(R18)
Sr-p-n{D13,D25)
Sr-d-n(D13,824,D25)

Sr-d-n(S11,524)
Sr-p-n(D18,D25)
Y-n-2n(S11)

8r-p-n(D13,D25) -

Sr-d-2an(P11,E38,
647,0102)

Y-n-2n(H$3,0110)

Y-d-p(S11) -
Y-n-v(311,512) |
Zr-n-p(S46)
Zr-d-a(846)
cb-n-a(%z.sxs)
U-n, Sr'” P~ decay
(B47,6122,651)

B1-d(G62)
Bi-a(P56)
Pt-a(T109)
T1-a(T109)

Zr-n-p(S48)
U-n, Sr91 g.‘ decay
(647,013 :

Zr-n-p(S48)_
U-n, 391

Th-n(B1O1)
Pu-n(F102)
Bi~d(G62)

Zren-p(346,548)

U-n, 5r92 §~ decay
(618,H47,H66,X108)

Th-n(B101)

U-n, Sr” ﬁ- decay
(H47,E66,B104)
Th-n(B101)

2r-n-p($48)_
U-n, Sr9 g decay
(H47,H56,D110)

U-n,Sr” ﬂ' dog’y.
parent of 2r”’ (A106)
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Isotope Claes Porcent . Type of Half life Energy of Padiation in Mev Produced by
z A Abundance Radiation Partioles Y rays
s 2% A e~ ,¥,L.T. or | 4.5 min(D25) Y-p-n4D13,D25)
* K(D13,D25) : Zren-20(7)(A19)
259 A g* (s12,013) | 80.1 hrgoxm) : 1.07(0104) abs.Al; No v(D25) Yede2n(0104) -
78 hr(D25) 1.0(p¥)(812) ol.oh. - Y-p-n(D18,D26)
) (R.U.),(D25) abs. 2r-n-2n(812,846)
- Mo-n-a(846)
2% 61.51(m21)
PR 11.27(n21) B
zr%? 17.14(M121)
s F 2.5 min(N108) Cb=n-p(?)(N108)
2% 17.30(m21)
PR A Ba Y, o 65 days(B106,651); 0,594 (98%), 1.0(2%) 0.73(93%), 0.25(93%), | Zr-n-v(s46)
N 65.5 days(P17); (¥109) spect.; 0.92(7%) (N109) speot.| 2r-d-p(846,J105)
63 days(S46) 0.42(956%), 1.0(6%) conv.; Ho-n-a(846)
(B101) abs.Al - 0.80(E101) abs.Pb U-n, parent of Cb o¢
(35 days) and Cb
(80 hr)(7)(H55,618,
B104,8112,G104,661)
R : p233-n(666,5186 )
Pu-n (F102)
B-a(0115)
Bi-d(G62)
Th-a(N116)
258 2.78(M21)
2r®? ] 8, v /17.0 hr(G18,R1S) 2.2(K113) abs.Al; ~0.8(K118) abs.Pb 2Zr-n-v(846)
1(618) abs. ’ Mo-n-a(346),
Uen, 8r97 7 decay
(Aggs). parent of
cb?’ (618,H39,6105)
U-a(0115)
Th-a(F116)
Zr B 5 sea(A19) Zr-n-v(?7)(A19)
2r B [y 18 min(S46) Zren-v(?)(346,419)
zr 3 g 90 min(S12) ~1.5(546) abs. Zr-d=7(512,846)
2r B g 70 hr(S46) 1.17(846) ol.ch.(K.U.) Zren-1(846)
4 v B 4 min(D9) Zr-p<n(?)(D9)
ch B 12 min(D9) Zr-p~n(?)(D9)
cb E - 38 min(DP9) . Zr-p-a(?)(D9)
®° B g* 18 nr(J121); ~1(J121) abs.Al Zrep-n(?)(D9)
21 hr(D9) 2r-d-2n(J121)
Mo~d-a{J121)
! B E, ;(7; 60 days(J121); ~0.15(S46,M58) abse of | Zred-n(J121)
(na), v ~55 days(546) o~ 0.94(M33)
(!b92 A [ gR3 10.1 days(E58); 1.38(842) ol.oh.(K.U.)s | 1.0(M33,X58) 2r-pen(M38)
11 dmys (342,813) 1.38(E58)3 Cb~n-2n(S42,813)
0.59(M38 ) Cb-d-t(K58,W62)
3 Mo-n-p(S46)
¥ ¥ B .v(wez) 21.6 hr(W62) 1.2(W62) abs.Al 0,6(W62) abs.Fb Cbd-2(W62)
o’ 100(863) ’
S 1.7. (Ws6) 42 days(W56) ' Cb-x-rays (W56)
o A 1.2.,0° 2008 6.6 min(842) 1.5(6138) ocoincid. 0.058(C138) atm. of e ; | Cb=-n-r(842,813,P2)
B~ #0.01%) - abs.Al 1.0(C133) abs.Pb Cb-d-p(K67,W62)
(650, 6188) B .
%5 A I.2., e 90 hr(L113); 0.24(L113,L114) spect. | U-n, 2% B~ decay2%)
(~100%) 80 hr(E101) conv. (mol,mos.sg&z).
(L113,L114) rent of Cb
8162,1114)
o A B (L103,F104,| 36 days(E101); 1 0.15(6104,E101) abasAl; | 0.76(Wl12,B48) speot.; | Zr'° B~ decay(J121)
E106),Y 37 days(J121) 0.154(N109) speot. 0.79(J101) spect.; Mo~d-a(J121)
0.776(N108) speot. U-n, 2r90 p° doca
N conv. MB‘)(GIOQ.GGS
LS B s asys(0121); Zrepen(1)(D9)
4 dnye(D9) 2red-2n(J121)
Wo-d-a(J121)
o’ B By 76 min(618) 1.4(X118) abs.Ad 0.78(X113) abs.Pb No-n-p(346)
. Mo-Y-p(HT4)_
U-n, 2r97 p” decay
(618, 546,H59)
a2 W 16.86(M22)
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Isotope Class Peroent Type' of Half life Bnergy of Radiation in Mev Produced by
Z A Abundance Badiation Partiocles Y raye .
2 W3 s . gy 6.70 hr(xsv), 0.3, 0.7(K57) 1.6(E57) 2r-a~ (X57)
7 hr(D9) . Cb-p-n(DS,K57)
Cb-d-2n(K57,W62)
Mo-d-p(W62)
%73 B g* 17 min(B20,812) | 2.66(846) ol.oh. (K.U.) Cb-a-20(W62)
B : Mo-n~2n(H10,812,848)
Mo-Y-n (B20
. Mo-~d-p (W62
VS 9.12(mz22) |
Mo 15.7(We22) '
¢ 16.6(W122)
w7 9.45(m22)
»% 23.75(W122)
10o® A g, Y 67 hr(s14,R118); 1.3(K105) abs.Al, 0.4(S14) abs.Cu, Pb Zr-o-n(D12,E52)
66.0 hr(8181) 1.5(314) aba.; 0.24(20%), 0. 15(80%) Mo-d-p(S14)
0.24, 1.03(M80) (M120) spect.; 0.77, | Mo-n-v(S14,812)
coincid. abs. 0.815,0.84(891) 1o 98-n-v (M139)
speot.; 0.71(M90) Yo-n-2n(546) .
s coinocid. abs. U-n, parent
of t<);99mmes.ﬂ41.
05
, U2§-n(3184)
Th-n(H24,B101)
Th-u(Nlng
. Pu-n(F102
Bi-a(P56)
a Bi-d(Ge2) -
Tlea(T109)
Pt-c(T109)
1% 9.63 (M122)
" wolo A B, 14.6 min(M25) 1.0, 2.2{M58); ] 0.3, 0.9(u38) Mo-n-v (540,522, 846,M25)
1.8(840) cl.oh.(K.U.) 1o 100_n-y (in 89
U-n, parent of Tol01
(B41,B28) |
w4 B 12 min(841) U-n, parent of Tel%?
(H41)
u°105 B ﬁ- Short(B31) ‘ G-n, &ncestor of m105
(B31)
PERE Y s I B, ¥ 4.6 nin(195) 4.3(ND5) abs. 1.5(k95) abs. %%egn or
Mo9%-a-2n(M95)
170540 D 1.7.,0" (B67) | 63 min(G54) 0.0334 (H67) speot. Mo~p-n (G65)
' conv.
rcm D p‘, R(65%), <58 min{HE7) 2.47(p )(654) spect.; 0.380, 0.873, 1.48, Mo-p-n(G55)
v(054) 2.5(p% ) (496) abs.A) 1.85, 2.74(H67) spect| ™¥-d-2n(196)
1709° B x, T(EM); 652 days (B34 ); o.;(ﬁ }(B201) ol.ch. 0.25, 0.84(E34) abs.Pby| Mo-d-n{C12,024,882)
>, f* 1% 62 days(c12) 0.201, 0.57, O.El, Mo-p-n(Es4)
(nzo1) 1.01(H201) spect., ¥95-a-2n(¥57)
speot. oconv., oolnoid
170% A K, Y, e (ESS) 20.0 hr(ES9) 0.78(E39) abs.Pb; uo-g-n(ns)
0.6(M36) abs.Fb Yoo~ 2n(196)
Ru 5 decay(ES9)
) .
1.%¢ D g*, TOs) | 2.7 nr(m4) 1.2(N96) abe. 2.4(M95) abs. Cb-c-n (K3}
. Mo-p-n(D4)
Mo-d~n (S14)
1% B : K(ES2),8", Y| 4.30 days(B34); 0.64(e” ) (B34) abs.Al; 0.06, 0.5(B6); Coea~a(B32)
(Es) 4.38 daya(G66) no o™ (M57) 0.92(E32) spect.; uo-p-ngxs.asz)
0.8(M57) Mo-d-n(E32)
Ru-n-p(B182)
Mo96-d-2n (M57)
o - :
R Sk A I.7., o (Es4] 90 days{Clz,M57); 0.097(H9) spect.conv.; | Mo® -d-2n(M57)
93 uy-(uss), 0.108(E34) abs. of e~ no-d-n(c12.cz4)
95 days(ES4) ’ i;'
, K aooay(lnso.xss)
9 )
170% B B LE() Y 2.7 days{o127);’ 1.3(M96) abs.Al; 0.9(M36) abs.Pb; Mo a-2n (u96)
. P {o127 2.8 days(u98) 0.75(6127) abs.Al 1.0(6127) abs.Pb Bu-n-p(0127)
% x ~2 aays(514) . ' no-a-n(su)
9¢ul - _ A
Te A 1T, 0, Y 8.0 hr(B127); 0.136(S14) spect.conv.; p deoay(814)
(814) 6.6 hr(814); ~0,18(814) abs.Cu,Pb m-n-p(alsz)
8.1 m-écms); Uen, %99 8° decay
6.9 hr(M121) (841,6110)
Th—n(BlOl)
99 -
To A g 9.4 x 10 yr(486) 0.52(M86) abs.Alj No T(3164,k86) 299 1.1, (s14)
(19) m.s. 4.7x105 yr(P107); ~0.4(L115) abs.al; U-n(S164,L116)

~3x10° yr(3164)
yield

~0.3(8164) abs.Al
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Isotope Class Peroant Type of Half life Energy of Radiation in Mev Produced by
z A Abundance Radiation Partioles Y reys
s S p §,v(B8) 65 min(E5) 2.5(E5) abs. o-p-a (E3, D4, B5)}
Ru-n-p(B182)
2810 D [ %6.5 hr{D4) Mo-p-n(D4,B127)
Bu-n-p(B1352)
-'1‘00'01 E g 18 seo(D9) Mo-p-n{D8,D3) «
s B, Y 14.0 min (M25) 1.3(u38); 0.30(u38) | w20 B aeeay(ss0,
1.1(840) ol.oh.(K.U.) S46) R
U-n, ¥o101 B decay
(s22,He1,M28)
00109 B, v 80 ses (M95) 2.5(5) abs. 0.6(M95) abs. 5 % 4-n or
04 o100_g-2a (M95)
1ol ? 8" <1 min(H41) ' Ton, Wo'O2 8™ decay
(H41)
5104
T D K(?), Y(6127)] 60 days(G1r27) Ru-n-p(6127)
1% s g Short(Bs1) Uen, ¥1%%.8" decay,
parent of RulO5(B31)
@ m® F 20 min (D7) . Ruen-2n(7)(D7,P2)
Ru®S A [ e 1.66 hr(ES9) 1.1(8") (E39) abs.Al 0.95(E39) abs.Fb Mo-g-n(ES9)
(Bs9) M092-a-n(E39)
Ru-n-?n(BQ)ss
N Parent of Te”°(E39)
58 5.66(E20)
Bu97 A K, Y, 8 2.8 days(S113,5850); 0.23(8113,890) abs.Fb uog‘-a.n(zas)
(5118,590) 8.0 dayas(ML30) Ru-~d-p(S115,890)
: Bu-n-v{$113,M130,390)
Parent of To97m
(M130,M69)
PR 2.22(E20)
PR 12.81(E20)
’ Rumo' 12.70(820)
% 16.98(E20)
2102 51.36(220) .
Bulos A B, 42 days (S113,590); 0.25(651); 0.3, 0.8 0.56(6106,5118) abs.Pbs| Ru-a-p(L13,5113)
41 days (B87); (woak ) (S113) abs.Al; 0.4(B87) abs.Fb Ru-n-v (8113}
45 days(N15); 0.76(B87) abs.Al U-n(N12,N15,6104,
37 days(G51) Sllsg, parent of
Rh103m(5150)
' 1v238-n(G65,5184)
Th-n(B101)
Pu~n (F102)
Bi-d(G62)
Pb-a(P104)
104 d : -
Ru 18.27(B20)
08 B [ 4.5 hr{S113); 1.4(S113) abs.Al; 0.76(8113) abs.Pb; Ru~n-Y(D7,5115)
4.4 hr(B87); 1.5(B31) abs.; 0.7(B87) abs.Pp Ru-d-p(L13,8113)
4 hr(D7,L13,N12) 1.3(B87) abs.Al U-n, Tol08 g~ dggey
parent of Eh
(BS1,N12,D7,L183,
833,5113)
! Then(833,B101)
N Bi~a(P56)
Poea(P104)
T1-a(T109)
Pt-a(T109)
106 - - 106
Ru, A B 1.0 yr(G106); Very soft(5138) No Y(6105) U-n, parent of Rh
(H96)m.s. 290 days (G51) (G106, 8118, 6107,
cgos,clm)
v233.n(665,8164)
v-a(0107)
Th-n(B101)
Th-a(K116)
Pu-n(F102)
Bs-d(662)
=7 b [y 4 min(B51) ~4(BS1) abe.Al U-n, parent of Eal®7
, (Bs1)
45 nh1°° B K, Y(B}ls). 19.4 hr(L86); 0.6(e7), s.o(p’) 1.2(186) aba.Fb; Ru-d-x&gsns)
o ,p* ¢-6%) 2i hr(s118) (L86) spect. 1.8(5118) abs.Pb Pal0 K decay(L86)
(L86)
mot B K, Y, o 4.3 days(L86); 0.85(L86) abs.Pb, Ru-g-n(Slls)
(s113) 6.9 days (3113) spect. conv. palol

K and §* decay
6)
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Isotope

2

A

Clasa

Percent
Abundance

Type of
Radietion

Half life

“Energy of Badiation in Mev

Particlos

Y rays

Produced by -

45

46

47

Bhl()z

103

g

Rhloan

104

105
106
107

Pd1°l

Pdloj
10

P d104
105
PleB

108

2

P111.09

Nno

111

112

100[

A
(R46)m.a.

100(cs60)

o.s(s.ss)

9.3(563)

22.6(863)
27.2(s63)
26.8(863)

18.5(s68)

B,8%,v(u23),
K(s113)

I.7., e (F31,
S150,W57.)

I.T., Yy ¢
P5,A38)

,_Y(550),
o (C134)

B, ¥, 0

B,y

K, Y(L86)

+

¢90%), B
(~10%) (186)

R(B129)

g (835,K14)

210 days (M25);
215 daye(H77)

57 min(6108,6107);
52 min(FS7);
48 min(Fs1);
45 min(W57,W68)

4.2 min(P5);
4.4 min(P31);
4.7 min(C134)

44 seo(P5,A1)

36.5 hr(8118);
37 hr(B87);
34 hr(N¥12,513)

30 seo(G108,G6107)

9 hr(B128)

24 min{BS1)

4.0 days{L86)

9 hr(L86)

17 deys(B129,MB1)

13 nr(ks)

26 min(S33)

21 hr(s155)

75 min(E6)

16.3 min(E8)

1.04(87), 1.23(8")(x6)
ol.ch.;
1.3(8115) abs.Als
1.1(B")(M23) abs.

0.054 (e~ }(H77) spect.

2.8(C18) ol.ch.;
2.6(HT7) spect.;
2.3(850) abs.Al

0.65(8113) abs.Al;
0.78(B87) abs.Al;
0.5(N1S) abs.

3.55(82%), 2.30(18%)
(P57) spect.,coineid.
abs.; 4.5(5133) abs.&y
4 (6108) abs.Al

~1.3(B128) abs.Al

1.2(B31) abs.Al

2.3(g")(L86) speot.

1.03(K6) ol.oh.;
1.0(S155,H95) abs.Als
1.1(5156) aba.Al

3.6(B51) abs.

.

0.2(8166) abs.Al

0.46 (annth. 7)(8113)
abs.Fb

0.040(!57) abs. argon

of & ; -
0.042{F37) abs. of o

0.069(09,H77) spect.
" oonv. 0.087(F87);
0.09(A38) abs.Al

0.041, 0.18, 0.95
(0134) abs., abs.
of &~

0.38 (weak )(5113) abs.Pb

1.25(1%), 0.73(17%),
0.51(17%) (P67) spect.

0.8(B128) abs.Pb

0.090, 1.8(L88)
abs.Al,Ag,Fb

No v(L86)

No ¥(S156)

Ho v(3156)

‘Ra~n-Y

Bu-dn(S113) -
Rhen-2n(M23,E76)

Bh-n-n(PSl)
Rh-e"~e" (W57)
Rh-x-rayu (w57)
palos g decny
(5122183
U=n, Ru B~ decay
(8150,6107)

Ru-p-n EDQ)
P, AL P2),
~10%) (6137)
Pd-Y-p(H74)

Ru~p-n(L1S)
Bh-n-Y(l)’B.‘l). bv90%)

G187
RalOdm 1,7, (PS)

Bu-d=n(8118)
Ral08 g~ deoay(SllS)
m-t-p(xa)
U-n, Rulos deon
(N12,D7, LlS susg
Th-n(ﬂlol)
T-n, Rul®® g™ decay
(6107,6108,661)
Pu~n(F102)

U-n{B128)

U-n, ru07 8™ decay
(B31)

Rh=-d-6n (LB6)
Sb-d-6s23a (L86)
Parent of RhlCO(L86)

Rh-d-4n(L86)
Sb-d-6222a (L8 2
Parent of Eh10i(186)

Rh-d-2n(M81)

Rh-p-n{¥81) ’

Pd-n= perent of
IESm {B1 29)

Pa~Y-n(P55)
Pa-d-p(K6)
Pd-n-Y(Al,E6)
Ag-n-p(F6)
Ag-d-2p§595)
Ag-t-He>(K60)
U=n, pnrent of Ag

UzgS-n(8184)

109m

Pd=d-p(K6,A1)
Pd-n-v(K6,41)
U-n, parent of Ag
(8s3,N14)
Th-n(833)

111

1
U-n, parent of Ag 12

(s83,H14,8156)
Th-n{833)
T-a(N116)
Bi-d(G62)

Pd-p-n(E6)

Pd-l;-n( E6)
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Isotope
2. A

Class

Porcent
Abundance

Type of
Radiation

Half 1life

Energy of Radiation in Mev

Partioles

Y rays

Produced by

o A%

AEIOG

Aglw

AgIO7

10|

A28

Aglmn

Ag
110

Ag110

Agm

112]

A
(G49) res.
n.act.

§1.35(m21)

48.65(W21)

1.216(L88)

K,

K, ¢, Y(H60,
P6,F5,A4)

1.T., .

1.7., o

8~ ,v(P6)

K, Y, o (K15,

HB9);
8 (K15,D63)

g”,v(3114)

(0-5%)(‘;88)

45 days (BS)

24.5 min(P§,D2)

8.2 days(P6,K6)

44.3(B38,B77);
40 sec(Al2,H34)

2.3 min{A1,B20);
2.4 min(F31)

40.4 sec(W32);
40 seo (534);
39.2 se0(B43)

24.2 weo (HIT);
22 se0(A1,P6);
28 sec(PS1)

225 days(L14,R10)

7.5 days(K6,P6,3116)

3.2 hr(Pg)

5.8 ‘)u-(rns)
22 min(T113)
33 min(P2)

6.7 hr(D4,R5)

2.04(FS) abs.

1.2(e" )(F5) abs,

2.8(H4) ol.oh.

2.6(H97) abva.;
2.8(G4) ol.oh. (K.U.)

1.3(K16) abs.Al;
0.38(S115) abs.Al;
0.69(W112) speot.

~0.24(7), 1.0(8116)
abs.; ~0.8(B30) abs.

3.6{S165) abs.Al;
2.2(P6) ol.ch.

2.2(T113) abs.Al

~3(7113) abs.Al

0.32(8% ) (B38) spoct.

0.282, 0.345, 0.430,

0.660, >1.0(D189)
speot.; 0.29, 0.42,
0.50, 0.62(B6) spect.

No Y(F5) -

1.06, 0.69(E6) speot.;
1.68, 1.06, 0.72(?)
(D19) spect.

0.093(V7,A12,H9) spect.
oonv.; 0.094
(B37,B77) spect.conv.

0.087(H34) spect.conv.;
0.088(B37) spect.
oonv.

1.40(9%), 0.90(47%),
0.66 (44%) (R49) spect.
conv., spect.; 0.650,
0.925,1.51(D19)speots
0.6(K15) abs.Al

Ho v(K6,P6,5116)

0.86(S156) abs.Al

Ho Y(1)(T113)

0.84(weak)(B38) apeot.;
0.53(V7) abs.Pbs
0.7(H9) abs.

Pd-pwa(B6)

Rh~a~n (P6,K8)
Pd-d-n(?G;
Pa-p-r(DR
Pd-p-n{D2,E6)
Ag-n-2n(P6)
Ag-d-+(K58)
Ag-Y-n (3202
Ag-e~-e" 1 $559)
Ag-d-p2n(K15,K31)
Cd-n-p(P6)

Bh-c~n(P6)
Pa-d-n{P6,K6)
Pd-p-n(D2,B6)
Ag-n=-2n(P6,K6)
Ag-d-p2n(?)(K28)
Cd-n-p(P8)
Sn-d-?(L128)

Ag-n-n(FS1)

Ag-x-rays(F9,W32,735)

Ag-e" -0~ 3’

£dl07 K dscay(Al2,
H34,B37,H95)

Pd-p-n{D2,B6) -
Ag-n-7(A1l,F31)
Ag=Y-n (Bz%éggrs )
Ag-g~-e"n
qua”-n-Y(PSS)
Ag-d-p(K12,K15)
Cd-n~p(P6) ’
.
pal®? B~ decay(833)
Ag-n-n(F31
Ag-x-rays(F9 Ws2,155)
Ag=g=-e" (2}
cdl08 K decay(HS4,
B37,H95)

Ag-n=-Y(Al,F31)
AglO9un.y(F33)
cd-n-p(P6)
Cd-Y-p(H97,874)

Ag-n-Y(R10,114,A8,M12)
Ag10% poy(G134)
Ag-d-p(K12,K16,H59)

Pd-d-n{K6,P6)

Pd-a-p(P6)

Cd-n-p{P6)

Cd-v-p{HT4) _

U-n, Palll g~ decay
(E6,883,K14,8116,

g51)
7283.n(G65)
U-a{0116)
Th-c(K116)
Pu-n(F102)
Bi1-d(G62)

¢d-n-p(P6)

Cd-v-p(A74)

In-n-a(P6

Uen, PallZ B~ deca;
(ns.sss.nu.sxssg

u233-n(S184)

U-a(0115)

U-n(T118)
U~n{T113)

Cd-n~2n{P2)

Ag-p-n(D¢,R5,V7,W1)
Ag-d-2u(K12,A12,

’ s4,x1?) )
Ag-g-p3n{H96
Cdlse-n-T(HSE,Glu)
Sb-d-16a4s or

Sb-d-18a4s(L128)
Sa-a-17(L12S)
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" Isotopes

Z

A

Class

Peroent
Abundance

Type .of
Radiation

Half 1life

Enerpgy of Radiation in Mev

Particles ,

¥ reys

Produced by .

48

49

In" 14m

" Inm.

Cdl

Cd1

1

111my

cdlu

calt?

¢ 6115

In109

110

Inlu

In

In

Inl 18t

Inns

12|

0.875(L88)

" 12.39(L88)

12.75(1,88)
24.07(L88)
12.26(L88)

28.86(L88)

7.68(L8B)

4.28(ma1)

g aen) -

1P, ¥, 6

1.t o

I.7., o

K, B (137)
i

B

K, ¥, o (L5T7)

(834,139)

. -
B (1)

P (gu_,'rss)

IT., Y, 0

(B17) .

(L57,L48)

330 days(B43)

48.7 min(W30,W32)

2.3 min(H206)

2.33 days(L57,M125);
2.5 days (05)

45 days (S51);
40 days(Cl4)

170 min(L57);
2.72 hr(M126)

6.5 hr(T37)
.65 min(B17)

72 min(L87)

2.7 days(B17,C14)

20 min(B17);
23 min(T37);
16.5 min($34)

9 min(T39);

17.6 min(834)

105 min(B17)

48 days (B17)

0.6, 1.13(L57) spact.;

0.56, 1.25(M1229 abs.
Al; 1.11(C14) spect.

1.85(M123) abs.Al;
1.5(851) abs.Al,

1.5-1.7(157) spect.

2(g")(187)

1.6(B17) spoct.

2.2(L85) aba.Be

1.5(5’){534) abs.g
1.7(8* )(L67) ol.ch.;
0.47(p"7)(83%4) aba.

0.148, 0.247(H144)
speat. conv.;
0.195 (W30, Ws2)
abs. of &7;

0.145, 0.230(H208)
spect.conv., spect.

0.65(M34) spect.; 0.56
(L57) cl.ch. recoil

0.5(S51) abs.Pb

0.17, 0.25(B17,014)
apeot. conv.

0.16(B17) spect.conv.;
0.12(S544) abs. of e~

0.89(B17,157) spect.
oonv.

0.18(B17,157) speot.
conv.3 0.186(L132)
spect. oonv.

Ag~d-2n (B34,K15)
Ag-a-pn(H95)
€a208.-v (H95,6134 )
Sn-d-?(L123)
8b-d-l4a4z or -
Sb-d-16a4s (L123)

P

Pd-a-n(H206)

Ag-a~pn (H206)

€d-n-n or Cd-n-v{DB)

Cd-x-rays(F9,WS0,
ws2,135)

Cd-s=-s" (W30,W32)

€a110-n.y (6144)

U-n{N9,N14)

11

cd 3-n—n(11206)

cd-d-p(C14)
Cd-n~Y(G5,M10)
€d-n-2n(05)
In-n~-p(8117)
Sb-d-2a2n(L123) ;.
U-n, parent of In
éns,nu.mm)
©233.n(3184)
Th-a(N116)

Ca-d-p(C14)
Cd-n-1{361)
In-n~p(551)
Sn-n-a(?)(8115)
U-n(M123)
y233.n(s184)
Pu-n (F102)
Bi-d(a62)
Th-a(N116)

Cd-d-p(C14)
€d-n-v(¥M10,05)
U-n, parent of In
- (¥9,N14,M04)

117

Ag-oc-2n(T39)

Ag-a-n(K9,T39)
¢d-p-n(B17)
Cd=d-2n(L57)

Sn$4.6 hr) K decay
L87) .

Ag-a~2n{T59,L57) -
Cd-p-n(B17)
Cd-d-n(L67)
In-n-3n{Cl4)

Ag-a-n(739).
Cd~d=n (L57)
Cd~p-n(B17)
In-n~2n(834,739) ~
Paront of 1nll2
(789,834)

Ag-aen (834, 739)

In-p-2n 34,T39)

ImilEn i.m (334,150,
G64)

Cd-p-n(B17)

.Cd-d-n(L57)

In~x-rays(D111)
8all3 X decay(B17,822)

Cd-p-n(B17)
Ca-d-n(L67)
In-n-v(L15,M12)
In-d-p(L57)
In-n-2n{L67)
Sn~d-a(?)(L128)
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Energy of Radiastion in Mev

Isotops Clags Parcent Type of Half life Produced by
z A - Abundance Badiation . Particles Y rays
49 1 A . 8 72 seo (L15,B17) 1.98(L32) el.ch.; . ca-f-u(mv)
1.98(L132) spect. * mllem 1.7, (148,
L57,664)
In-n-2n(L15, P2)
‘ In-y-n(B11,C6)
. In}l3-n-v(G144)
P Y 1.7., o7, v | 4.50 hr(DS6); ., 0.34(L57) spect.conv.; | Cd=d-n(L57)
7) 4.63 hr(132); 0.5(122) abs.Al In-n-n(G5)
4.1 hr(G5,B18) of o= In-p-p(B18)
- In-c~a(Ll6) -
In-x~rays (P7,C10)
- In-e~-e7 (W31
U-n, 4116 (2.5 days)
- 8~ deoay(G5,N14,
¥104)
m® 95.77(mML21)
10116 A g 13 seo(A1,C14) 2.8(C14) ol.oh. Fo v(Ma1) Cd-p-n(D9)
In-n-v{Al,L15),
(25%) (6137)
In-d-p(L15)
Inn6 A B, v 54.31 nin(R103); 0.85(C14,C44) spect., 2,32, 1,31, 1.12, Cd-p-n(B17)
54 min(Al,L15) el.ch. 0.428(D19) spect.; In-n-Y(Al,MI1),
1.8, 1.4, 1.0, 0.6, (75%) (6137)
0.4, 0.2(C44) ol.oh. | In-d-p(Li5)
recoils -2.08(60%), | Sn-v-p(H74)
~1.8640%) (J120)
Be-Y-n reaction
wm!!? A 8~ 117 min(L32); 1.73(C14) epect.; ¥o v(L57) Cd-d-n§Cl4,L57)
1.90 hr(M126) 1.95(M126) abs.Al Sn-v-p(E74) _
) U~n, Cail7 §7 deoay
(G5,N14,M104)
50 Sn ] E(187) 4.5 hr(L87) Sb-d-?, parent of
In{70 min){L87)
satl2 0.90(W121)
snlts A K, 0, ¥ 105 days(C71,B17); 0.085(B17) speot.conv.;| Cd-a~n(Ll7)
~70 days(L17) no Y{C71) In-p-n(B17)
R In~d=-2n(C71)
Sn-d~p(L17)
Sn-n-Y(8108)
~ Sb-4-1082z or
Sb-d-12a2s (L123)
Parent of Inlldm
(B17,822)
anllt 0.61(M21) .
8118 0.56(W121)
spl18 14.07(W121) .
a7 7.64(WL21)
sall® 23.98(M21)
a1e E g 25 min(L17) Sa-n-v(6121)
Cd-a-n(L17)
a318 £ g s nr{117) Cd-a-n(L17)
Snug“ D 1.T., ¥, & 13 days(L17), 0.13(s" ) (1L87) spect. 0.17{187) abs.Pb Cd-g-n({L17}
(Ls7) 14 days (187) Sb-d-a(L87)
sl!l® 8.62(W21)
Sn120 $3.03(WM121)
st A 8" 28 hr(L8s); , 0.4(L86) abs.Al ¥o v(L8S) Sn-d-p(L17)
26 hr(L17) . 8n-n-v(L17)
n120.3-p(L8S)
Th-a(N116)
121,128 N -
Sn c [ 130 days{(L119) 1.6-1.6(L119) abs.Al; Fo v{L119) U—ngLIIS.Gﬁl)
136 dlys(GSlS 1.2(6G61) 1233-n(G65)
th-a(K116)
a2 4.78(Mm21)
120 D # ~80 hr(E55); U-n (H65,K15,5120)
60 hr(KN16) U-a(0116)
l?® D £, 1(5120) | 10 daye(L17,5164); 2.6(5164) abs.Al; 8aed-p(L17)
11 days (HS5,5120); 2,5(C71) abs.Al 8n-n-Y(L17)
9 daya(C71) U-n (B65, $120)
7283.n(5184)
8124 6.11(W121)
8n125 B B, Y 10 min(S173); ~2.2(5173) abs.Al A%0.74(5173) abs.Pb Sn-d-p(L17)

9 min(L17)

8n-n-v(L17,8173)
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Inotope Clasa Percent Type of Half life Bnergy of Radiation in Mev Produ;:ed by
z A Abmdance Radiation Particles Y rays
g0 8126 D g 40 mtn(L17) Sn-a-p(L17)
Sn-p-v(L17)
Sn-p-2n{P2)
si128 ) p’ 47 he(6121) 0.8(6121) abs.Al Sn-n-v(6121)
126 ) 3 ~400 days(L17) Sn-d-p(l17)
A Sn-n-v(?)(8116)

{120 E g 17.5 days(051) 1.7(681) T-n(051)

) 17235-n(Ge5)

2120 E g 7.0 days(G51) 1.8(051) U-n(G51)

smlz8 D B, Y 70 min(N15,H656,58120);] 0.7 or 2,8(5164) abs. 1.2(8164) abs.Pb U-n, parent of spl28

80 min(S164) Al (M5,H65,8120)
2128 D B ‘ ~20 min(E56) U-n(B56)
51 sil? D K, o (C71) 2.8 hr(c71) 0.46(e”) (C71) abs.Al Sp-d-n(C71)
B Sn-p-n(C71)
o8 ) E Y, 0 6.1 hr(c71) 0.20(s”)(C71) abs.AL 1.6(C71) abs.Pb In-g-n(C71)
(cmn) Sn-d-n(C71)
118 + { .
Sb B [ 3.5 min(L123); In-g~n(L16,R16)
3.6 min(R16) Sn~g-n(l)9)
76118 K deoay(186)
sl1? B K 39 hr(c71,LeS) ¥o ¥, no & (C71) 8n-d-n{C71)
. Sn~-p-n(C71)
Sb-d=p3n (LB6)
. Tell9 K decay(l85)
120 A ﬁ’ 17 min(H10,L18) 1,68(A10) ol.qh. Sp-d-n(L18)
Sn-g-n(DS)
Spl20-d-2n(L85)
St-n-2n(P2,H10)
8b-Y-n(B20,P65,498)
Sb-d-t(K14)
Sb-p-pn(R45)
sp120 B K ¥, o 6.0 days(L85) 1.1(L85) aba.Po 0120 a.2n(185)
(L85) Sb-d-p2n(L86)
spl? 57.25(M21) ,
s34 B I.T., o 3.5 min(D59) 0.14(D59) abs. of o Sb-n-v(D54)
(Ds9)
o122 A B, Y, o 2.8 days(L28) 1.36, 1.94(M120,M67) 0.57(R49,M67) spsot. | Sn-d=Za(L18)
(Mz0) spect.; 0.8], 1.64 conv.; 0.96(M36) Sn~p=n(D9)

. (A10, M3B) 03qh., ooincid. abs.; Sb-d-p(L18)
abs.; 1.19,°1,77(u84) 0.80(M34) apeot. Sb-n-v{A1,L18)
coincid. abav, bs.Al Bi-d(G62)

8128 42.76(W121)

2 A B,y 60 daya(LI8) 2.37, 1.62, 1,80, 0.66,| 2.04(weak), 1.708, Sbed-p(L18)
o.oagxsﬁ spect.; 0.732, 0.664, 0,608, | Sb-n-v(L18)
gcvq speat.; 0.121(C76) spect., T-n-a(L18)
¥51) aoinocid. abs.) apect. conv.;

0.74, 2.45(H35,549) (K67) speot.;
spoot.; 2.26,0 0:53 1.72(W112, R49 Jepect.
(M20,M67) spect.; -1.82(M35) coincid..
1.55(N36) abs.; abs.; 1.67(Wee),
0.664(J9) spect.; 1.71(H188) Be=Yen
0.67, 3.46(mes) reaction;

ooineid, aps. 1.70(K66) ol.ch.pair

S B 1.2.(?), B »| 21 min(DS9) 0.02(1.7.)(D69) Sben-v(D69)

¥(DS59) abs. of e~ sb123-pn-v(D59)
sg24= B B, Y 1.5 min(D68) 3.2(D69) abs.Al Sb-n-v(D59)
. 5b123-n-(D59)

128 8 B v 2.7 yr(L120); 0.3, 0.7(S166) abs.Al; | 0.55(L120) abs.Pb; Sn-n-v, B~ deoay

several yr.(G51) 0.56(G61) 0.6(3166) abs.Pb (5165)

‘ 8n=-d-n(L18)
u-n§sxzx,uzo)
u238-n(G65)
Th-o(N116)

gft2e ) 'y s hr(L18) 8a-d-n(118)

. L]

gil26 D ~45 days(L18) Sn-d-n{L18)

sg128 B S 28 days(051) 1.96(061) U-n(651)

P ) g 60 min (W15) 2.8 or 0.7(3164) abs.Al Uen, 8226 §~ deocay

(B16)
127 - 127

b A P, Y 98 hr(S121); 1.2(8121) abs.Al; 0.72(S122) abs.Pb U-n, parent of Te

80 hr(651) 0.8(661) A6,5121,661)
v238.n(s184)
. 129

5120 A [

4.2 hr(A8)

U«n, parent of Te
(a6)
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" Isotope Class Percent Type of -Half life Energy of Radiation in Mev Produced by
Z A Abundance Radiation Particles Y rays
51 Sblsa B o | F 5 min(A6) - U-n, pgrent of 152
: _ * (A8)
1% B g <10 min(A6,W21) U-n, parent of Tel°>
. (A6,521,W21)
7\ Th-n(S21,M21)
s34 B p <10 min(A6) U-n, parent of Te 3¢
' 5y
52 1ellf B R(L8S) 6.0 days(L85) No ¥(?)(L85) Sbed-5n, parent
. . spli8(s.3 mn)(z.ss)
7119 B K, ¥, & . 4,5 days(L85) 0.2, 0.5(e”)(L85) 1.4(185) abs.Fb Sb-d-4n, parent of
(185) . spect. svll9(Les
Bi-d(662)
16220 0.091 (Wi21)
R I 1.7, (R40) 143 days(E40); 0.05(B47,B56) spect. - | Sm-a-n(SL5)
(s1s, 085 125 days(S15) conv., abs.Ag; 0.23, | Sb-d-2n(S15)
(Y6, E40) 0.61(H49) spect. Sb=p-n{S15})
conv., {Y6) abs.;
0.22(E40) abs.Pb
PR A 1.7., 1(B55) | 5x10"% sec(Bss5) 0.23(B55) coinoid. abs.| Tel?1®(143 days) 1
parent of Tol 1(855)
16121 A K, Y(E40) 17 days(E40) 0.61(E40) abs.Po Sb-d 2n(E40)
g-n(E40)
Tel2lm(143 days,
5x10~8 sec) I.T.
(B40,B55)
1012 2.49(m21) |
122,124 -
Te E 1.7., e {7} 30 days(K17) 0.0820, 0.0883, 0.186, | Sb-d-n(?)(K17)
: 0.1573, 0.2108,
} 0.615(K17) spect.
oonve.
10123 0.89 (W21)
o124 4.63(m121)
1612% 7.01(W121) .
10126 18.72(W121)
n . -
161272 A I.T., e (S15)}| 90 days(S15) 0.086(H9) spect. conv. | Te-n=Y(S15)
Te-d-p(Sl?)
I-n-p{S15
U-n, parent of T9127
glm,ssl)
U283.n (65,5184 )
127 - )
1e1? A B 9.3 hr(515,C106) 0.76(C106) ebs.Al No- Y{C106) .| Te-n-¥(515)
. Te~-d-p(S15,T4)
To-n-2n(T4)
I-n-p(515
U-n, Tela;'“ I.T.
(515,N108)
U-n, sb127 B~ decay
(A6, €106)
76128 s1.72(m21)
7o 129m -
e A 1.T., o (S15)| 32 days(s1i5,m08) 0.102{H9) spect. conv.; | Te-n-¥(515)
no hard Y(¥103) Te~d-p(515,T4)
Te~n=2n(T4) 128
M U-n, parent of Te
§355 mos 651)
3-n(665)
129 .
Te A g, Y 72 min (815,A6) 1.8(W112,R49) spect. 0.3, 0.8(6139) abs.Pb | Te-n-v(S15)
Te-d-p(S15,74)
Te-¥-n(B20)
. Te-n-Zn](.HIO, 14)
. U-n, Tol2%m 1.7,
(515,8104,651)
U-n, Sb129 @~ decay(As)
Then(B101)
16150 34.46(W121)
151 -
A I.7., e (816} 30 hr(515,46) 0.177(H9) spect. conv. | Te-n-Y(515)
Te-d-p(S15) 181
U-n, parent of Te
(A6,H22,815)
1351 .
Te A g 26 min (S16) To-d-p(S15)

Te~n-Y(S15)

U-n, Teldlm 1.7,,
parent of 1131
(A8,815)
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Isotope

Z

A

Class

Peroent
Abundance

Type of
Madiation

Half life-

Enérgy -of Radietion in Mev

Particles

Y rays

Produced by

52

.63

TelSZ

T°135

Te
124

126

126

I127

128

128

130

151

132

133

134

135

136

137

138

100 (K30)

B ¥

K(R48,G56)

87, ¥, e

77 hr{A6,M10)

60 min(A6,W21)

45 min{A6)
<2 min(S135)

~1 min(HES55)

4.0 days(L19,D9)

56 days(R48)

13,0 days(L19,T4)

24.99 min(H36)

long (K61)

12,6 hr(L19)

8.0 days(L19)

2.4 hr(As)

22 hr(as,W21);
20.5 hr(B118)

54 min(A6)

6.7 nr(6123,K119);
6.6 hr(s21,D27,W21)

1.8 min(S35);

86 sec(K126)
22,0 sec{E131);

22.5 sec(R51);

18 sec(RLO7)

5.9 sec(S205) -

0.36(N110) abs.Al;
~0.3(B30) abs.

~0.1(weak)(e”7) (R48)

1.1(119) abs.

1.59(7%) (by diff.),
2.02(93%)(589) spect.;
1.05, 2.10(B14)
cl.ch. (K.U.)

0.61, 1.03(R23) spect.
coineid. ’

0.595(D29,D30,D31)
spect.,coincid.;
0.687(T7) cl.ch.

0.9, 2.2(N110). abs.Alj:
~1.35(BS0) abs.

1.4(S123) abs.Al;
1.1(P13) ol.oh.

1.40(25%), 1.00(40%),
0.47(35%) (P10S) spects
1.4(K119) abs.Al;
1.6(5123) abs.

6.5(K126) abg.Al

0.7(mean)(n)(B134) p
recoil in ol.ch.

0.22(F110) abs.Pb

¥o ¥, no e (G56)

0.5(L19) abs.Fb

0.428(7%) (S89% speot.;
0.4(L19) ebs.Pb

0.417, 0.537,.0.667,

 0.744(R23) spect.
oonv., speat.,
colncid.

0.367, 0.080(D30,D31)
spect., spect. comv.,
coineid.; 0.65(15%)
(D60) abs.;
0.4(L19) abs.Fb

'

0.6, 1.4(N110) abs.Pb;
0.85(B30) abs.

0.55(5123) abs.Pb;
0.528(P109). spect.

>1(G123) ebs.Pb

1.6(K119) abs.Pb;
1.5(8123) abs.;
1.27, 2.00(Pl08) spect

2.9(K126) abs.Pb

T-n, 5'0132 p_ decay,

parent of 1132
(A8¢H22,N140)
Th-n(H24)
Th-a(N116)
U-n, parent of 1133
(A6,H22,521,W21)

U=n, SX‘.’]'34 p-lggcuy,
parent of I
(A6,H22) B

Then(P12)

U-n, parent of 1155
(S21,w21)

U-n (H55)

Sb-a-n(L19)
Te-p-n(D9)
Bi-d(662)

Te-d-n(R48) .
Bi-d(G62)

Sbec=-n(L19)
To-d=n(L19)
Te-p-n(D9)
I-n-2n(T4,L19)
Bi-d(G62)

1-n-Y{41,T4)
Te-d-=2n(L19)
Te-p-n{D9)

U-n(K61)

Te-d-2n(L19)
Te-p-n{D9)
Cs-n-a(Wal)
-n(?)(P1L
ARG

Te~d-n(L19,R19)
U-n, Pel31 B~ decay
(S15,A6,H22,6104,
5123, K106, G51
U235-n(665,8184§
U-a(F10,0115)
Th-a{K116)
Pu-n(F102)

Uoni, 1‘e132 " decay
(A6,H22,P12,4106,651),
parent of Xol3
éno«;.noz) :

y233-n(G65)

U-a(F10,0115)

Th-n(B101)

U-n, .13 B~ decay,
parent of Xel33
(H22,A6,521,W21,K106)

v-a(F10,0115)

Pu-n(F102)

Pb-a{T109)

U-n, 'l‘e"54 B- decay
(422,46, P12,P15,K107)

Then (D6)

U-a(F10)

Pu-n(F102)

U-n, 70139 g~ decay,
parent og Xel3b(321,
w21 ,K108), rent
TRk
»90%) (Ws9)

Th-n(B101)

Pu-n(F102)

U-(0115)

U-n(335), parent of
Xe136(1204,T202)
U-n, parent of Xe]'”
(535,848,560, 851)

Pu-n(B51)

U-n, ancestor of
cs138(R107)
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Isotope Class Peroent Type of Half life Energy of Radiation in Mev Produced by
4 A Abundance Radiation Particles Y reys
53 1 > 5 2.6 seo (RLOT) U-n, amestor of
. Bal39(R107)
1 P 30 days (S124) Xe-n-p(S124)
5e Xel? 0.094 (N30)
xe126 0.088(N20) oo
- -
xe*27 B ’ 1.1.(7), o~, | 75 ssc(c41) 0.176, 0.125(041) I-p-n(Ba1,C41)
¥(c4l) spect. oonv.
xe1%7 B o7, v(C41) | 34 days(cr) 0.9(C41) abe. of & Xe-n-v(€128)
B I-p-n{C41)
1-d-20(0102)
xe128 1.90(N30)
2128 26.25(N50)
xe130 4.07(N30)
151
Xe 21.17(N30) U-n(T43) m.s.
xo132 26.96(N30) ’ U-n(T43) m.s.
Xe" F 1.7., & 11 days(C125) Xe-n-a(C125)
' (c12s
X013 A 87, Y, 6 5.3 days(F102,5103); | 0.34(E102) abs.; 0.085(E109) abs.Cu,Pb | Te-a-n(C22)
5.4 days(C22) 0.049(e™ ) (E102) abs.; Xe-d~-p(C22)
. 0.260(W109,W59) abs. Xe-n-¥(R22,C125)
- Al; 0.42(E109) abs.Al Cs-n-p(W2l,C125,W59)
: Ba-n-a(W21,6125,W59)
Uan, I133 g~ decay
(s21,027,W21,B30,
ELO2,W59)
xe 134 10.54(N30) U-n(T43) m.s.
xe1%8 A B", *(B30), e 9.2 hr(Hll4); 0.93(PL09) spect.; 0.247(P109) spect.; Xe-d-p(C22)
(10%)(n24) | 9.4 hr(s21,we1) 0.95(B30) abs.Al; 0.25(W109,W59) abs.Pb | Ba-n-a(W21,547,W59)
0.9(W1Q9,W58) abs.Al; : U-n, 1136 p~ decay
1.0(H114) abs.Al ( 215027,w21).
Xel36m 1.7, (Ws9)
xat S50 " Y(830); 1.7T,, | 15.6 min(R22); 0.52(P109) spect.; Xo-n-t(R22)
Y, o= (W59) 10 min (W59) ~0.5(W109,¥59 )abs.Pb; U-?'ll ::9 = decay
0.6(S47) abs.Al of e~ Gl parent
. (sa7) aboel of 0| O SRS 0eD)
PRl 8.95(N30) Uon (T43) m.s.
" 0137 D 68 min(C22) Xe-d-p(C22)
xe%7 B g 3.9 nin(5205) 4(B30) abs.Al Xe-n-v(R22,5205 )
3.4 min(RZZS; U-n, I137 = decay
3.8 min(S43) (543;. pareut of
cs137(6123) :
Xe 138 )} g 17 min(G21) U-n, parent of cat8
(H28,H22, 69, 621,547)
Xe1%¢ A g 41 se0(D102,0117); U-n, parent of Cs®®
~0.5 min(H28) (H28,H22,H11,D103)
Th-n(H29,45)
Xe“'o A ﬁ- 16 sec(D117); U-n, ancestor of &140
<0.5 min(H28); (H128,5110,0101)
9.8 sec(0101) Then (H29)
U-4(0101)
)(e141 A 8" 1.7 sec{0101) U-n, ancestor of Ce“l
. (s110,0101) -
v-d(0101)
xo143 A . g ~1.3 seo(D102) U-n, ancestor of Pri®d
(s110)
Xel%4 ‘A R Short(D108) U-n, ancestor of cott®
(p1r08)
1 -
X045 D ) 0.8 sea(D120); U-n, ancestor of pri%®
Short(S110) (s110)
130
66 Cs B 30 min(R18) I-a-n{R18)
131 131
Cs B K(K62); 0.2 days(K62); No Y(K62); _ |Ba K decay(K62,Y7)
Y, e~ (Y7) 10.0 days(Y7) 0.145(Y7) abs. of e .
cs132 B K, ¥,  (C125) 7.1 days(C125) 0.6{e”)(C125) abs.Al 0.62(C125) abs.Pb Cs-n-2n{C125)
a3 100(X30)
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Isotope Class Percent Type of Balf 1life Energy of Radiation in Mev Produced by
2 A Abundanoce Radiation Particles 1 rays
*
55 ot A B (K26); 3.15 hr(s92); 2.4(592) abs.Al; 0.7(392) abs.Pb; 0.16 | Cs~-n-Y(Al,M16,K26)
1(892);_ 3 hr(K26) 1(k26) abs. (1.T.)(P106) spect. | Ce-d-plK26)
I.T., e conv.y 0.16(1.T.)
(P106,6G63) (M140) abs. of e~
st A B, v(K26); 2.3 yr(G136); 0.09(25%), 0.66(75%) 0.57(25%), 0.60(100%), | Cs~n-Y(A8,520,K26)
e=(2.5%) 1.7 yr(K26) (E36) spect.; 0.79(100%) (E36,857) Cs-d-p(K26)
(we9) 0.65(S93) speot.; spect.; 0.58, 0.78, Ba-d-a(H103)
0.75(G136) abs.Als 1.35(weak ) (595)
0.64(P106) spect.; speot., coincid.;
0.9(K26) abs.; 0.61, 0.80{P106)
0.8(W68) coincid. abs. spect.
st A 87, v 13 days (F118); ~0,28(F118) abs.Al; 0.9(G140) abs.Ph; Ba-n-p(€126)
12 days(6140); ~0.35{G140) abs.Al 1.2(F116) abs.Fb La-n-a(C125,G140)
10.2 days(C125) . Ue33-n(G65)
Pu-n(F115)
Th-a(¥116)
st A 875 Y, e 33 yr(6123) yleld 0.550(single)(T42) 0.663(T42) spect. Xe-n-Y, Xs 8 decay
(H96) m.s. (T42) ) speat.; 0.57(EL1l5) conv., spect. (T106) 187m
abs.Al; 0.84(50%), - Parent of Ba (E115)
0.5(50%)(S137) abs.Al U-n(G111)
0233-n(665)
Pu-n(F102)
Th-a(N116)
cs1%8 D B, t 33 min(H28) 2.6(G21) abs. 1.2(6123) abs.Pb Ba-n-p($47) _
U-n, X9138 §7 decay
(H28)
Pa-n(67)
- Th-n(AS,H29)
1 - -
Cs 39 A g 7 min(H28); U-n, Xe139 B decay,
10 min(A5) rent of Bal3%
H28 ,He2,H11,H29,
D103) i
Th-n (AS)
cs140 D g 40 seo (H28) U-n (H28)
ceitl A B Short(s110) ¢ U-n, PR g dees‘{.
' ancestor of Cel
(s110)
03142 D 8 Short(H48) . | U-n, perent of Ba“z :
(u48)
243 A P Short(S110) Uen, Xo1%% g decay,
ancestor of Prlt
(s110)
. - : . -
Cs“4 A B Short(D108) U-n, Xsl’f 8 decax.
ancestor of Cel#
, (Dp108)
cel?® D 5 Short($110) U-n, %% g~ dooay,
ancestor of Prlé
(s110)
56 Bal% 0.101(N36)
i3l B K, v{K62);_ 12.0 days(K62); " 0.22, 0.50, 1,7(weak) Ba-n-Y(KSZ.Wg
no g*, o 11.7 days(Y7) (Y7); 0.26, 0.5, 1.2 | Parent of Csl31(E62,Y7)
(Y? (weak) (K62) abs.Pb,
abs. of e~
pal%? 0.097(N36) .
133m| . -
Ba. A I.T., &, Y 38.8 hr(W2g); 0.30(D9) speot. conv.; | Cs-p-n(D9)
(c30)(?) 37.8 hr(0103) 0.276{C30) speot. Cg-d-2n(C30)
conv. Ba~n-2n(K26,W22)
Ba-d-p(W22)
Bi-a(P56)
Bi-d(G62)
Fb-a(P104)
Bal% A K, ¥, o (K62) | »>20 yr(K62) 0.36 (K62) abs.Pb, abs. | Ba-n-v(K62)
of e~; 0,085, 0,320 _ | Bal33m 1.7, (¥9)
(Y9) abs., abs. of ¢ |
cl.ch.
Ba 134 2.42(N36)
Bal® 6.59 (N36)
Bal3® 7.81(N36) |~ ]
2™ - - 137 -
ol A I.T., T, @ 2.5 min(E115) 0.7(e” }(E115) abs.Al, 0.75(E115) abs.Fb Cs ” B~ decay(El15)
. (E115) . coincid. Ba-n~-Y{Al,P2,K26)
at?’ 11.32(N36)
2138 71.66(N36)
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Isotope

Class

Percent
Abundance

Type of
Radiation

Half life

Energy of Badiation in Mevw

Particles

T rays

Produced by

57

56

146

Ba 141

A
(H96) m.s.

0.089(I14)

99.911(114)

0.193(114)

0.250(114)

B,
N

p”, v(c124)

K, Y(We3,M24)

gt (c7e)

g”, v(K20)

B*(ce)

K, Y, o (C74)

K, Y, e (M81)

85 min(D115);
86 min(P8,H28)

308 hr(S181);
12.8 days(E113);
12.6 days{G104)

18 min(H48)

6 min(H48)

<1 min(H1l4)
Short(D108)

Short(S110)

Al

19.5 hr{C74);
17.6 hr(W23)

2.1 hr(c74)

40.4 hr(S181);
40.0 hr(W23);
39.5 hr(B8s)

3.7 hr(K120);
3.5 hr(H48)

74 min(H48);
77 min(K120)

20 min(B123);
15 min (H55)
Short(D108)

Short({5110)

~16 hrs(C74)

36 hrs(C74)

140 days(P14)

2.3(330) abs.

\

1.05(Re9) speot.; 0.4
(25%), 1.0(75%) (EL04)
abs.Al;

1.25330) abs.;

1.1(L104) abs.

0.84(C74) abs.Al

0.90(20%), 1.40(70%),
2.12(10%; (011) spect.
1.41(w23) abs.Al,
spect.; 1.45(W112)
spect.; 1.8(L104) abs

2.9(K120) abs.Al

0.6(K26) abs.Pb,Cu

0.529(N109) spect.;
0.54(R49) spect.,
speot. conv.; 0.5
(26%) (B104) abs.Fb

0.88(W23 )abs.Fb

No v(C74)

0.335(2%), 0.49(5%),
0.87(10%), 1.65(77%),
2.3(6%)(R49) spect.;
0.335(1%), 0.49(7%),
0.83(14%), 1.63(74%),
2.3(4%) (M120,M67)
spect.; 2.49(weak)
(W64) D-Y-n reaction

Fo v(?)(X120)

0.28, 0.76(C74) abs.Fb

0.18, 1.8{(C74) abs.Fb;
0.18, ~0.8(P68 Jaba. Pt

Ba-d-p%PG.KZS)

Ba-n-Y{Al, P2)
-n-p(PB)

Ce-n-a{W22)

Uen, Csl39 B~ decay
(H29,H22,R11,D103)

v-v(L2)

Th-n(B101,A5)

Pu-n(S111,F102)

U-n, Xe“o(and Cs14°)

deoay, parent of

Enl‘wmza H48,H22,
621,5110,0101,G61)

0233.5(s184)

U-d(0101)

U-a(0116)

Then (B201)

Th-a(0115,N1186)

Pu-n(Slll F102)

Uen, Cs
parsnt of mﬁi(ﬂ«za)
Then (R16,H14)
v-v(L2)
U-n, 0314 ﬁ dogay,
parent of Ll (348)
Th~n (H15,H14 )
U-v{Le)
U-n, parent of o143
(H14,H15)
Th-n{H15)

U-n, descendant of
Xel44, ancestor of
cel44{D108)

U-n, descendant of
X145, ancestor of
Pri45(s110)

Cs=-a-2n(C74)

Ba d-n (W23, 1524)
g-n(WZS ,mez
135 g+ decsy(Cu)

Cs-a~n(C74)

Ba-d-v{1)(W23)

La~d-p(P8,We3, k24 )

la-n-7(P9,M 3,M28,
M24, GM))

Ce-n-p(W23

U-n, Bal40°B7 dscay
(st B48,H22,G21,
G104, 051;

y233-n(G65

Th-n(B101)

Pu-n{S111,F102)

U-n, Bal*! " decay,
parent of Cel? 1(ked)

Th-n(C16,B101}

U-n, Bauz g- deocay
(H48)

Th-n(HlE')

U-n, Balt " deony
o) ,H15), parent
of 69145(3125)

U-n, desoendant o(‘v
xgl“, parent of
44(p108)

U-n, descendant of
Xol4, ancestor of
Prl46(5110)

La~d~-6n, perent of
1a136(c74)

La~d-4n(C74)

Ba-a-2n(P14)
La-d-2n{P14)
Bi-d(G62)
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Isotope Class Percent Type of Half life Energy of Radiation in Mev Produced by
4 A Abundence Radia tion Particles Y rays
58 cel40 88.48 (114)
colt? A S e,y 28 days(B106); 0.60(B108) abs.Als 0.21(B108) abs.Fb; Ba-a-n(P14)
(H96) m.s. 30.6 days(P58) 0.66(P58) abs.Al; 0.2(Pl4) Ce-d-p(P14)
0.4(B85) abs.Al Co-n-v(P14)
Ce-n-2n(Pl4)
Pr-n-p(Pl¢) _
U-n, 1al41 8" decey
(G104, B106,0101,B107)
Th-n (B10O1)
Pu-n(F102)
U-d(0101)
cet4? 11.07(114)
Ce“s A 87, T 33 hr(E105,B85,0103); | 1.56(B108) abs.Als 0.5(B108) aebs.Fb; Ce-d-b(P;IA-.BIOB)
36 hr(Pl4a 1.3(B85) abs.Al 0.6(P58) ebs.Pb Ce-n—Y(P14)
. U-n, Lai%S'p" decay,
parent of Pri43(E105,
B123,B108,0103)
Uv-d(0103)
Th-n(B101)
Th~-G(N116)
Pu-n(F102)
cot4Y A ", o~ (P106) | 275 days(B119); 0.548(NL09) spect.; Fo v(5158) U-n._descendant of
(H96) m.s. 300 days (B30) 0.25(N105) abs.; Xel44, parent of
0.30(P106) spect., prl44(B30,H55,6104,
.076, 0.12(e~)(P106) N105.D105.W51g
spect. u233-n(G65, 5184
U-a (0106)
Pu-n(F102)
Th-c(N116)
cel45) D [ 1.8 hr(B110) U-n,_descendant of
Xe , parent of
prl45(B110,5110)
cel*§ D 'S 14.6 min(6157); U-n, parent of Pri%
11 min(G57) (H55,6G57)
59 P49 A gt 3.5 min(P9) 2.5(H90) abs.Al; Pren=-2n(P9,Al,W23,D32)
2.40(D32) cl.ch. Pr-Y-n(H90)
prl4] 100(A31)
PR 8, v 19.3 hr(D32); 2.14(D32) spect.s 1.9(D32) abs.Pb; , La-o-n(D32)
19.2 hr(B8s) 2-23(?106§espeot- ~1.3, ~1.65(P106) Co-~p-n(D32)
speot. Pr-d-p(D32)
Pr-n-v(P9,P2,M13,A1,
w23,D32)
Nd-n-p(P9,P2)
pritd A g 15.8 days (M127); 0.83(P58) abs.Al; No Y(B108,M127) ce1?3 ™ decay(m2s,
(H96) m.s. 13.5 days (P14,P58); 0.95(BL0O8) abs.Al B8S) 14x
14.2 days(0103); U-n, Ce B~ decay
12.7 days(J5) (H55,P14,B111)
U-d(0103)
Pu-n(F102)
144 - 144 -
Pr A g, 17.5 min (N105); 3.07(N107) spect.; 0.155()31109) spect. U-n, Ce decay
17 min(H55); 3,1(B30,B55) ebs.; conv.; 1.25, 0.22 (H55,N105,W51)
18 min(Gl22) 2.99(P106) speot. (S159) abs.Fb U-d (0106)
Pu-n(F102)
Pt D g 4.5 hr(B110) 3.2(K121) abs.Al o v(K21) U-n, C6**5 §~ aecay
(B110})
146 - 146 -
Pr D B, 24.6 min(S166); ~3(S166) abs.Al 1.4(S166) abs.Fb U-n, Ce B~ decay
25 min(GS7) (657)
6o Nat E 8" 2.5 hr(K19) 0.78(K19) Prop-n(F19)
Nd-d-t(17)(P9,K19)
Nd-n-2n(P9,K19,L25)
Nd~Y-n(L26,K19)
¥ 27.13(116)
e 12.20(116)
N 28.87(116)
Nd“d 8.30(116) .
N4 17.18(1186)
¥4 B 87, v 12.1 days(M141); 0.9, ~0.15(G121,M127) 0.55{(¥127) abs.Pbs Nd-n-v{6121,4127)
11 days(6G121,M127); abs.Alj 0.45(¥141) abs. U-n(G121,5160)
11.1 days(B85) 0.76(M141) abs. :
w8 5.72(116)
¥4 D g 1.8 hr(M132); 1.6(885) abs.Al Nd-n-v(M132,6121)

2.0 hr(B8S5)

Nd~d-p(P9)
Nd-n-2n(P8)
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Isotope Class Percent Type of Half 1ife Energy of Radiation in Mev Produced by
z A Abundance Radiation Particles Y rays
60 Has® 5.60(116)
§a°| g * | (Lse) ~5 x 1010 yr(Lsa) 0.011(L3¢) abs. air Naturel source(L34)
N§alt? E J 'y 21 min(P9) - Nd-n-¥(P9,¥18)
Nd F g 11 min(6121) | ¥d-n-v{6121)
61 Pn'%® B K, 0, Y ~200 days(W25); 0.67(W25) abs. Preg~2n(W26,W126)
(W125) (wes,m25) ~1 yr(m2s) : Nd-d-n{K20,kK21)
P B £, Y 2.7 hr(K20) 2{K20) Nd-pen(X20,125)
1 ¥a-a-n(x20,125)
Rdea~p(L25)
P B B, 18 days(K20) 1.7(E20) Nd-d-n(E20)
fiy A B~ (G121,B120) | ~4 yr(B120); 0.223(L124) speot.; Yo v{(M127) u-ngsms,mao)
(1L117,898) ~5 yr(s167) ~o.a§mzo) abs.Al; u233.n(G66)
MeBe 2-3 yr(GIZIS ~0.3(M127) abs.Al
L A £,y 5.3 days(K20,P53) 2.5(P53) aba.; 2(K20) 0.8(PSS) abs. P on-v(P53)
(P53)m.s. Nd-p-n (X20)
Nd-d-2n (K20, K2],L25)
Na-c~-p(E21,L25)
Pl4® 4 8, ¥ 56 hr(I11); 1.2(M121) abs.Al; 0.25(weak ) (W133) abs.Pb | Nd-n-Y, Nd B~ decay
(111)m.s. 47 hr{W25,125,M21); | 1.1(B85) abs.Al (M121,B85)
47,5 hr(B85) U-n(M121)
P F g 12.5 hr(P9) . Nd~d-n{P9)
62 sal%t 3.16(115)
145 P 72 days(112) Sm-n-v(112)
(112)m.s.
sal4? 15.07(115)
*
148 11.27(115)
snl4® 13.84(115)
smi50 7.47(116)
151 A 'y ~20 yr(ilz) 0.06(P113) abs.Al No ¥(7)(P113) Smen-v(112)
(L117,H96) U-n(L117)
Mme8e.
152 26.63(115)
152 B a(H85,L74) 1.0210'% yr(tota] Sm) |2.0(H86) cl.ch. Natural sourse (H85,L74,
(D61) m.s. : (H86); 1.2x1012yr B8Y)
(totel Sm)(W40)
sm53 A g7, v(m15, | 47 hr(M15); 46 nr(PA) {0.78(W116,B88) abs.Al 0.0696, 0.103(H202) Nd-a-n(K19)
(H99) m.s. wils); spect. conv.; 0.57 Sm~n~Y (P9,H20,R11 ,H17,
e (B140) (weak), 0.10(W116) W25,1L25)
abs.Fb, Cuj Sm~n~2n{P9,K19)
~0.6, 0.11(M67) speot.; Sm-d-p(L25,K19)
0.61(weak), 0.11(B88) |Sm-Y-n{L26)
A abs., coinoid. abs. U-n(W116)
U238.n(S184)
Pu-n(W115)
sul54 22.55(115)
s8] B ; B, v 26 min(Wi23); 1.5(W128) abs.Al; ~0.3(W128) aba.Pb Nd-a-n(K19)
21 min(P9) 1.8(K19) Sm-n-‘;(PB.Al.lﬂs,Hn.
L2s
Sm-d-p(L25,K19)
U-n(W123)
%8| & g ~10 hr(W116) ~0.8(W119) abs.Al U-n, parent of Bu®®
65 Ey E 40 days (E20) Sm-d-n(K20)
=% & g 27 ur(p9) Fu-n-20(?) (P9,R11)
Bl% 47.77(H149)
ml%2) s B, ¥, e (T6)] 9.2 hr(P9); 1.88(37)(T6) speot.; 0.123, 0.168, 0.726(76) | Bu~n-¥(P9,u13,H17,
(H99) m.s. K(R2,M142, 9.3 hr(B85) 0.36, 1.8( T(lmz) speot. conv.; 1.0 H20,F11)
BBG) abs.Al (M142) abe.Fb Bu~n-2n(P9)
Bu-d-p(F7,F11)
o2 4 Long(17) Bu-n-(18)
(16,17) m.s
Bul®3 52.23(H149)
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A
(113) m.s.

140 min(S104,B56);
2.5 hr(H17,P9,M13)

(894) speot.; 1.20
(C31) abs. coincid.;
1.18(D33) speot.;
1.40(E11) ol.ch.

Peroomt | pe of ;&_lengy af Badiatz; n Mey Produced by
Abundenoe - Radietion Fbrt oles : ¥ rays
o mi¥ y , Y(RLL g 88 yr(ma)y 0.9(RL1) epeotyy 0,8, 1,1(M148) abe;Ph Sm=d=8n(?) (K20)
(17) m.e. x(ma Bos) | 6o ys(m) 0.8 4ng) abasAly 0.182, 0,848, 0.408, Eu—nr’rgsz@ JR11,F7,F11)
0.6e, 1.0(We8) 1,25(078) speotsoeny: Bu-dep(F11,K70
colnoid, abg.y abs.; €.9(K70)
1.4 (K70) nbaedl; aba.Fo
1,0(B06) abg.Al
% .4 e 23 yr(W}2¢) 0.18(PL18) abe.ALs 0,004 (W104) abe.Al, | fmeney, 8’00 g°
(L117,H06) ~0,3(W104) abe.Al orit, abs,Tl, Hp  decay(112)
M U~n )
mag(ms)
% R 16,4 days(M0¢) ] o.s(co%;. 2.5(40%) 2.0(60%) (M04) abs.Fo 55ene‘r(118§ 150
(n8)mens (M.04) abs.A) U-n (W10, W104
L . . 8" doon (mu.wns)
Pu-n(F102 §
Th-a(NL16
N [ 16,4 hr(W106) ~1.0(~76%), ~1.6(~26%) | 0.2, 0.6(M17) abs.Fb | U-n(W106)
(W108,W12¢) abs.Al Th-a(N116)
B o 60 min (W106,M14) ~2.6(W106,M11¢) abs.Al U-n (106)
6 0a'0? 0,21 (H149) ’
ca®3 B 87(9), 7(F11) | 166-270 days (FL1); Pu~d-2n(F11,E70)
(112) mos »72 deys(Il2); Gd~n-v(112)
>75 days(E70)
a4 2.14(H149)
6al®® | 14.86(F149) |y :
1]
cale 20.61(H149) .
6als? 15566 (H145)
0al08 24.75(H149)
ad159,161 E 9.6 hr(S125); Gd-n-Y (Al,E20,E17)
8 hr(A1,H17)
cal® 21,77 (H149)
St F 87, Y(Re8)  |18.0 hr(k70); 0.85 (K66 ) 0.3(Kss) Gd-n-YéSlb‘S.xss)-
. “ 20 hr(5153) Ga-d-p(K66) -
[ P a.t's dny(élss) . Gd~n-Y(S153)
65 Tbl%2 D B(?), o (W125)| 4.6 hr(W125) E\x-apSnl(les)‘_
o o K, ¢ (W125) 5.1 days(m25) 0.15, 0.4(e”)(mM25) Pu-a-2n (W125)
abs.Al .
w54 D B, K, Y, o= |17.2 hr(Wi2s) 2.6(8%), 0.22(e”)(W125) | 1.4(W125).abs.Pb Bu-a~3n(7125)
(W126) speot., abs.Al
156 D K(?), o (W125){~1 yr(W125) 0.1(e”)(W125) abs.Al “Buwa~2n(W125)
159 .| 100{a38) ' ‘
w0 | 4 & 8.9 hr(H16,M13) * | Toen-v(m17,P9,003,520)
60| 4 : 8™, v(B38)  |75.5 days(B56); 0.546, 0.862(C81).spect. | 0.086, 0.195, 0.212, 6d-d=2n (K70)
(112) m.s. - 77.5 days(€81) 0.75(B56) abs.Alj 0.297, 1.15(c81) To-n-¥(B33)
) 0. 71(K‘70) abs.Al spect. oonv., abs.Pb | °
mel F BT, ¥ 420 days(H139) 0.23(m139) 0.1, 0.5(H139) T-n(aL38)
mi6l F [ 6.6 days(K70) 0.5(K70) abs.Ad 1.28(K70) abs.Pb Ga-d-n{K70)
86 Dy F g 2.2 min(P9) . Dy-n-T(1)(P9)
Dy158 <0.1(W4d) )
yt€0 0.1(W44)
& 21.1(Wee)
oyt€2 26.5(wae)
Dyles 24,8(Wae )
 pyl&4 27.5(M4)
pyl6s1630 o 1.T., °(?) |1.25 min(F3¢) +0.13(6™ ) (Fs2) -abs.AL Dy=n~v(F32)
(F32,F34) ‘ Dyl64-n-v(18)
1.':y165 [ ' 145 ‘min(S94); 0.42, 0.88, 1.25 0.091, 0.37, 0.78(894) |Dy-n-v(H17,H20,P9,

spsot. conv., speot.s
1.1(CS1) abs. coinoid.
~1, 0.37(M67) spect.

M13,M51)
4 Dy164-n-v(18)

v
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Isotops Class Porcent Type of Half life Energy of Radiation in Mev Produced by
b4 A Abundance | - Kadiation Particles , Y rays '
160 .
67 Ho B ~20 min(W125) Tb-a-3y (7125 )
Bot®1 B 8, K, Y(m25)| 4.56 hr(v125) 2.0 (8*), 0.3(e7)(W126) | 1.12(W125) abs.Pb Th-a~2n (W125)
gpect., abs,Al
Ro162 B K, Y, o (W125)| 65 days(W125)~ - - 0.6, 0.16(e”)(M125) abs. Tbe gon (W125)
. . a :
Ho16® p K, Y, o (W125)| ~4 days(wW125) 0.4{e” )(W125) abs.Al Dy-p-n(W125)
Hol6¢ D - 35 min(W125); 0.74(W125) abs.Al Ho~n~2n(?) (P9)
- 47 min(P9) Dy-p-n(¥125)
o165 100(A33)
Ho166 A 'y 27.0 hr(B135); 1.8(B56) abs.Al; Ho-n-Y(HL7,H20, P9,
(17) m.s. 27.5 hr(I7); 1.9(1!31; abs. 3 #31,5128)
27.3 hr(B58); 1.6(1i20) abs.
. 30 hr(s126)
6 102 0.1(ma2)
e16¢ 1.5(%2) ,
£, 168 F I 1.1 mia(P9) Br-n-2a(7)(P9)
gr1 66 32.9(W42) .
et 24.4(W42)
@158 26.9(w42)
169,171 - - ; .
Er c i 9.4 days(K127); 0.353(F127) spect. No Y(B135) Eran~Y (B135)
~10 days (B135) N
Erlsg‘”l' [4 6 min{B56); 7 min(M3) Er-n-Y{M13,M18)
Ert70 14.2(%a2) -
grl?l B a,v, e 7.5 hr(K127); 1.49(6%), 1.05{71%), 0.81(22%), 0.31(71%), [ Er-n-Y(H17,Ps,R24,
(k127) 5.7-7.1 hr(B56); 0.67(22%) (K127) spect.,| 0.113(71%)(x127) B135) 71
12 hr(H17,P9) coineid. spect,, speot. conv. | Parent of Tm
(500 days)(K127)
gel’t F 87, 20 hr(B85) 0.6(385) abe.Al Sron-v(B85)
50 m!68 2 o, e 7.7 hr(¥125) 2.1(n"), 0.24, 1.0(e”) |1.5(v125) abs.P> {8o-a-3n(W125) -
©(W125) (W125) spect., abs.Al
167 8 K(7), ¥, & 9.6 days (W125) 0.21(e” ) (¥125) abs.Al 0.22, 0.95(W125) abs.Fb | Ho-a~2n(W125)
(w125) Ta-d-5216a (W125)
.
Tat68 B K(?)(M126)  |~150 days(¥125) Ho-gea (W125)
o Ta~d-52158 (W125)
ot 6% B I.T., e {}043) 1x10”8 soc(M143) 0.2(¥142) coineid. we oy decay (¥143)
abs. of e
™! 100(A33)
™m0 A i 127 days(B56); 0.98(K133) spect.; No Y(B135,B56) Tm-dep(K133)
. ~125 days (B135); 1.1(BS6) abs.Al . Tmen-v (526,87)
105 days (120) .
Tal I B 1.7., o~ (M143)|2.5x10 sec(im143) 0.1(M42) coincid. 21 (7.5 nr)
abs. of e~ K decay (M 43)
171 - . 171
m B 8 500 days(K128) 0.1(K126) abs.Al; Er ' *(7.5 hr) ~
0.100(K133) spect. a~ decay(K12€) .
70 wit8 0.06 (Wa3)
169 B X, Y(B56), 33 days(B56); 0.2, 0.4(B56) abs.Pb, Tm~d-2n(K132)
e~ (7)(B133) $3.5 days{I105); coincid. Yb-n-v (BS8, B133 )
32.5 days (K133)
,170 4.21(%43)
w17t . 14.26(W43) E
ypi72 21.49(W43)
w73 17.02(W43)~ . '
‘{b”4 29.58(W43) .
i A 1, v(B56) 99 hr(16,B56); 0.5C, 0.13(B56) nbs.Al; |0.35(B56) abs.Ph, Yoen-y (1€)
. (113) m.s. 100 hr{A35); ©.45(A35) cl.ch. coinsic,
102 hr(113)
ni7e 13.38(43)
w177 B . 5 2.4 hr(B56); 2.7 hr 1.3(R56); 1.15(A35)cl.ch. Yo-n-v{E20,H17, M3, F3)

(113); 2.5 nr(n17,
M13)}; 1.9 hr{Aa35)
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7 i’ B » K 1, ¢, 2.15 days(W125) 1.7(¢"), 0.1(e7)(W126) | 1.5(W125) abs.Pb 'hn-a—Sn(Wl?S%
R B (7)(wr2s5) speot., abs.Al Yb-d-2m(W125
Ta-d-3213a (%125)
™} B K, Y, o 9 days(W126) 0.17, 0.7{s” )(W125) Tmeo~2n(W125)
(W125) abs.Al Ta-d-3212a(W125)
w’™ B ) »100 days (W125) Tm-g-n(W125)
178 97.5(454)
- 0
127 A 2.6(154) B~ (H80,L70), 7.3x10" yr(uncorr. 0.215(L70) abs.Al, 0.260(F16) abs.Pb Fatural source (H80)
(180, (67%) (Fa5); for K)(L70) spect.;
M54) v(F16); 0.40(F16) abs.Al
(33%) (Fa5)
1470 B e 3,67 hr(a35); 1.04(W125) abs.Al; ¥o v(B56,A85) Lu-d-p(W125)
3.75 hr(W125); 1.16(F16) abs.Al; Lu-n~Y{H20,H17,M13,
3.7 hr(B56); 1.25(A35) ol.ch. M18,F16)
3.4 hr(F16,D57) Lu-x-rays(D57)
1277 A 8", v(B56) 6.8 days (B56); 0.440(F16) abs.Al; 0.2(B56) abs.Pb; Lu-n-Y{H17,820,F6,F16)
(113) m.s. 6.6 deys(F16,A35); 0.62(B56) abs.Aljg 0.2, 1.3(weak)(W126) | Lu-d-p(W125)
: 6.9 days{W125 0.47(A35) cl.ch. abs.Pb Hf-d-a(W125)
72 et 0.18(M55)
el 7§ 5.30(¥55)
get?? 18.47(M55)
et 27.10(466)
urt?? 13.84(¥55) *
1180 35.11(355)
e 4 g, v(ps2) 46 days(5118); , 0.45(M83) abs.Al; 0.52, 0.30(M8S) abs.Po;| Hf-n-Y(H19) .
55 days (H19) 0.28(N47) abs.Al, 1.4(N47) coincid.abs.] Farent of Ta (p52)
coincdd.; 0.63(V23) 0.52, 0.13(V23) abs.,
- abs., coinocld.; coincid. abs.;
0.8(D52) abs.Al 0.5(D52) abs.Al
" D 1.7., o"(?) | 19 sec(F32) 0.19(e" ) (F32) abs.Al Ef-n-v(F52)
(F32,F34)
75 ml7f B K, Y,.e- 8.0 hr(Wi2s5) 0.12, 0.18, 1.2(s") ~2(W125) abs.Pb Lu-a~-3n(W125)
(W125) (W126) abs.Al Ta-d-p6n (M125)
=17 B K Yy o 2.66 days(W125) 0.11 (0™ ) (W125) abs.Al Lu-0~20(W126)
(w125) Ta~d-pbn (W126)
178 B K, o or p~ | 16 days(W125) 1.1(e"7)(W125) abs.Al Lu-a~n(W125)
(w125)
7189 B 14-21 min(B11,01) Ta-Y-n(B11)
Ta~n-2n (?)(01)
1189 K, o7, ¥(01);| 8.2 hr(01) <0.6(s72)(01) abs. Ta-n-2n(01,P2)
B (?) Ta~Y-n(¥98)
nlflm 1.T., v, o= | 2x107% sec(D52,M83) 0.18(D52) coinoid. abs.| HEXE g7 deca
(p118,D52) . (D118,D52)
181 100(D40)
™8y 8, ¥, o 117 daye(22,852) 1.0(H37) abs.; 1.22(57%), 1.13(37%), | Tm-n-v(01,F6,HS7)
. 0.98, 0.32, 0.050(22); 0.22(4%), 0.15(2%) Ta-d-p(01,22)
0.63(R49) spect.; (R49) speot., speot.
0.499(J9) speot.: conv.; 1.6(22);
1.1(N47) ebs.Al, 0.23(N47) abs.Pb
ocoincid.
'r,alsz B 87, ¥(2)(s62)| 16.2 min(862) 0.2(652) abs.Al Ta-n-¥(852)
764 Wit 0.122(15)
wiel B K ¥, o 140 days (Wes) ~0.14, 1.88 (weak) (We6) | Ta-d-2n(Wes)
ebs. of e~, aba.Pb
wie2 26.77(15)
w83 14.24(15)
w8 20.68(15) ,
w85 A 8, Y(2)(36)| 73.2 days(s207); 0.430(3207,P69) apeot.; | No Y(S84,C68) Won-Y (436,F12)
7% days(Flzg; 0.676(J9) speotes W-n-2n(M36,F12)
77 days (M36 0.6(984) abs.Alj W-d-p(F12)
0.64-0.72(F12) cl.ch. Re-d-a(F12}
wité 29.17(15)
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Isotope Clase Percent” Type of Half 1ife Epergy of Radiation in Mev Produced by
4 A Abundance Padiation Particles Y rays -
n WO, g o | &, v(use)se| -24.1 nr(Fr12) 0.63(70%), 1.33(30%) 0.186, 0.101, 0.086(V6)| W-n-v(M14,A1,M56,F12)
. P59) apect.; 0.562, apeot. conv.; 0,185, | W-d-p(F12
- 1.35(L126) spect.; 0.48, 0.69(M120)
1.5, 0.6{M67) apect.; spect. conv.; 0.90
1.4, 0.6(S84) abs.Al (C31) coincid. abs.,
coinoid.; 0.14, 0.21,
0.48, 0.62, 0.69
(P59) speot. oconv.
75 Re E g* (ce2) 30-65 min(C32,D9) Wep-n(D9,C32)
Re E 13 ‘min(c42) W-p-n(c42)
mi3 g (1), Y, o | 64.0 nr(mrzs) 0.11, 0.27, >0.6(s") 0.22, 1.52(W125) abs. | Ta-c-Sn(W125)
(W125) (W125) abs.Al 1] Wepen(W125)
Re 831 ¢ K Yy o) ~80 days (W125) 0.1(e”)(W125) abe.AL 1.0(W126) aba.Fb Ta-a-2n or
(m125) Ta-a~n(W125)
Re184183 ¢ K 1, 0 13 hr(W2s) 1.6(W126) abs.Pb W-p-n(W126)
(w125) )
184 A B, K ¥ 50 daya(S85); 0.22-0.26(385)3 0.1(e”),{ 0.17, 1.06(s85); W-p-n(D9,C42,¢32)
(s85) 62 days(Fl12) 0.22, 0.86(e 7) 0.86(F12); 0.17, W-d-n(F12)
(c32) abs.Al 1(C32) spect. oonv., | Re-n-2n(F12)
abs.Ph
Re186 37.07(M21)
R1%6[ A g 92.8 hr(652); 1.07(652) abs.Al; Fo v(C42,585) Wed-2n(F12)
(H79) m.s. 90 hr{S16) 1.05(Y4) ol.ch, Wep~n(D9,C32)
Re-Y-n (P55}
. Re-n~Y(816,K7,Y4,FI2)
Re-n-2n(S16,Y4,F12)
Re-d-p(F12)
rel®™ 4 1.7., v(058) | .65x10"% sec(pss) 0.13(D5B) coinoid. abs.| W' B~ deoay(D58)
o
Re %7 62.93(W121) | B~ (Na4) ax10'2 yr(Naa) 0.043(Na4) abs.Al Natural source(N44)
288 A B,y 18.9 hr(G52); 2.05(G52) abs.Aly 2.5 0.16, 0.46, 0.64, 0.94,| Re-n-Y(P2,K7,816,Y4,
(H79) m.s. 18 hr(P2,585) (S16) ol.ch.(K.U.);s 1.43(M67) spect.; F12)
2.5(s85) abs. 0.8(MB4) spect.; Re-d-p(F12)
0.7(885) abs.Pb
76 05184 0,018(N37)
03155 B E, Y(G48) 97 days (K71); 0.75(K71) Abs.Pb Re~d-2n(648,K71)
. 94.7 days(652) Os-n~Y{E71)
04186 1.59(N57)’
0a187 1.64(NS7)
0s1%8 15.5(N87)
0s18° 16.1(N37)
08190 2644 (N37)
08?1 8 B~, v(s36) 32 hr(S36); 1.5(S36) abs.Al; 1.17(G52) abs.Pb 0s-n-Y(K7,536,23)
31,9 hr(G62); 0.95(G52) abs.Al 0s-n-2n{536)
30 hr(23,5104) 0s~d-p{G48)
Ir-d-a(648)
08192 41.0(N37)
05?3 B By Ys o 15.0 days(K71); 0.142(S207) speot.; 0.089, 0.127(8207) 0s-n-7(S36,23)
16.1 days(5207); §0.16(X71) abs.Al; speot. oonv.;
17 days(s36) 0.35(536) abs.Al; 0.13(K71) abs.Po;
0.64(W68) coincid.abs. 0.129(C72) spect.
conv,
7 1'% B £(?), e (7),v| 10.7 days(G52) 0.091(e" ?)(652) abs.Al | 0.26(C52) aba.Pb 0s-d-n(662)
Ir-n-2n(G52)
Ir-y-n{G48)
1192 58.6(563)
1 - - -
L L.T., ¥, o~ | 1.5 min(M15) 0.038(e”)(G146) abs.Al | 0.06(658) abs.Al of &, | Ir-n-v(ML6)
(6135) res. (6135,658) abs.Pb
n. aot.
1r192 A By Y, 8 70 days (F108); 0.59(652) abs.Al; 0.307, 0.467, 0.603(D34)| Ir-n-Y(M5,F6,J4)
(D116,R46) ¢30%) 60 days (M15,F6); 0.68(W68) coinaid. abs, spect.; 0.52(G62) Ir-n-2n(662)
m.s. (We9,5208) 76 days{G52) 0.56(M89) abs.Al abs.Pb; 0.137, 0.209, | Ir-d-p(G62)
0.295, 0.307, 0.516, | Ir-v-n{G48)
0.468 (L81,H6E5) speot.
conv.
1'% 61.5(563)
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Isotopse Class Percent Typs of Half 1life Energy of Badiation in Mev Produced by
Z A Abundance Radiation Partioles Y reys °
77 1% A gy 1.0 hr(052); 2.2(A2) speot.; 1.55(M54,M89) spoot.; | Irn-¥(M15,A1,P2,J4)
(D116,R46) 19 hr{M5,A1); 2.18(W29) speot.s 1.66, 0.38(G52)abs.Pb;| Au-d-ap(?)(c18)
me8e 20.7 hr(S104,5153) 2.11(W29) abs.Al; (189) colnoid. Ir-d-p(662)
2.07(0-52; abs.Alg
0.48(M89) coincid.abs.
7e pl% D E, &, Y(W67)| 3.00 days(We7) 0.5(e”)(W67) abs.Al 0.67, 1.8(W67) abs.Pb | Pt=n-~2n(W67)
1r-d-20(W67),
’ \ aul9l K or B* decay(WeT)
pel%2 0.78(1104)
peios B K, Y, o (W67) | 4.33 daye(We7) 0.10(e”)(W67) abs.Al 0.17, 1.7(Ws7) abs. Ir-a~pn(W6T) -
of o=, abs. Fb Ir-d-2n(W67)
h Pt-d-p(W67)
Pt-n-2n(W67)
Aul9S K deony(We7)
pel 32.8(1104) :

P19 33.7(1104)

196 25.4(1104)

e 1.T., ¢"(?) | 80 min(s37) Pt-d-p(857)

(s37) Hg-n-0(S37)
et B B 18 hr (015) 0.65(S57) abs.; Ptn-v(¥15,537)
. 0.72(K27) abs. Pt-d-p(C19,837,K27)
Pt-n-2n(337)
. Hg-n~-o(S37)
et B B, v(x27) 3.3 days(M15) Pt-n-¥ (M15,P2)
Pt-d-p(K27)
pt1%8 7.25(1104)
P! g 81 min(M5) 1.8(S37,K27) abs. Pt=n-Y(M15,41 ,M14,857)
Pt-d-p(C19,K27,887)
Hg-n-a(S37)
79 At D K or p*(W67) | ~1 day(Wer) Ir-a~4n(W67)
Pt-d-sn(W67)1gl
Farent of Pt~ (W6T7)
aat92 D K, ¥, o (W67) | 4.7 hr(We7) 0.8(a”) (W67) abs.Al ~3(W6T) abs.Pb Ir-a-Sn(W67)
Pt-d-2n(W67)
%] K, o (We6T) 16.8 hr (W67) Irec-2n(W67)
Pt-d-3n(W67), o
Parent of Pt “(W67)

Wl p K, Y. o (W67) | 59.5 hr(WeT) 0.31, 1.8{(s")(W67) 0.88, 1.9(W67) abs. of | Ir-g-3n(W67)
abs.Al o™, abs. Pt~d-2n(W67)

49190 B K, ¥, o (W67) | 195 days(Ws7) 0.08(e” ) (W67) abs.Al 0.17, 1.7(W67) abs. of | Ir-a~2n(W67)

‘e~, abs.Pb Pt-a-2n(WE7) |
al%| B g 18 hr(M16); 14 hr(We7) ) Au-n-20(M16)

2% B 8, 1, e 5.55 days (W67); 0.36(C43) 0.41(C43); 0.41, 1.7 Au-n-2n(M15)

(k27) 6.6 daya(L29,K27) ~ (W67) abs.Pb Pt-d-n{K27)

¥’ 100(D44) ’

Ao A I.7., o (W56) | 7.5 sec (W66) 0.07(e”), 0.256(e” )(F38) | 0.25(W56) aba. of e Au=x-rays (W56)
abs. Al, coinoid. Au-n-n(W56,F38)

Bgl97(25 hr) K decay
(4%) (Fs8)
Aut9® A B ¥, 0 2.7 days (M15,41); - 0.970(86%), 0.605(16%) 0.408(100%), 0.167(15%),| Au-n-v(M15,A1,P2,D33)
(4.7%) (we9) 65.6 hr(D38) - (L84) speot.s.i. 0.208(15%) (L84 )spect. ,| Au-d-p(C18,K28
0960(100%)(320)), speots speot. conv.; 0.4112 |Hg-n-p(837)
0.97(100%) (P59) speot.d (D64) eryst. speat.;
. 0.985(F41) abs.Al. 0.065(F41) abs.,
aoinocid. coinoid.; (C31,863,
R63) coineid.

PRl Y £, 1(27) | 5.5 daysG2s) 0.58(MB6) abs.Al, 0.18(M56) abs.Pb, P D)
coinoid. coincid. Pt-d-n (K27) .
1.01(K27) aba. o.45(x213 abs. Hg-n-p(837)

Au200:2021 5 g 48 min(S37,M52) 2.5(557) abs. Hg-n-p(S37,M52)
. T1-n-a(M32)
8o Hg%® 0.16 (¥50)
| a K, Y, o (F18)| 28 hr(F18); 0.161, 0.130(H38) spect.| Pt-a-n(857)

25 hr(D101)

conv.; 0.125, 0.157
(V8) speot. couv.;
0.166, 0.186(F38)
coinoid. abs.

Au-d-2n(F13,W26, K28)
Au-p-n(D101)
Hg-n-2n(F13,M26)
Bgen-Y(F13,W26,M05,49)
Hg-d-p(K29)

|
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Isotope Class Percent Type of Half life Energy of Radiation in Mev Produced by
2 A Abundance Radiation Particles Y rays
go B%7| a K, %, o~ (F13)| 64 hr(F15,D101) 0.075(H38) spect.oonv.; | Au-d-22(F13,W26) °
0.077(F38) abs.of e~ ( Au-p-n(D101)
Hg-n-2n (F1%,W26)
Hyg-n~-v(F13,W26)
Ret%® 10.1(N50)
ngt®? 17.0(Ns0)
™ D 1.7., &=, v | 48 min(M0,M15); ~0.53(F13) abs. of o~ ; | Pteown(?)(837)
(F18) 45.5 min (B208) 0.222, 0.362(H208) Hg-n-2n(M16,H10,P2)
épeot. conv.) Hg-n-nSY)(B‘l!.WES)
He-d-p(K29)
Hg-x-rays (NB8)
2" 25.5(N30)
B! 13.2(N30)
7% 29.6(N30)
Rg20%2%5| ¢ g™, T(F1s) | 51.5 days(F13) €0.3(¥120,167) speet.; | 0.30(F13) abs.Fb; Hp-n-Y(F13 W26,537)
: 0,46(F13) abs.Al; 0.28(M87) spect. Hg—dvaKZQ;
0.11, 0.44(Wes) Tl-n-p{Ms2
ocoincid. abs.
Hg204 8.7(N30)
53205 A 8 5.6 min(K29,452) 1.62(K29) abs.Al Hgbd-psszi)
. Hy-n-Y(F13,W26)
N Tl-n-p(Ms2)
Po-n-a(M32)
8l 11 D K(?), &, ¥ 10.6 hr(K29) 1.0(K29) abs.Fb Hg-d-2n(E29)
* (ke9)
n D K(?), e (K29) | 44 hr(k29) Hg-d-2n(K29)
nl%®| o E, ¥, o (051) | 1.8 hr(031) 0.4(o”)(051) abs.Al,Be | 1.3(031) abs:Pb Au-03n(031)
n'¥? K. Y. 07(051) | 7 hr(031) 0.5(e”)(051) abs.Al, Be | 1.5(031) abs.Pb Au-o-2n(031)
11200 B K, ¥, o (031) | 27 hr(031) 0.4(e”)(031) abs.Al, Be Au-g~n(031)
n%® ¢ 4 min(K3) Au-gen(?7) (K8)
11202 B K(?), ¥» o= | 11.8 daye(F14); 0.40(M32) Hg-d-2n(K29) |
(x29,M32) 13 days{(Ms2) Tl-n-2n(F14,¥32)
n?0 29,1(N36)
71204 B [ 2.7 yr(V110); 0.80(H141) aba.Als No Y(F1a) T1-n-v(P10,P2,H10)
3.5 yr(F14) o.e'léxfu) ol.ch.; T1-d-p(F17,KR9)
0.77(P106) speot.
2% 70.9(Ns6)
n08[ 4 p™(B116) 4.25 nin(F17) 1.65(F14) abe.; No 1(F17) T1-n~(P10,P2,H10)
1.77(K29) ebs.Al T1-d-p(F17,K29)
Pb-;-B(Bss)
. A RaE?10 g decay(B78)
AcC" 207 A B, v(ce0) 4.76 min (€60,S70) 1.47(871) abs.Al Pb-n-p(B16)
)htur%} source,
AoC 1g decay
mc™% [ 2 g7, v(ce0) | 35.1 min(ce0) 1.72(599) speot.; 2.62(R40) Natural_sourve,
. 1.82(S72) abs. paper The2l2 g decay
209 - 213
91 A s B 2.2 min(H146) 1.8(H146) abs.Al B " a,dgosy, parent
of Pb209(E108,H143)
210 - 214
RaC A g 1,52 min(C60) 1.80(L71) ol.oh. Natural sourcs, Ral'
a decay, parent of
RaD210
82 mP% | K, o, v(H118)|~5 hr(m118) T1-d-4n(H118)
w03 3 L.T.(?) or |52 br{(F17,F14); 0.46(F17,F14,X29) sba. |T1-d-2n(F14,K29,F17,
g(?), e=, Y| 64 hr(D101) of &=, (Fl4,432,L38) E118)
(F14,K29, abs.Pb, (L33) speat., | Tl-pen(D101)
L33,K32) (M32) spest. oonv., Po-n-2n (M32)
0,27(L33,M32) spect. |[Pb204-n-2n(738)
eonv., abs.Fb Pb-Y-n(B53)
204 1.5(N38)
S L1., ¥, ¢ 68 min(us2); 1.1(F14) sbs. of =,  |Ti-d-n(Fl4)
. (F14,u32, 66 min (F14) aba.Pb; 0.90(M32) T1-d-3a(738)
138) Po-n-n(D10,452)
. Pb~x~rays (B53)
B3204 X decay(T38)
208 23.8(ns8)
m207 22.,6(N38)
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Isotope Porcent Typs of Half life Energy of Radiation in lw Produced by
4 A Abundenoce Radiation Particles Y rays
sz M8 52.8(N38)
] I g .32 hr(L108) 0:70(K29,F14) abs.; No ¥, no e (W102); Pb-d-p(T5, K29, F14,F15)
0.68(R49) speot.; no (L108) Pb-n-Y {432
0.750{M32); Bien-p (M2
0.71(L108) abs.Alj Po2lS ¢ decay(H69,E38)
0.70(L108) spect.
mp?0 B, r(reo) . | 22 yr(ceo) 0.0266(L72) speot. ; 0.047(R40); 0,0472( 744)| Natural source, Reg"“l0
0.0292(864) spect. spect. conv.; several ~ deony, RaC'
wesk lines of lower L d;gay. parent of
ensrgy (B35, F42, 132, RaE
133) '
211 - i . : 216
AcB A B, v(87) $6.1 min(S70) 0.5, 1.40(S71) abs.Al 0.8(S71) abs. Natural source, AoA
a decay, parent of.
AcC2l1
212 - : 216
ThB A g7, Y(R40) 10.6 hr(C60) 0.56(572) spect. Natural source, ThA
a decay, parent of
The212
214 - 218
RaB Iy B™, T(R40) 26.8 min(C60) 0.65(572) speot. Fatural souroe, RaA
a decay, parent of
Rag?lé .
(203
83 Bi F a(140) 2 min(T40) Po-d- 1{740)
szoa D a, K(?)(140) | 9 min(T40) 5.83(N117) lon.ch.; Pbe-d-?7(T40}
~5.5(a)(T40) ion.ch.
8§23 »p @, K(2)(140) | 27 min(140) 5.47(N117) ton.ch., Pb-d-7(T40)
abs. mioa;
~5.5(a)(T40) lon.ch.
pf203 D a, K(?)(240) | 56 min(N117); 5.15(F117) fon.ch.; - Pb-d- 7(T40)
- ~100 min(T40) ~5.5(a)(T40) ion.ch.
2% K, e, ¥(T38)| 12 nr(z88) 0.2(s”), ~0.8(e", woak) 0% 4-2n (1 38)
(T38) spect., abs.Al Tl-c—3n('l‘58)20‘m
Parent of Pb ~4%)
(138)
p1?%8| 4 K(7), 6"a ¥ | 6.4 days(R29) 0.74(K29) abs. of ¢”;_ | Tl-o-3n(138)
(L33) 0.93(F14) abs. of e ;| Pb-d-2n(Fl4,F15,K29)
1.1(F14) abs.Pb; Pb207.4-3n(738)
~0.4, 1.1(T38) abs.Pb | Po206 K decay(T38)
81200 100(N36)
me?10 BT (~1008); | 8.0 days{ceo) 1.17(8") (F30,540,L76) | No ¥(G28) Fatural source, RaD?'®
a(10-4-10"5 - N spect.; B",gony, parent of
%) (B116) 4.87(a)(B78) oalc. Po?i¥ and T1206(B78)
Bi-d-p(L13,C26,H27)
Bi-n-v(M29)
211 211
AcC A a(99.68%)(c6q) 2.16 min(C60) 6.619(a,B4%), 6.278 Natural source, AcB
Y(R40); B8~ (c,16%)(H81) speot. B dsgavs parent af
éo.sz%i AcC and AoC
- (C60),Y avtld g decay (666 )
(Cs0)
212 212
The A a(83.7%)(Ks0),] 60.5 min(C60) 6.081(a, 27%), 6.042 Natural souroe, B
v(R40); B~ (a,70%) (L73) speot.; B~ deoay, At 16 g
(66.3%) 2,20(p™)(872) epect. decagi parent of o
E50), Y gqgf 2 and The
(¢60) At o deoay(G66)
213 y - 217
Bi A 8”3 a(2%) 47 min(HES); ~1.3(p”){E38) abs.Al; At aaggnay. parent
(ess), (4%)| 46 min(BS8) ~1.2(p7 ) (H69); of Po?lS(H69,B%8)
9) . 6.86(a)(B38) fon.ch.;
6.0(a)(H69) ion.ch.
mc?l4|  a 0(0:04%) (C60)| 19.7 min(C60) 5.505(a,46%), 5.444 1.8(R40) Baburel souroe B4
B~ (99.96%) (a,66%) (L73) speot.; B decay, At¢l8 o
C60), Y 5.15(p" ){(872) abs.Al, dacagi parent of o
R40) speot. Ral'%1l4 and Rac"?
206 204
84 Po A K(90%), o 9 days(T36) 6.2(a)(T86) ion.ch. Pb" ~g-2n, parent of
(~10%), ¥ B4206(136)
(136)
P27 A K(1008), @ | 5.7 hr(T88) 6.1(138) lon.ch. #2298, 6-3n (236)
(0.01%) . :
(T36)
208 206 .
Po B a(136) 3 yr(136) 5.14(T38) fon.ch. Ho Y(T36) ) -a-Zn(TSGg
) Pb207w0-30(T36
Bi-4-3n(738)
Bi~-p~2n{L111)
o210 A a,Y(R40) 140 days(C60) 6.298(H81) speot.; 0.8(weak)(D53) abs.Pb; | Hatural source, Rag?10

6.308(C66) speot.

0.775(864) spect.
aonv.

B~ deoay(L13,026,

H27)
Pb-o~2n(286) -
Bi-d-n(V4, CRE,HEY)
44210 d.o-yfxlal)
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Isotope Clase Percent Type of Half life Energy of Badiation in Mev Produced by
2 A Abundance Radjation Particles Y rays
w1l 211
84 AcC A '3 5x10° uo(cso) 7.434(L7S) spoot. . Fatural source, AoC
. g‘ cay
Atell K decay(C46,C23)
mc""l"’ A a 3.0x10" 9QQ(H205) 8.776(B70,H81) spect. Natural source, Thczlz
2.6x10~ 7 seo( BBIS g' deoay
3x10~7 seo (D50) Bmelé o deaay(lﬂ45)
Pom's A a(H69,E38) 3.2x10"¢ seo (E38) 8.336(E38) ion.ch.; 81?13 g~ deoay. parent
8,80(H89) ion.ch. 8{ Pb209 (Re3, meg
Bnel7 o deony (M145
RaC'2l4 A a 1.5:10" seo 7.680(B70,H81) spect. Natural source, RaC 214
(D50,R41.l 50)3 p” decay, parent of
1.66x10% se0(J7) RaD210
Bn?18 g decay(S146)
215} - -3 219
AcA A a(~100%) g 1.8%x10°° seo(W60) 7.366(L73) aspect. Faturel source, An
5x10~ ¥y, parent of
(®65) ‘ Aasm and At215
malq afv100%); 0.168 ses(50) 6.774(B70,8581) (a) Fatural source, Th220
8~ (0.014%) apect. a dseag parent of
(E33) ThB212 and At216
P Y a(99.96%); $.05 min(C60) 5.998(a) (B70,H81) Fatural source, Rn22
. p=(0.04%) spect. a decay, parent of
(&51) mB214 and At218
85 as? D K(?)(T115)| 1.7 nr(T115) 5.76(a)(T115) ion.ch. Bi-a-6n(T115)
P D a, K(?7)(1115)] 4.5 hr(T115) 6.66(a)(T116) ion.oh. Bi-or4n (T116)
Yt Y K, v(K132) | 8.3 hr(K132) 1.0(K132) | Bi-o~3n, parent of
Po210(R32)
Pt Y a(40%)(C46); | 7.5 nr(C46,C23) 5.89(a)(T115) lon.ch.; Bi-o-2n (C46,C23)
K{60%) (C46) 65.94(a)(C46) abs. Th-o~25a72(0115)
U-a-31a92 (0115)
a2l A a(W74) 0.25 sec(W74) Bi-g-n(W74)
Ae214 B a(3145) Very short(M146) . 8.7(M146) ton.ch. . decay (M145)
Atns A o(K55,066) ~10"% geo (Go6 )3 8.00(G66) ion.ch.; Natural source,
(Ge6) short (E55) 8.4(K55) ton.oh. AoA?15 p- deon{i
gerent of Aoc2ll(xs6)
18 o decay, parent
of Acczn(G“s‘
e Y a(K33,066) | ~10"° sec(G66); 7.79(G66) son.oh.; Netural source, TaAZlt
(668) . short{¢54 sec)(K33) 7.64(K33) ion.ch. 8~ decay, 'gerent of
R The212 (k3%
Frzzo a decay, parent
of Th0212(066§°
Y N ' 221
a(E38,H69) 0.018 sec(HE9); 7.02(E38) ion.ch.; Fr a decay, parent
0.021 sec (ES8) 7.00(H69) ion.ch. of B1213(E38,H69)
at?18 F a(¥51) Several seo(?)(Ks1) 6.63(K51) fon.ch. ) Natural source, EaA’?
: B~ deoay, parent of
(;214(1(5]3ﬂ
86 =219 B a(M145) Vory short(ML45) 8.0(M145) ion.oh. 220 ;| 4oy, parent
of mc'212(m45)
Bt 7] B a(M145) Very short(i145) 7.8(M145) ion.ch. 221 | doony. parent
of Pozls(lmss.
&IZ].B A a(s146) 0.019 sec(S169) 7.1(S146) ion.ch. anzz a decay, parent
of Rec'214(s146)
2
239 A a 3.92 se0(C60) 6.824(827%)(881,L73) Nntuml sovrcs, AeX22S
p spect. Si%y, ysrent of
AcA
2 .
™2 A a 54.5 seo(C60) 6.282(B70,H81) speot. Fatural sourcs, ThXZoS
a decay, parent of
Tha2l6
anzz A a 3,825 days(C60) 5.486(B70,H81) speot. Natural souroce, R‘226
a dsgasy, parent of
2
a7 22§ B a(M45) Very short(M145) 7.8(M145) o decay, parent
of At214(m45§‘
s I a(G66) ~10"% s80(666) 7.30(666) fon.ch. 223 goony, parent
of as218 [
Fr2%9 A a(G66) ~30 sec (666) 6.69(G66) ion.ch. A°224 decay, parent
of At216(aes)
pp221 A . ( 225
«(838,H69) 4.8 min(H69); 6.30(H69) fon.oh.; Ao a decay, parent

5 min(E38)

6.31(E38) ion.oh.

of At217(B38,H69)
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‘1sotope Class: Percent Type of Half life Ensrgy of Radiation in Mev Produced by
Z A Abundance Radiation Particles Y rays
ar P25 B, ¥(P41,P43| 21 min(P40,P4s) 1.20(Pa2,Pa1) ol.ch. 0.090(L82) abs.AL Hatural scurce, Ao 227
(oK) * a de agéﬂo), parent
of AeX
o8 R;azo A 224
a(¥145) Short (M145) 7.6(M145) 1on.oh. ™" ‘¢_deocay, ront
of anﬂﬁ(uusg-
222 A 225
a(M146) Short(¥146) 6.7 (M146) 1omn.oh. Th decay, parent
of Enzl"(llusr
2 a(s146) 38 s00(5146) 6.5(8146) lon.oh. deony, parent
of En213(s14s§‘
v Y a Y(R40) 11.2 days{(C60) 5.717(66%), 6.606(36%) Fatural sourse, Raas®2’
(L73) speot. a decay, Aokt
=~ deoa; ront of
2!1219 &y, pa .
U-a~19a68(0115)
U-d-17a52 (0115)
‘ 228
mx?%¢| e 3.64 days (L71) 5.681(B70) speat.; Natural source, RATh
5.66(C120) ion.ch. o decay, parent of
220
° U~0~18a62 (0116)
U~d-16a52(0115)
40224 K decay(G147)
Razzs A g~ (ES8,H69) 14.8 days(H69); ~0.2(H69) abs.Alj 29 a decay, parent
14 days(ES8) €0.05(E38) abs. of Ao225(E38,H69)
Ra 226 A e, v(C60) 1622 yr(Al06,K125); 4.791(L78) spest. 0.19(R40) Batural source, 102
1631 yr{C123); a decay, parent of
1590 yr{C60) Rn222
mzz" A g Ra-n-Y, parent of
Ac227(Pr08)
228 - 232
MsTh, A [ 6.7 yr(c60) 0.058(L72) epoct., Eatural source, Th
M abs.Al a decug parent of
g0 40?23 B a(M145) Short({K145) 6.9(M145) fon.ch. 226 & deeny, parent
. of Pr218(u145§‘
Aezzs A a(G66) ~2 min(G66) 6.64(666) ion.ch. 227 @ deony, parent
. of Fr2l9(Ges)
2% A a{~10%), K 2.5 hr(G66) 6.17(G66) ton.ch. 228 deoay, parent )
(~90%) (668 ) of Fre20 and thx224
(066)
PR I a(ES8,H69) | 10.0 days(%39,E38) 5.80(H69,E38). lon.ch. 5 5° deony(Es8,B69)
Pn229 a daclgéﬁlos
Parent of Fr
(E38,869)
U-d-15a435(0115)
. 231
2227 4 a(1.24) (P40, | 21.7 yr(ce9); 4.94(a) (100%) (H148) 0.087(weak) (182,P54) | Hatural sourae, Y
P54),(1.296  13.5 yr(Ce0) fon.oh.; 4.95(a)(85%),[ abs.AY a degay, parent of
(P112); P 4.6{a)(16%)(G61) 1on RdAc%?T and AgK22S
(99% (P40, ch.; 4.95(a)(P112) Ra227 = deony(P105)
P112); Y,0" ion.ch.; very soft -
(Ls2 (g~ )(L82) .
2 Nl BN 8", v(c60); | 6.13 nr(ceo) 1.56(8")(L6) speot.; Natural_source,
a(G40) 4.5(a)(640) abs.air MaTh 228 g= decag.
paresit of RATHZEB-
o0 ™Y  a a(M145) Short(M146) 7.2(M146) ton.ch. € o docay, parent
. of Ra220(d145) )
m?% A a{i145) 7.5 min(M146) 6.6(M146) ion.oh. #?*° o deoay, parent
of Ra221(M145)
226 20
Ta A a(s146) 30.9 min(S146) 6.5(S146) ton.ch. deony, parent
v of nazzz(sus)
227 . 227
Rddo A a, 7{C60) 18.6 days(P110); 6.049(20%), 65.988(25%), FKatural source, Ao . .
18.9 daya(C60) 5.784(20%;, 8.717 8" geoay. parent of
(15%)(L78) spect. AeX223
. U-d-13a32(0115)
patn228]  a a, v(C60) 1.80 yr(c60) 6.418(83%), 6.533(17%) Natural sourse,
(L73) speot.; MsThy228 g~ dgeay.
§.38{(C120) ion.oh. refit of ThISZ
U232 o decay(G112)
Fa228 K decay(Gl47)
P o(H69,238) | 7000 .yr(H69) 4.85(H69) fon.oh.; 1*3% & decay, parent
20% yr (B8} ~5(ES8) ion.ch. of m2eb(HEs, BS8)
1230 a, Y(W68) 8.0x10% yr(m124) 4.66(G41) abe.airs Natwal sourcs, Upr2™

8.8x10% yr(C60

4.61(W51) oalor.;
4.66(C119,8120) lon.
ch.

;gggly, parent of
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s | By Y 26.5 hr(K130); 0.085, 0.2(J108) abs.Al;| 0.036(K130)- Natural source, AoUZ-C
* 24.0 hréMS)x * ~0.2(E30) abs.; . a dechy, parent of
24.6 hr(C60) 0.21(K130) Pa281
Th-n-2n (N6,5128)
me® s 100(D45) a 1.39x10™ yr(Rs0) $.98(C120) iom.ch.; Hatural souras(C62,876)
4.20(S78) on.oh. parent of MaTh;2<8
™3 A g~ 23.5 min(S128); 1.6(S128) abs.Al No v(s128) Then-v(M17,5128)
2% min(C12) Th-d-p(6112)
uxlz“ A B, Y 24.10 days(K131); 0.11, 0.20(F40) abs.Al; | 0.092(M60)(1%)(F40); Natural source, 01258
(u60,F40) 24.1 days 5570); 0.13(S72) abs.Al, 0.092(J6) spsct. a decay, parent of
24.5 days (C60) spect.; conv.; 0.093(20%) Ux,254m
c.mofas) apeat.; (B52,B79) spect.conv.
0.205(B79) speot.
91 Pa?%8 B a(M145) 1.5 mio(M145) 6.5(M145) ion.oh. Th-d-8n, parent of
40222 (M145)
n?? 2 a80%), K | 8 min(G6s) 6.46(666) ion.ch. Th-d-7a, parent gf
¢20%) (G66) . 40223 and RaAc%e7
(G66)
. Fp231 a deoay(6147)
e Y abwzg), K 22 hr(G66) 6.09(666) fon.ch. Th-d-6n, parent of
(~98%) (G66) Ac224 and RdTh228
(G66)
229 230
Pa B apv0.1%), 1.5 days(H145); 6.66(H145) ion.ch.; Th“~"-d=3n (E106)
K(100%) 1.4 days (H106) 5.4(H106) jon.ch. Parent of Ac225(H106)
(H145) .
230! - . 230
Pa A g (s146), ¥ 17.7 days{0108); ~1.1(0108) abs.Al 0.94(0108) abs.Pb Parent of U™ (S146)
(o108) 17 days(S146) Th-a-p5n (S146)
Th230-~4-2n (B106)
Th-d-4n (S146)
Pa-d-p2n(0108)
Pa-G~an (0108)
U233-3-an(H104)
231 4 231 __
Pa A a(C60), 3.43x10 yr(V'lOl;; 6.00¢85%), 4.69-4.72 0.095, 0.294, 0.323(M70)} UY p~ decay(S128),
v{s162) 3.2x10% yr(c42 (~15%)(T34) ion.ch.; spsot. conv.; parent of Ao227
5.049(Re2) spect.; 0.308(S179) ebs.Pb Th-d-3n{5§146)
' 6.012(87%), 4.736 .
(13%) (C119) ion.ch.
2% A B, v(6112) 1.32 days(J128); 0.14, 0.4, 1.0(J106) absl 1.2(J106) abs.Pby Th~d-2n(G112,5146)
1.4 daye(0108,5146)3| Al; 1.1(0108) abs.Al 1.0(0108) abs.Pb Th-g-p3n(S146)
1.6 days(6l12) : Pa-d-p(0108)
. Pa 233 a B, 1, 0" 27.4 days(612) 0.4(S38) abs.Al; 0.084, 0.298, 0.309, ™38 g~ deoay(s38,
(re0, 5128, 0.23(H40) speot.; 0.337(181) spect. 612,R39,5128)
N08,F106) 0.65(5128) abs.Alj conv.; &= lines at ¥p237 o deony(L106),
~0.7(F106) spect. 0.068, 0.077, 0.192, parent of U233
0.293(H40) spect.; (s128,855)
0.33(S147) abs.Pb Th-d-n(6112,5146)
Thec~p2n(S146)
uzzu A g™, Y(F40) 6.7 hr{C60} 0.56, 1.55(F40) abs.Al; | 0.70(F40) abs.Pb, W Natural source,
0.45(B39) spect. UX;234m 1.7, (F40),
’ parent of UH284
234m)| - 234
ux, A B, v(Mel); 1.14 min(C60); 1.52(5%), 2.32(95%)(M61)] 0.802(5%)(M61) spect. | Natural source,
1.T.(0.15%) 1.22 min(H142) spect.; conv.; 0.782, 0.822 §~ decay, parenmt of
(Pe0,B39) 2.32(572) abs.Al (B52) spect. conv.; UZ234 and Upp2%4
. 0.396(1.T.)(B39)
spect. oonv.
g2 28 A a(80%), K 7 min{¥145) 6.7(M146) ion.ch. Th-u:-gn, parent of
(20%) (1145) 224 (1045
Pu32 g deoay(J152)
o220 A a(2%), E 1 hr(M145) 6.4(ML456) ton.oh. Th-a-7n, perent of
(98%) (M145) Th225 (M1 45)
0 A o(s146) 20.8 days(S146) 5.86(3146) fon.oh. Pa2% g deosy(s146,
0108), parent of
4 . Th226(5146)
Th-q~6n(S146)
Pa-d-3n(0108)
. . Pa-q-p4n(0108)
U-d-10az (0115)
28 B - | E(oros) 4.2 anys(0108) Pr-d-20(0108)
Pa-c-p3n(0108)
U A a(0112) 70 yr(J109); 65.81(J125) abs.Al; Theg-4n{F115)
30 yr(6112) 5.27(R122) Fu232 g~ decay
, (6112,0108)
Pu236 g den-y(dlosg.
parent of RATHZ2
(6112)
Pa-d-n(0108)

Pa~g-p2n{0108)

Y
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9z v2B A a(5128,865); | 1.62x10° gr(mos), 4.825(B38) on.oh.; 0.31, 0,080, 0.040 225 8= aeony(sizs,
. Y, e~(5168) 1.83x10° yr(L121); 4.80(C110) abs.air (weak)(S168) aba.Fb, 855% parent of
1.2x10% yr(5128) Cu,4l 228 (6o, 238)
v, A 0.0051 e 2.86210% yr(c126, c54), 4.765(C119) fon.ch.s ura}, sourse,
(w118) 2. ssmog yr(N4l) 4.78(875) aba.air; 234m gng Uz234
4.76(877) ion.oh. ﬁ' dco-g parent
of I02¥
. Y 0.71(§39) | o,7(3178,M14] 8.91x10° yreris)y 4.556(C119) lon.oh.g 0.187(8178) abs.Pb; Hatural sourse(DS1),
7.07x10° yr(¥s1) 4.35(B113); 0.162(M144) abs.Fo parent of UYS
8.62x108 yr(B113 4.34(B114) ionm.oh.
N add A ", Y(57); | 6.8 days(WMp07) 0.1%6, 0.35, (1.6%) 0.14, 0.28, 0.53(B116) | U-n-2n(M37,N8,M07,
e~ (B115) (B115) abs.Al; abs.Fb A101), parent of
0.26(M37) abs.s® 37 (W72
0.17, 0.22(A101) U-d-t(B115,A101,J109)
abs.Al, oellophane U-g-an (J109)
: Pu2él g decay(K109,
8144)
v, 238 A 99.28(839) | @ 4.51x10° yg(HaL)s 4.180(C119) fon.ch.; Natural souros (B72),
4.498x10° yr(C119) 4.23(S75) abs.air; parent of UX;254
4.21(877) ion.oh.
11239 A B", ¥, & 23.5 min(F107,F39); 1.20(F39,F44) abe.Al; 0.076, >0.3 (weak) U-n-v(H18,Hl4,11,M9,
(F39) 28 min{I1,54); 1.2(W108,1108) abs.Al; (F107,F39,F44) abs.Pb;  S44), parent of
23.2 min(W108); 1.12, 2.06(weak) 0.07%, 0.92(8203) Np259(uza $39,844,
23.54 min(M109) (5203) speot. spect. conv., abs.Pb s182)
U-d-p(8131)
93 szsl A aé1%), K 53 min(G147) - 6.2(a){6147) ton.ch. U-d-9n, parent of
(~99%) : P-227(Gl47)
(6147)
234 234
¥p B K, 1(J109) 4,40 days (H104); 1.9(B104) abs.Pb Pu K deoay(P102)
4.4 days(0108) U233-a-n(H104)
0236-4-3n(J109)
Pa-a~n(0108)
u255-a-p2n§mo4,moz)
0’255—a-p4n J109)
U285-p-2n(G131)
" . 235 2%
Np B K(J109), a 435 days(J130); 5.06(a)(J130) ion.ch. ¥o v{?)(J109) -d-2n E.uosg
~0.1%) 400 days (J109) 0288-g-pn (H104
(5130) U235-g-p3n(J109)
WS 4 g™, v(3109) | 22 nr(s109) Parent of Pu>0(J109)
- 7236-4-n(J109)
U=d-4n€J109)
1233-g-p(H104)
U235-0-p2n(J109)
Np=d~t(J110)
Np~n-20(G132)
’ Npea=ou(J110)
sz” A o(WL07,W72) 2.20x10°% yr(M129,M92); 4.72(L122) abs. mica; Nl B~ decay(W107,W72 )
3x106 yr(W07,w72) 4.75(6113) abs.air; parent of Pa233(L106)
4.73(J102) abs.Al
P A g, v(s79); | 2.10(0126); 0.22, 1.89(J126) abe.Al;| 1.2, 0.076(7126) abs. | Parent of Pu”a(SBO)
8=, Y, o 2.0 days (8131) 1.0(5131) abs.Al Pb, abs. of "3 y2St-d-2n(mo8)
(J107) 1.1(5181) abs.Pb U-d-2n(879,5131,K108)
¥ An?42 g decay(S1e4)
U-appSn(J109¥
U-a-p(J109)
Np-n-v(J107)
Np-d-p(J110)
239 - u239 -
Np A M A 2.3% days(W108); 0.68, 0.3%, 0.090(H125) | 0.057, 0.061, 0.067, B~ decay(M28,839,
(F107, W108] 2.3 days(M268,M19); abs.; 0.47(M28) eba.; 0.206, 0.227, 0.276 $44,5132), parent of
M108) 2,35 days(F107) 0.14, 0.40, 0.83 (8208) spect. oonv.; PuZ33(s152)
(F107) abs.Al; 0.2094, 0.2280, U-d-n(879,5181,4109)
0.78(S131,W108) abs. 0.2774, numerous U-o-p2n(J109)
B Al; 0.288, 0.408, softer v's(F108)
0.673, 1.179(5208) speot. conv.; 0.22,
spect. 0.27(H25) speot.
conv., spect.
94 Pu? B a(J132) 22 min(J132) 6.6(J132) ion.ch. 5. g-Tn, parent of
uzze(nsz?
284, 2353
Py A K(H104) (~99%) | & hr(H104); 6.2(P142) lon.ch.; U**o-5n (8104, P102)
. P102); a 8.5 hr(P102) 6.0(H104) 1on.ch. Parent of U230 and
H104) &1%) ¥p234(P102)
(Pr02)
¢ 2 a(J109) 2.7 yr(J109) 5.7(J109) 1on.ch. 6 6~ decay(J109)
om240 & deoay(S142) -
Parent of ;U252(J109)

0285-g-3n(J109 )
0253-g-n (H104, P102)
U~a~6n(J109)
Np-a-pén(J110)
Nped~3n(J110)
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oe Y B K(J109) 40 daya(5109) ¥o v(J109) %5 a 2n(5109)
. U-a-5n{J109)
) i Np~-d-2n(J110)
238 -~ 238 _
Pu A a(s80) 92 yr(s142); 5.61(C110,C70) abs.eir; Np“7~ B~ decay(S80,
89 yr(.uzv;; 5.5(S151) abg.alr,Al; $131,K108)
40 yr(s131 5.4(F109) abs.Al; Cm?42 g decay(5142)
6.493(J10) ion.ch. Np-d-n{J110)
U-g-4n(J109)
U235.g-n(J109)
239 - 4 . ; 239 .
Pu A a{k69), ¥, e”| 2.411x10" yr(s56) 6.15(C110,C70) abs.air; | 0.42, 0.2(weak)(S170) Np p~ decay(Ke9)
(6114) oalor.s 5.1(S132)abs.airs abs.Pb; 0.05, 0.3 Fatural source(S134)
2.44x10% yr(W110) 6.16(P101) ol.ch.; (weak ) (G114 ) abs. U-g-3a(J109)
6.140(J10) ion.oh. Pb,Al
P20 A a{J108) ~6000 yr(J109) yield 6.1(J109) ion.ch. U-0-2n(J109)
P Y g™ (S144), a | ~10 yr(s144) 0.01-0.02 (B~)(S144) abs. U-a-n(S144,J109)
(B126) m.s. (K109,5144) hydrocarbon Parent gg,,m?-*l(slug
- . 002%) and U2S7T(K109,5144
. (5145) .
9% An>S® D K(?7)(J129) 1.5 hr(J129) Pu~d-3n{J129)
2> B K(~100%), a [ 12 hr(5144) 5.77(a)(J129) ion.ch. 0.285(8144) abs.Pv, Pu~d~2n(S144)
~0.1%}), o~ abs. of e~ Pu-p-n{J129)
¥(S144) ' Np-a-2n{S144)
P I K ¥, o 50 nr(s1as); 1.3(S144) abs.Py, Pu-d-n(J129,5144)
(S144) 53 hr(J129) . abs. of ¢~ Np-g-n (5144)
P I a(s144) 510 yr(c129) 5.45(s144) lon.ch. PPt 7 decay(s144)
adtml g 8~ (A207) 16 hr(A107); 17 hr 1.0(A107) abs.Al Amen~v (A207,5144)
(s144) Parent of Cm242(S142,
242 . - -
Am A a0.22), B~ | ~400 yr(T114,5144) ~0.5(p" ) (S144) abs.Al Am-n~Y, parent of
(S144) Cm242 and Np238(S144
96 m?®| > a(S142) 26.8 days(S142) 6.3(5142) ion.ch. Pu-a-3n(5142)
Parent of Pu236(S5142)
om24t E K(S142) 55 days(s142) Pu-a~2n(5142)
242, a(s142) 150 dayas(S142) 6.1(3142) ton.ch. Pu-g-n(5142)
An?42 and An?42n g~
deony (5142 5“07)
Parant of Pu238(S142)




Table of the Isotopes

References

Pape 47

(A1) Amaldi, E., O. D'Agostino, E. Fermi, B. Pontecorvo, F. Rasetti
(A2) Alichanien, A. 1., A. I. Alichanow and B.

(A3) Andersen, E. B., Z. physik. Chem. B32, 237 (1936).
(a4) Alvarez, L. W., Phys. Rev. 54, 486 (1958)
(A5) Aten, A. H. W.,Jr., C. J. Bakker and F. A. Heyn, Nature 143, 679

(A6) Abelson, P. H., Phys. Rev. 56, 1 (1939).
(A7) Alvarez, L. W., and R. Cornop, Phys. Rev. 56, 613 (1939) and

(a8) Alexeeva, K., Compt. rend. acad. sci. U. R. S. 5. 18, 553 (1938).
(A9) Andersen, E. B., Nature 137, 457 (1936).
(A10) Amaki, T. T., and A. Supimoto, Sci. Papers Inst. Phys. Chem.

(A11) Alvarez, L. W., private communicetion.
(A12) Alvarez, L. W., A. C. Helmholez and E. Nelson, Phys. Rev. 7,

(A13) Allen, W. D., and C. Hurst, Proc. Phys. Soc.(London) sz, 501

(A14) Amaki, T., T. Iimori and A. Sugimoto, Phys. Rev. 57, 751 (1940).
(A15) Akabori, H., et. al., Proo. Phys.-Math. Soc. Japan 23, 599 (1941).
(A16) Alverez, L. W., and R. Cornog, Phys. Rev. 58, 197 (“40).

(a17) Allen, J., S, V., M. L. Pool, J. D. Kurbetov and L. L. Quill,

(A18) Allen, J. S., Phys. Rev. 61, 692 (1942).

(A19) Ageno, M., Nuovo oimento I, 33 (1943).

(A30) Alvarez, L. W., and R. Cornop, Phys. Rev. 56, 379 (1939).
(A31) Aston, F. W., Mass Spectra and Isotopes. (E-Amold and Co.,

(A32) Aston, F. W., Nature 137, 613 (1936).

(A33) Aston, F. W., Proc. Roy. Soc.{London) Al46, 46 (1934).

(A34) Aldrich, L. T., and A. O. Nier, Phys. Rev. 70, 983 (1946).

(A35) Atterling, H., E. Bohr and P. Sigurgeirsson, Arkiv Mat., Astron.

(A36) Alvarez, L. W., Bull. Am. Phys. Soc. 23, No. 3, 20 (1948).
(A37) Arnold, J. R., and N. Sugarman, J. Chem, Phys. 15, 703 (1947).
(A38) Ageno, M., Nuovo oimento 1, 415 (1943).
(A101) Allen, M. B., Plutonium Project Report RL-4.6.270(July 1944).
(A103) Arrol, W. J., National Research Touncil of Canada, Atomic

(A104) Adams, R. M., and L. G. Stang,Jr.,reported in Plutonium Project

(A105) Adams, R. M., and H. Pinkelstein, Plutonium Project Report

(A106)

(a107)
(A108)
(Aloé)

(1)

(B2)
(B3)
(Bs)
(BS)

(B6).

(87)
(B8)

(B9)

(B10)
(B11)
(812)
(B13)
(B14)

(B15)
(B16)
(B17)
(B18)
(819)

(Bzog
(B21

(B22)
(B23)
(B24)
(B25)
(B26)
(B27)

(B28)
(B29)

(B30)
(B31)
(B32)

(B33)

and E. Sepgrs, Proc. Roy. So¢.(London) A149, 522 (1935).
S. D¥elepow, Physik Z.

Sowjetunion 10, 78 (1936).

(1939).

private communication.

Research(Tokyo) No. 853, p. 1650 (1938).

660 (1940).

(1940).

Phys. Rev. 60, 425 (1941).

London, 1942).

Fysik 32A, No. 2 (1946).

Energy Project Report MPC-26 (June 1945).
Report CN-2799, p. 7 (M¥ar. 1945).

CC-3146 (Sept. 1945).

Ames, D., T. Kohman and J. Sedlet, reported im Plutonium Project
Report CC-3699, p. & (Nov. 1946),

Asprey, L. B., and W, M. Manning, "Preparation and Properties of
Americium-242", NNES-PPR Vol. 14B, Paper No. 22.7 (no date)
(to be issued).

Anderson, H. L., A. Novick, B. Abraham, J. McGuire, H. Flowtow
and N. Chellew, reported in Plutonijum Project Report ANL-4021,
p. 7 (Aug. 1947).

Arnold, J. R., and N. Sugarman, Plutonium Project Report CC~3785
(Mar. 1947).

Bjerge, T., and K. J. BrostrSm, Kgl. Danske Videnskab Selskab,
Mat.-fys. Medd. 16, No. 8.(1938).

Bjerre, T., and K.T Brostrim, Nsture 138, 400 (1936).

Bjerge, T., Nature 138, 400 (1936).

Bayley, D. S., and TR Crane, Phys. Rev. 52, 604 (1937).

Bethe, H. A., F. Hoyle and R. Peierls, Nature 143, 200 (1939).

Bjerge, T., Neture 139, 757 (1937).

Borst, L. B., Phys. Rev. 61, 106 (1942).

Barkas, W. H., E. C. Creutz, L. A. Delsasso, R. A. Sutton and
M. G. White, Phys. Rev. 58, 363 (1940).

Burchem, W. E., M. Goldhaber and R. D. Hill, Nature 141, 510
(1938).

Brown, M. V., and A. C. G. Mitchell, Phys. Rev. 50. 593 (1936).

Bothe, W., and W. Gentner, Naturwissenschaften 25, 191 (1937).°

Barnes, S. W., and G. Valley, Phys. Rev. 53, 948 (1935)

Buck, J. H., Phys. Rev. 54, 1025 (1938).

Bacon, R. H., E. N. Grisewood and C. W. van der Merwe, Phys. Rev.
59, 531 (1941).

Bretscher, E., and L. G. Cook, Nature 143, 560 (1939).

Bretsoher, E., and L. G. Cook, Nature 146, 430 (1940),

Barnes, S. W., Phys. Rev. 56, 414 (195577

Barnes, 5. W., and P. W, Aradine, Phys. Rev. 55, 50 (1939).

Bacon, R. H.,, E. N. Grisewood and C. W. van der Merwe, Phys. Rev,
54, 315 (1938).

BoThe, W., and W. Gentner, Z. Physik 112, 45 (1938).

Brandt, H., Z. Physik 108, 726 (1938).

Becker, R. A., and E. R. Gaerttner, Phys. Rev. 56, 854 (1938).

Barkes, W, H., Fhys. Rev., 56, 287 (1939).

Barresi, G., and B. N. Cacclapuoti, Ricerca sei. 10, 464 (1939).

Bethe, H. A., and W. J. Henderson, Phys. Rev. §6, 1060 (1939).

Bacon, R. H., E. N. Grigewood and C. W. van de_llerwo. Phys. Rev.
56, 1168 (1939). R

Barkas, W. H., E. C. Creutz, L. A. Delsasso, J. G. Fox and
M. G, White, Phys. Rev. 57, 562 (1940).

Bothe, W., end A, Flummersfeld Naturwissenschaften 29, 194 (1941).

Born, H. J., and W. Seelmann-Eggebert, Na turwissenschaften 31,
86 (1943).

Born, H. J., and W. Seolmann-Eggebert, Naturwissenschaften 31,
201 (1943).

Born, H. J., and W. Seelmann-Eggebert, Naturwisaensohaften 381,
420 (1943).

Bradt, H., H. G. Heine end P. Scherrer, Helv. Phys. Acta 16,
455 (1943).

Bothe, W., Naturwissenschaften 31, 551 (1943).

(B34)

(835)
(B36)

(837)
(B38)

(B39)
(B40)

(B41)

(B42)
(B43)

(B44)
(B45)
(B46)
(B47)
(B48)
(B49)
(850)
(851)
(B52)
(B53)
(B54)
(B55)
(Bs6)
(B57)
(B60)
(870)
(871)
(B72)
(873)
(874)

(B75)
(B76)

(B77)
(B78)
(B79)
(B80)
(B81)
(B82)
(s3)
(B84)

(B85)
(B86)

(B87)

(B88)

(B89)
(B101)
(B102)
{B103)
(B104)
(B105)
(B106)
(8107)
(B108)

(B109)
(B110)

(B111)
(B112)

(B113)
(51;4)

(B115)

Bradt, H.,.P. C. Gugelot, O. Huber, H. Medicus, P. Preiswerk and
P. Scherrer, Helv. FPhys. Acta 18, 259 (1945).

Braga, C. A. C., Portugliae. Phys. 1, 159 (1944).

Bradt, H., P. C. Gugelot, 0. Huber, "H. Medicus, P& Preiswerk and
P. Socherrer, Helv. Phys. Acta 18, 2562 (1945).

Bradt, H., P. C. Gugelot, O. Huber, H. Medious, P. Preiswerk and
P. Scherrer, Helv. Phys. Acta 18, 256 (1945).

Bradt, H., P. C. Gugelot, O. Huber, H. Medious, P. Preiswerk and
P. Scherrer, Phys. Rev. 68, 57 (1945).

Bradt, H., and P, Scherrer, Helv. Phys. Acta 18, 260, 405 (1945).

Bleuler, E., P. Scherrer and W. Z8nti, Helv. Phys. Acte 18,

262 (1945).

Barkas, W. B., E. C. Creutz, L. A. Delsasso and R. 4. Sutton,
Phys. Rev. 57, 1087 (1540).

Bleuler, E., and W. Zlnti, Helv. Fhys. Acta 19, 137 (1946).

Bradt, H., P. C. Gugelot, 0. Buber, H. Medious, P, Preiswerk,

P. Scherrer and R. Steffen, Helv. Phys. Aota 19, 218 (1946).
Bradt, H., P. C, Guzelot, O. Huber, H. Mediocus, P. Preiswerk,

P, Scherrer and R. Steffen, Helv. Fhys. Acta 19, 219 (1946).
Bradt, H., P. C. Gurelot, O. Huber, H. Medicus, P. Preiswerk,

P. Scherrer and R. Steffen, Helv. Phys. Acta 19, 221 (1946).
Bradt, H., P. C. Gugelot, O. Huber, H. Medicus, P. Preiswerk,

P. Scherrer and R. Steffen, Helv. Phys. Acta 19, 222 (1946).
Burson, S. B., P. T. Bittencourt, R. B. Duffield and M. Goldhaber,

Phys. Rev. 70, 566 (1946).

Barkas, W. H.; E. C. Creutz, L. A. Delsasso, R. A. Sutton and
M. G. White, Phys. Rev. 58, 194 (1940).

Barkas, W. H., E. C. Creutz, L. A, Dolsasso, R. A. Sutton and
M. G. White, Phys. Rev. 58, 383 (1940).

Bower, J. C., and W. E, Burcham, Proc. Roy. Soc.(London) Al73,
379 (1940).

Bradt, H., and P. Scherrer, Helv. Phys. Acta 16, 259 (1943).

Bradt, H., and P. Scherrer, Phys. Rev. 71, 141 T (1947).

Baldwin, G. C., end G, S. Klaiber, H\ys. Rev. 70, 269 (1946).

Bonner, T. W., and W. M. Brubaker, Phys. Rev. 48 742 (1938).

Bittencourt, P, T., and M. Goldhaber, Phys. Rev. 70, 780 (1946).

Bothe, W., Z. Naturforsch. 1, 173 (1946).

Becker, R. A., A. O. Hanson and B. C, Diven, private communication
from W. H. Sullivan (Feb. 1947).

Blewett, J. P., Phys. Rev. 49, 900 (1936).

Briggs, G. H., Proc. Roy. Soc.(lnndon) A157, 183 (1936).

Bramley, A., and A. K. Brewer, Phys. Rev. b 53, 502 (1938).

Becquerel, H., Compt. rend. 122, 420, S01, 659, 609, 762, 1086
(1896). * '

Bleuler, E., P. Scherrer, M. Walter and W. 28nti, Helv. Phys.
Acta 19, 421 (1946).

Bleuler, E., P. Scherrer, M. Walter and W. Zinti, Helv. Phys.
Acte 20, 96 {1947).

Bleuler, E., and W. 2finti, Helv. Phys. Acta 20, 195 (1947).

Bleuler, E., W. Boltmenn end W. Z#nti, Helv. “TPays. Acta 19,

419 (1946).

Bradt, H., P. C. Gugelot, O. Huber, H. Medicus, P. Preiswerk,

P. Scherrer.and R. Steffen, Helv. Phys. Acta 20,°153 (1947).
Broda, E., and N. Feather, Pros. Roy. Soc.(London) A190, 20(1947).
Bradt, H., and P. Scherrer, Helv. Phys. Acta 19, 307 11946).
Bleuler, E., and M. Gabriel, Helv. Phys. Acta 20, 67 (1947).
Barber, W, C., Phys. Rev. 72, 1157 (1947).

Berggren, J. L., and R. x.'ﬁaborne, Bull. Am. Phys. Soo. 23,

No. 3, 46 (1948).

Becker, R. A., A, 0. Hanson and B. C. Diven, Phys. Rev. 71,

466 (1947).

Bradner, H., and J. D. Gow, Bull. Am. Phys. Soc. Ei_, No. 5, 8
(1948).

Bothe, W., Z. Naturforsch. 1, 179 (1946).

Benes, J., A. Hedgran and N, Hole, Arkiv Mat., Astron. Fysik
354, No. 12 (1948).

Bohr, E., and N. Hole, Arkiv Met., Astrcn. Fysik SZA. No. 15
(1948).

Burson, S. B., and C. O. Muehlhause, Bull. Am. Phys. Soo. 23,
No. 4, 16 (1948).

Ballou, N. E., Phys. Rev. 73, 630 .(1948).

Ballou, N. E., W, H. Burgus, J. B, Dial, L. E. Glendenin, H.
Finkelstein, M. Ravely, B. Schloss and N. Sugarmsn, Peported in
Plutonium Project Report CC-$20, p. 24 (Sept. 1943).

Ballou, N. E., reported in Plutonium Project Report CC-298D, p. 4
(Oot. 1942).

Ballou, N. E., reported in Plutonium Projeot Report CC-528, p. 39 -
(Mar. 1943).

Brady, E. L., reported in Plutonium Project Report CC-529, p. 48
(Mar. 1943).

Brady, E. L., reported in Plutonium Project Report CC~920, p. 49
(Sept. 1943).

Burgus, W. H., reported in Plutonium Projeot Report CC-465,

p. 24 (Fedb. 1943).

Ballou, N. E., reported 1n Plutonium Project Report cc-529,
pp. 55, 57 (Mar. 1943).

Burgus, W. H., reported in Plutonium Project Report CC-680,

p. 13(May 1943).

Burgus, W. H., and N. Sugarman, private camunioation (1943).

Ballou, N. E., reported -in Plutonium Projesct Report CC-529,

p. 59 (Mar. 1923).

Ballou, N. E., reported in Plutonjum Project Report CC -465, p. 19
(Feb. 1943).

Ballou, N. E., reported in Plutonium Projeet Report CC-1112,

p. 17 (Dec. 1943).

British Atomic Energy Projects Report LRG-29.

Brown, B. W., and L. F. Curtiss, Plutonium Project Report A~1965
(Sept. 1944).

Brady, E. L., and W. Rubinson, reported in Plutonium Projeot
Report CC-724 (June 1943).




Table of the Isotopes

References

Page 48

(B116)
(B117)
(B118)
(B119)
(B120)
(51215
(hises
(B124)
(8125)
(B126)
(B127)
(B128)
(B129)
(B130)
(B131)
(B132)
(B133)
(B134)

(B135)

(B187)
(B138)

(B139)
(B140)

(cx)
(c2)

(e

(c5)
(cs)

(e7)
(c8)
(c9)
(€10)

(cxxg
(c12).
(c1s
(14
(c15
(c16
(017;
(c18
(c18)
(c20)
(c21)

{eee)

(c24)
(cz2s5)

(cz6)
(ca7)
(cz8)
(c29)
{cs0)
(cs1)
(cs2)

(ca1)

(ca8)
(ca7)
(cs0)

Broda, E., and N. Feather, British Atomic Energy Projects,
Report BR-615 (June 1945).

Burgus, W., R. Bdwards, H. Gest, C. Stapley,and R. Williams,
reported in Plutonium Project Report CN-2839, p. 9 (June 1945).

Broda, B., British Atomlc® Energy Projects, Report BR-506
(Sept. 1544). ’

Burgus, W. H., reported in Plutonium Project Report CC-2310,
p- 210 (Jan. 1946). :

Ballou, N. E., and C. D. Coryell, Plutonium Project Report
0C-3418 (Peb. 1946). :

Ballow, N. E., Plutonium Project Report Mon C-76 (Feb. 1946).

Brosi, A. R., private communication (June 17, 1946).

Burgus, W., R. Edwards, E. Gest and C. Stanley, Beported in
Plutonium Projeot Report CN-2809, p. 8 (Apr. 1945).

Bretscher, E., private communioation from E. M. McMillan (Oct.

6le

Bartlett, A. A., D. F. Swinshart and R. W. Thompson, Flutonium
Project Report LA-168 (Nov. 1944).

Bartlett, A. A., and D. F. Swinehart, Plutonium Project Report
1A-661 (May 1946).

Boyd, G. B., A. R, Brosi, E. E. Motta and Q. V. larson, private
communication (Oot. 1946).

Ballou, N. E., reported in Plutonium Projest Report M-CN-2034,
p. 13 (Sept. 1944).

Brosi, A. R., reported in Plutonium Project Report Mon K-1560

July 1946).

Burgus, W., R. Bdwards, H. Gest and C. Stanley, reported in
Plutonium Project Report CN-2818, p. 12({May 19453. C

Ballantine, D. S., reported in Plutonium Project Report
Mon ¥-150, p. 9 (July 1946).

Boyd, G. E., and Q. V. larson, Plutonium Project Report
Mon N-229, p. 5 (Dec. 1946).

Boyd, G. E., and B, H. FKetelle, reported im Plutonium Project
Report Mon N-243, p. 14 (Jan. 1947).

Burgy, M., L. A, Pardue, H. B. Willard, dnd E. O. Wollan, "Energims
of the Delayed Neutroms from U235 Fission: Produots™,
AECD-16 (June 1946).

Boyd, G. E., end B. H. Ketelle, Plutonium Project Report
¥on N-229, p. 14 (Dec. 1946).

Bretscher, E., Plutonium Project Report LA-606 (Sept. 1946).

Boyd, G. E., D. M. Simon and Q. V. Larson, reported in Plutonium
Project Report Mon N-370, p. 87 (Sept. 1947).

Barker, B. C., reported in Plutonium Project Report.kon P-269,
p. 8 (Mar. 1947).

Burson, S. B., and C, O. Muehlhause, reported inm Plutonium
Project Report ANL~4076, p. 38 (Sept. 1947).

Crane, H. R., L. A. Delsasso, W. A. Fowler and C. C. laurigaen,
Phys. Rev. 47, 971 (1935).

Crane, H. R., L. A. Dolsasso, W. A. Fowler and C. C. lauritsen,
Phys. Rev. 47, 887 {(1935).

Crane, H. R., and C. C. Lauritsen, Phys. Rev. 45, 497 {(195¢).

Cockoroft, J. D., C. W. Gilbert and E. T. 8. Walton, Proc. Roy.
Soo. {London) A248, 225 (1935).

Chang, W. Y., M. Goldhaber and R. Sagane, Nature 139, 962 (1937).

Cork, J. M., J. R. Richardson and F. N. D. Kurie, Phys. Rev.
49, 208 (1936).

Curfe, I., and F. Joliot, Compt. rend. 198, 264 (1934).

Cacclapuoti, B. N., Nuovo cimento 15, 213 (1938).

Chichoki, J., end A, Soltan, Compt. rend. 207, 423 (1938).

Collins, G. B., B, Waldman, B. M. Stubblefleld and M. Goldhaber,
Phys. Rev. 55, 507 (19%9).

turtis, B. R., and H. M. Cork, rhys. Rev. §3, 681 (1938).

CGaogiapuoti, B. N., Pays. Rev. 65, 110 (19%5).

‘Crittenden, E. C., Jr., Phys. Rev. 56, 709 (1939).

Cork, J. M., and J. L. lawson, Phys. Rev. 56, 291 (1939).
Cornbg, R., and W. F. Libby, Phys. Rev. 69, 1046 (1941).
Cadde, I., and P. Savitoh, Compt. rend. 208, 343 (1939).
Cook, ©. S., and P. W. McDaniels, Phys. Rev. 62, 412 (1942).
Corx, ¥s M., and R. L. Thornton, Phys. Rev, 51, 69 (1937).
Cork, J. M., and E. O. lawrence, Phys. Rev. U5, 788 (1936).
Curtis, B. R., Phys. Rev. 65, 1136 (19398),

Cork, J. M., L. N. Hadley, Jr., and €. V. Kent, Phys. Rpv. 61,

388 (1982). -
Clansy, E. P., Phys. Rev. 60, 87 (1941); 69, 686 (1941).

Gorson, D. B., K. R. Mackensie and E. Segr, Phys. Rev. 57,

459, 1087 (1940). : -
Cacoiapuotl, B. N., and B. Sogrt}, Phys. Rev. 52, 1262 (1937).
Cooley, R. A., D. M. Yost and E. M. KoMillan, J. Am. Chem. Soc.

61, 2970 (1939).

Cork, J. ¥., J. Halpsrn and H. Tatel, Phys. Rev. 67, 371 (1940).
Creutz, E. C., J. G. Fox and R. Sutton, Phys. Rev. 57, 567 (1940).
Curren, 8. C., P. I. Dee and J. B. Strothers, Proc. Hoy. Soc.

(Londbn) A174, 546 (1940).

Curran, 8. T., and J. E. Strothers, Proo. Roy. 8oo.(London)

A172, 72 (1938).
Cork, J. M., and G. P, Smith, Phys. Rev. 60, 480 51941;.
Clark, A. F., Phys. Rgv. 61, 242 (1942); BI, 203 (1942).
Creutz, E., W, E. Barkaa and N. H. Furman, Phys. Rev. §8,

1008 (1940).
Crewtz, E., L. A, Delsasso, R. B. Sutton, M. G. Mhite and

W. H. Barkas, Phys. Rev. 58, 461 (1940).

Creuts, E. C., private communiocation.
Cork, J. M., and J. Balpern, Phys. Rev. §8, 201 (1940).
Curtis, B. R., and J. R. Richardson, Phys. Rev. 57, 1121 S1940).
Clanoy, E. P., Phys. Rev. 58, 88 (1940). -
Corson, D. R., K. R. Mackenzie and E. Segrs, Fhys. Rev. §8,

672 (1940). . -
Curran, 8. C., and J. B, Strothers, Proc. Cambridge Phil. Soc.

36, 252 (1940).

Cohen, A. A., Phys. Rev. 83, 219 (1943).

(c51) Cook, K. L., Phys. Rev. 64, 278 (1943).

(cs3) Chndwi?k. .13. and M, Goldhaber, Proc. Roy. Soc.(London) AlSl,
479 (1835).

(C64) Chamberlein, O., D. Williams,and P. Yuster, Phys. Rev.
70, 580 (1948).

(C65) Conn, E. B., A+ R. Brost, J. A. Swartout, A. B. Cameren; R. L.
Carter and D. G. Hill, Phys. Rev. 70, 768 {1946).

(C58) Cook, C. S., E. Jurney and L. M. langer, Phys. Rev. 70, 985 (1946).

(C60) Curie, M., A. Debierne, A. S. Bve, H, Geiger, O. Hahid, S. C. Lind,

8t. Meyer, E. Butherford and E, Schweidler, Revs. Modern Phys.
8, 427 (1931). Summarizes the results of various investigators.

(C61) Cempbell, N. R., and A, Wood, Proc. Cambridge Phil. Soo. 14, 16
(1906); Campbell, N. R., Proc. Cambridge Phil. Soc. 14, 211
(1%07), 567 (1908 ). T

(c62) Curie, M., Compt. rend. 126, 1101 (1898),

(C63) Chang, W. Y., Phys. Rov. 87, 267 (1945).

(C64) Clarke, E. T., and J. W. Trvine,dr., Phys. Rov. 66, 231 (1944).

; Clarke, E. T., and J. W, Irvine,Jr., Phys. Rev. €3, 680 (1946).
Chang, W. Y., Phys. Rev. 69, 60 (1946). -

Scsv; Clarke, E, T., Phys. Rev. 71, 187 (1947).

€68 Co%ennn; K. D., R. hdonbeﬁ and N. L. Pool, Phys. Rev. 72, 14
1947).

(css; Curie, I., and G. Bouissieres, Cahiers Phys. No. 26, 1 (1944).

(€70) Chamberlain, 0., J. W. Gofman, E. Segrd and A. C. Wahl, Fhys. Rev.
71, 529 (1947).

(C71) CoYeman, XK. D., and M, L. Fool, Phys. Rev. 72, 1070 (1947).
(c72) Cork, J. M., R. G. Shreffler and €. M. Fowler, Phys. Rev. 72,

1209 (1947); 78, 78 (1948). -

(€73) Cook, C. S., and L. M. Langer, Phys. Rev. 78, 601 (1948).
(C74) Chubbuek, J. B., and I. Perlman, Phys. Rev. (in press).
(c76) Chupp, W. W., and E. M. NeMillan, Bull. Am. Phys. Soc. 23, No.

3, 20 (1948). -

(C76) Cook, C. 5., and L. M. Langer, Phys. Rev. 73, 1149 (1948).
(C77) Chupp, W. W., and E. M. MoMillen, Phys. Rev. 72, 873 (1947).
(C78) Cook, C. 8., L. M. langer and H, C. Price, Jr., Phys. Rev. 7S,

1395 (1948). -

- (C79) Cowart, W. 8., M. L. Pool, D. A. McCown and L. L. Woodward, Phys.
Rev, 73, 1454 (1948).

(¢80} Cook, €. S., and L. M. langer, Puys. Bev. 74, 227 (1948).
(c81) Cork, J. M., R. G. Shreffler and C. M. FowIsr, Phys. Rev. 74,

240 (1948). - -
(¢101))Caster, and T. P. Kohman, private communication. )
(c102) Cammo, M., and L. Brown, Plutonium Project Report CP-2160, p. 11

(Sept. 1944),

(€103) Coryell, €. D., Flutonium Project Report CC-1204, p. 12(Jan.1944).

(c105) Coryell, C. D., reported in Plutonium Project Roport CC-258
(Sept. 1942).

(C106) Campbell, G. W., Plutonium Project Report CC-724, p. 10
(June 1943).

(€107) Coryell, C. D., and I. B. Johns, Plutonium Project Report CC-763
(May 1943).

(C108) Camac, M., private communication.

(€169) Camao, M., reported in Plutonium Project Report CP-1576, p. 1€
(April 1944).

(C110) Chamberlain, 0., J. W. Gofman, E. Segrs and A. C. Wahl, Plutopium
Project Report LA~-9 (June 1943).

(C111) Cunningham, B. B., Plutonium Project Report CN-991 (Oot. 194%).

(C112) Cunningham, B. B., A. Ghiorso and J. C. Hindman, Plutonium Project
Roport CN-1241 (Jan. 1944).

(c113) Coryell, C. D., Plutonium Project Report CC-1112, p. 15 (Dec.1943).

(C115) Cammo, M., and M. B. Sampson, Plutonium Projeot Report CP-2160
(Oot. 1944).

(C117) Camao, M., and M. B. Sempson, Plutonium Projest Report CC-2298
(Oct. 1944).

{C118) Cranshaw, 7. B., British Atomic Energy Projects, Report MC-145
(May 1945).

(C119) Clark, F. L., H. J. Spencer-Palmer and R. N. Woodward, British
Atomic Energy Proiects, Reports BR~521, 522 (Oot. 1944).

(9120) Clark, F. L., H. J. Spencer-Palmer and R, N. Woodward, British
Atomioc Energy Projsots, Report BR-584 (Mar. 1945).

(c121) Cranshew, T, E., British Atomic Energy Projeots, Roport MP-162
(July 1945).

(C122) Cranshaw, T. B., and J. A. Harvey, British Atomic Energy Projects,
Report MPP-28{Aug. 1945).

(C123) Curties, L. F., private communication (July 1946); value derived
from average of wvalues given in following references: Ward,
Wynn-Williams and Cave, Proo. Roy. Soo.(London) 125, 713 (1929);
Jedrgejowski, Ann. phys. 9, 128 (1928); Broddiok and Cave,
Proo. Boy. Soe.(london) 1%1, 367 (1928); Gregoire, Ann. phys.
2, 161 (1934); Gleditsch and Fyn, Am. J. Soi. 29, (1936).

(C12¢) Camac, M., and L. Brown, Flutopium Project Report TF-2407

. (Sov. 1944).

(C126) Carac, M., Plutonium Project Report CC-2408 (Oct. 1944).

(c126) Chamberlain, O., D. Williams and P. Yuster, Plutonium Project
Report LA-226 (Feb. 1945).

(c127) Chamherlain, O., G. W. Farwell and B. Segrs, Plutonium Project
Report LAMS-151(Sept. 1944). .

(€128) Cranshaw, T. E., and J. A. Harvey, National Researoh Counoil of
Canada, Atomio Enerey Project,Report CRC-269(July 1946).

(C129) Cumningham, B. B., ™he First Isolation of Americium in the Form
of Pure Compounda. Microgram Soale Observations in the Chemistry
of Amerioium", FNES-PPR Vol. 14B, Paper Ko. 19.2(Peb. 1948)

(to be issued); Plutonium Project Report CC3876.

(C130) Cunninghem, B. B., and H. H. Hopkins,Jr., unpublished work
(Peb. 1847).

(C151) Cameron, A. K., end J. R. White, Plutonium Project Report
B-6.201.2 (Mar. 1947).

(€132) Coon, J. H., M. Goldblatt, R, Nobles and C. F. Robinson, Plutonium
Project Report LADC-482 (1947).

(c1sa) Chudom, P., M. Goldhaber and C. Mushlhause, reported in Plutonium
Projoot Report CP-3760, p. 46 (Jan. 1947).

e

o}



v

Table of the Isotopes
Reforences Page 49

(C134) Chudom, P., and C. O. Mushlhause, reported in Plutonium Projeot
. Report CP-3801, p. 25 (Apr. 1947).
(D1) Delsasso, L. A., W. A. Fowler and C. C. Lauritsen, Phys. Rav. 48,
848 (1935).
(D2) Dubridge, L. A., S. W. Barnes, J..H. Buck and 'C. V. Strein, Phys.
Rev. 53, 447 (1938).
(D3) Dubridge, L. 4., S. W. Barnes, E. O. Wiig, J. H. Buck and C. V.
Strain, Phys. Rev, 53, 326 (1938).
(D4) Delsasso, L. A., L. N7 Ridenour, R. Sherr and M. G. White, Phys.
Rov. 55, 118 (1939)..
(vs) Dax('lings_B. T., B. R. Curtis and J. M. Cork, Phys. Rev. 51, 1010
1937). :
(D6) Dodson, R. W., and R. D. Fowler, Phys. Rev. 55, 880 (1939).
(D7) DeVries, H., and J. Veldkemp, Physica 5, 249 (1938).
(p8) Dode, M., and B. Pontecorvo, Compt. rend. 207, 287 (1988).
(D9) Dubridge, L. A., private communication; includes work of entire
Rochester group.
(B10) )DeVries, H., snd G. Diemer, Physica 6, 599 (1939).
(p11) Dubridge, L. A., and J. Yarshall, Piys. Rev. 56, 706 (1939).
(b12) Doran, R. L., and W, J. Henderson, private communication, K.
Lark-Horowitz.
(D13) Dubridge, L. A., and J. Marshall, Fhys. Rev, 57, 348 (1940).
(D14) Diokson, 6., P. W. MoDaniel and E. J. Konopinski, Phys. Rev. §7,
351 (1940).
(D15) Deutsch, M., and A. Roberts, Phys. Rev. 60, 362 (1941).
(D16) Deutsch, M., J. R, Downing, L. G. Elliott, J. W. Irvine,Jr., an
A. Roberts, Phys. Bev. 62, 3 (1942). .
+(D17) Deutsch, M., and L. G. ElTTott, Phys. Rev. 62, 568 (1942).
(p18) Doran, R. L., and W. J. Henderson, Phys. Rev. 60, 411 (1941).
(D19) sztschS M., A, Boberts and L. G. Elliott, Phys. Rev. 61, 389
1942).
(D20) DeVauIt, D., and W. F. Libby, Phys. Rev. 58, 688 (1940).
(D21) Deutsch, M., Pnys. Rev. 61, 672 (1942).
(nzag Davidson, W. L.,Jr., Fhys. Rev. 57, 1086 (1940).
(D23) Downing, J. R., and A. Roberts, Phys. Rev. 59, 940 (1941).
(D24§’Dav'idson, W. L.,Jr., private communication.
(D25) Dubridge, L. A., and J. Marshall, Phys. Rev. 68, 7 (1940).
(D26) Delsasso, L. A., M. G. White, W. Barkas,and E. C. Creutz, Phys.
Rev. 58, 586 (1940).
(D27) Dodson, K. W., and R. D. Fowler, Phys. Rev. 57, 966 (1940).
(D28) Downing, J. R., M. Deutsch and A, Roberts, Phys. Rev. 60,
470 (1941).
(D29) Deutsch, M., Phys. Rev. 59, 940 (1941).
{D30) Downing, Ji R., M. Doutsch and A. Roberts, Phys. Rev. 61, 389(1942).
(Dslg Downing, J. R., M. Deutsch end A. Roberts, Phys. Rev. 61, 686(1942),
(D32) DeWire, J. W., M. L. Pool and J. D. Kurbatov, Phys. Rev. 61, 564
(1942); 61, 544 (1942).
(D33) Dfelepow, B. S., and A. A. Konstantinov, Compt. rend. mcad. sci.
U. R, S. 8. 30, 701 (1941).
(D34) Deutsch, M., p;_fvate communication to C. E. Mandeville and H. W.
Fulbright, Phys. Rev. 64, 266 (1943).
(D35) Deutsoh, M., and L. G. EITiott, Phys. Rev. 65, 211 (1944).
(D36) Deutsoh, M., L. G. Elliott,and A. Roberts, Fhys. Rev. €8,
193 (1945). :
(D37) D‘ie(lepow, B., M. Kopjova and E. Vorobjov, Phys. Rev. 69, 538
1986). .
(D38) Diemer, G., and H. Groendijk, Physios 11, 396 (1946).
(ps9) Dee(. P. )I.. and C. W. Gilbert, Proo. Hoy. Soo.(London) 1854, 279
1936).
(D40) Dempster, A. J., Phys. Rev. 55, 794 {1939).
(D41; Dempster, A. J., Phys: Rev. 45, 947 (1936).
(D42) Dempater, A. J., Phys. Rev. 58, 727 (1938),
(D43 ) Dempster, A. J., Pnys. Rev. 52, 1074 (1937).
(D44) Dempster, A. J., Kature 136, 65 (1935).
(D45) Dempster, A. J., Fature 138, 120 (1936).
(D50) Dunworth, J. V., Nature 143, 152 (1939).
(D51) Dempster, A. J., Nature 138, 180 (1935).
(D52) DeBemedetti, and F. K. MoGowan, Phys. Rev. 70, 569 (1946).
(D53) DeBenedetti, and E. H. Rerner, Phys. Rev. 71, 122 (1947).
(9543 Dunworth, J. V., Nature 159, 436 (1947).
(D55) Das, $., and K. Saha, Prooc. Nat. Inst. Soi. India 12, No. 4,
227 (1946).
(DS6) Dunworth, J. V., and B. Pontecorvo, Proc. Cambridge Phil. Soc. 43,
123 (1947).
(D57) Dunworth, J. V., and B. Pontecorvo, Pros. Cambridge Phil. Soc. 43,
429 (1947).
(D58) DeBenedetti, S., and F. K. MoGowan, Fhys. Rev. 71, 380 (1947).
(D59) der Mateosian, E., M. Goldhaber, C. O. Muehlhause end M. McKeown,
Phys. Rev. 72, 1271 (1947).
(D60) Dsn(riuon, C. ¥., and R. D. Evens, Bull. Am. Phys. Scc. 23, No. 3,45
1948).
(D61) Dempster, A. J., Phys. Rev. 73,. 1126 (1948).
(D62) Deutsch, M., Phys. Rev. 72, 729 (1947).
(D68) Deutsch, M., Phys. Rev. T2, 527 (1947).
(D64) Dul(!and,)J. W. M., D. A. Lind end B. B. Wataon, Phys. Rev. 73, 1392
1948).
(D101) Deseauer, G., private communiocation (May 1942).
(p102) Dillard, C. R., B. Adams, H. Finkelstein, S. Raynor and A.
Turkevich, reported in Plutonium Project Report CN-Z126, p. 6
(Sept. 1944). -
(D103) Dillard, C. R., H, Finkelstein, R, Adams and A. Turkevich,
private communiocation.
(D104) Dillard, C. R., H. Finkelstein, R. Adams and A. Turkevich, reported
in Plutonium Projeat Report CC-1331, p. 35 (Feb. 1944).
(D106) Dillard, C. R., H, Finkelstein, R. Adams snd A. Turkevich,
reported in Plutonium Progect Report CC-1142, p. 23(Dec. 1943).
{(D106) Deutsch, M., unpublished work reported in Plutonium Projeot
- Report LA-100(June 1944).
(D107) Dempster, A. J., reported in Plutonium Project Report CP~1954
(Aug. 1944).

(p108) DPillard, C., R. Adams, H. Finkelstein and A, Turkevich, Plutonium
Projeot Report CC-1805 (Aug. 1944).

(D109) Deutsch, M., Plutonium Project Report LAMS-142 (Oct. 1944).

(D110) Dillard, C. R., R. Adams, H. Finkelstein, S. Raynot and A.
Turkevich, reported in Plutonium Project Report €C-2379, p. 10
(Nov. 1944).

(D111) Dunworth, J. V., and B. Pontecorvo, Bational Research Counoil of
Canade, Atomic Energy Project, Report MP-195 (Nov. 1946).

. (D112) Dempster, As J., reported in Plutonium Project Report CP-3462

(Mar. 1946).
(D118) DeBenedetti, S., private communication from T. P. Kohman
(June 17, 1946).
(D114) Dillard, C. R., R. M, Adams, H. Finkelstein and A. Turkevich,
reported in Plutonium Projeot Report CC-2310, p. 56 (Jan. 1948).
(D116) Dillard, C. R., H. Finkelstein, R. M. Adams and A. Turkevich,
reported inm Plutonium Project Report (C-2310, p. 198 (Jan. 1946).
(p116) Dempster, A. J., reported in Plutonium Project -Report CP-3497
- (Apr. 1946).
(D117) Dillard, C. R., R. M. Adams, H. Finkelstein and A. Turkevich,
reported in Plutonium Project Report CC-2310, p. 167
(Jan. 1945).
(D118) DeBenedetti, S., private communication from M. Goldhaber
(Sept. 11, 1946).
(D119) DeBenedetti, S., private communication(Oct. 15, 1946).
(D120) Dillerd, C., R. M. Adame, H. Finston, and A. Turkevich,
"Dotermination of Gas Half-Lives by the Charged Wire Technigue.
II", NNES-PPR Vol. 9B, Paper No. 7.5.5 (1946) (%o be issued?-
{p121) DeBenedetti, 8., and F. K., McGowan, Plutonium Projeoct Report
Mon P-176 (Oot. 1946). o
(0122) derMateosian, E., P. Chudom, M. Goldhabsr and C. O. Mushlhause,
Plutonium Project Report ANL-4D10, p. 56 (July 1947).
(D123) derMateosian, E., M. Goldhaber, C. O. Muehlhause and M. McKeown,
reported in Plutonium Projeot Report ANL-4010, p. 54(July 1947).

(E1) Ellis, C. D., and W. J. Henderson, Nature 135, 429 (1935).

(E2) Ellis, C. D., and W. J. Henderson, Proc. Koy. Soc.{London)
A156, 358 (1936). )

(E3) Baling, D., T. Perry and R. MoCreary, Phys. Rev. 56, 1136 (1939).

(E4) Elliott, D. R., and L. D. P, King, Pnys. Rev. 59, 403 (1941).

(ES) Ewing, D., private communication from S. W. Barmes.

(E6) Enns, T., Phys. Rev. 56, 872 (1939).

« (E7) Eldliott, L. G., M. Deutsch and A. Roberts, Phys. Rev. 61, 99 (1942).

(E8) Elliott, L. G.,. M, Deutsch and A. Roberts, Fhys. Rev. 63,
386 (1943). -
(E9) Elljott, L. G., and M. Deutsch, Phys. Rev. 63, 321 (1943).
(EY0) ‘Elliott, L. G., and M. Deutsch, Phys. Rev. 63, 457 (1943).
(E11) Eklund, S., Arkiv Mat., Astron. Fysik 28A, Wo. 3 (1941).
(E12) Elliott, L. G., and M. Deutsch, Phys. Rev. 64, 321 (1943).
(E13) Elliott, L. G., and M. Deutsch, Phys. Rev. 63, 219 (1943).
(E20) Ewald, H., private communication to S. Fllgze and J. Mattauch,
Ber. 764, 1 (1943).
(E21) Bwald, H., 2. Physik 122, 487 (1944).
(E30) Erchova, Z. Vi, J. phys. radium 8, 501 (1937).
(E31) Ekléund,)s.. and W. Hole, Arkiv Mak., Astron. Fysik 284, 4, No. 26
1943)."
(E32) Edwards, J. E., and M. L. Pool, Phys. Rev. 69, 253 (1946).
(E33) Eklund, S., Arkiv Mat., Astron. Fyaik 33A, Fo. 14 (1946).
(E34) Eawards, J. E., and M. L. Pool, Phys. Rev. 72, 384 (1947).
(E35) -Egeler, C., D. J, Hughes and C. Buddleston, Bull. Am. Phys. Soc.
23, No. 3, 45 (1948).
(£36) E1YTott, L. G., and R. E. Bell, Phys. Rev. 72, 979 (1947).
(E37) Eggen, D. T., and M. L. Pool, Bull. Am. Phys. Soo. 23, No. 8,
56 (1948). -
(B38) English, A. C., T. E. Cranshaw, P. Demers, J. A. Harvey, E. P.
. Hinoks, J. V. Jolley and 4. N, May, Phys. Rev. 72, 253 (1947).
(E39) Eggen, D. T., and M. L. Pool, Phys. Rev. 74, 57 (1548).
(E40) Edwerds, J. E., and M. L. Pool, Phys. Rev. 69, 140 (1946).
(E101) Engelkemeier, D. W., and E. L. Brady, reported in Plutonium Project
Report CC-418A, pp. 9~13 (Jan. 1943).
(E102) Elliott, N., reported in Plutonium Projeot Report CC-342E, p. 6
(Nov. 1942).
(E103) Engelkeméior, D. W., private communication.
(E104) Engelkemeier, D. W., Plutonium Project Report CC-1959 (Aug. 1944).
(E105) Engelkbmetéry D, W., and N. Sugarmen, reported in Plutonium
Projeot Report CC-298, p. 6 (Oct. 1942).
(E106) BEngelkemeier, D. W., reported in Plutonlum Project Report CN-1811,
p. 7 (July 1944).
(E108) English, A. C., National Research Council of Canadam, Atomio Buergy
Projects Report MC~-146 (May 1945).
(E109) Engelkemeier, D. W., and N, Sugarman, reported in Plutonium Project
Report CC-2310, p. 170 (Jan. 1946). .
(E110) Engelkemeier, D. W,, reported in Plutonium Projeot Report CC-2486,
p. 3 (Deo. 1944). .
(E111) Edwards, R., H. Gest, and T. Davies, Flutonium Projeoct Report
€C~3390, Part IT (June 1946).
(E112) Bdwards, R., H. Gest, C. Stanley, R. Williams and W. Burgus,
reported in Plutonium Project Report Mon N2, p. 7(July 1945). -
(B113) Engelkemeisr, D.W., M. S. Freedman and L. E. Glendenin, "The
Charscteristics of 12.8 d Bal40", NNES-PPR Vol. 9B, Paper Ho.
7.45.1 (1946) (to be issued).
(E114) Eggler, C., D. J. Hughes and C, Euddleston, unpublished data
(Jan. 1948).
(E115) Engelkemeier, D. W., Plutonium Project Report ANL-4139 (May 1948).

(F1) Fowler, Ws A., L. As Delsasso and C. C. lauritsen, Phys. Rev.
49, 561 (1836).

(F2) Frison, O. R., Nature 133, 721 (1934).

(F3) Fahlenbrach, H., 2. th 98, 508 (1985)-

(ng Prisoh, O. R., Nature 136, 280 (1935).

(F6) Feather, N., and J. V. Dumnworth, Proc. Roy. 8oo.({london) Al6S,
566 (1938), )




Teble of the Isotopes

References

Page 50

(F6) Fomin, V., and F. G. Houtermsns, Physik Z. Sowjetunion 9, p73
1936).
(F7) Fajans, K., snd D, W. Stewart, Phys. Rev. 56, 626 (1939).

(FB; Friedlander, G., privete communication.

(F9) Feldmeier, J. R., and G. B. Collins, Phys. Rev. §9, 937 (1941).
(nog}roms.. E., and E. Segre, Phys. Bev. 59, 680 (194I7J.

(F11) Pajans, K., and A. F. Voigt, Phys. Rev. 60, 533 (1941).

(F12) Fajans, K., and W. H. Sullivan, Phys. Rev. 68, 276 (1940).
(F13) Friedlander, G., and C. S. Wu, Phys. Rev. 63, 227 (19¢3).

(an Fajans, K., and A.'F. Voigt, Fhys. Rev. 60, 619 (19413x

(P15) Fajans, K., and A. F. Voigt, Phys. Rev. 60, 626 (1941). i

(F16) Fla(rmmlj‘eld, A., and J. Mattauch, Naturwissenschaften 31, 66
1943). : - .

(F17) Fajans, K., and A, F. Voigt, Phys. Rev. 58, 177 (1940).

(F18) Fowler, W. A., and C. C. lauritsen, Phys, Rev. 51, 1103 (1937).

(F30) Flammersfeld, A., Z. Physik 112, 727 (1938).

(PSI; Flammersfeld, A., Naturwissenschaften 32, 36 (1944).

(F32) Flammersfeld, A., Naturwissenschaften 32, 68 (1944). -

(Fs3) Flammersfeld, A., and O. Bruna, Naturwissenschaften$2, 70 (1944}

(Faq,g Flammersfeld, A., Z. Naturforsoh. 1, 190 (1946).

(F35) Fairbank, H. A., C. T. Lane, L. T. Aldrioh and A, O. Nier, Fhys.
Rev. 71, 911 (1947).

(F38) Felster, 1., and L. F. Curtiss, J. Researoh Fat. Bur. Standards
38, 411 (1947).

(F37) Flammersfeld, A., and O. Bruma, Z. Naturforsch. 2a, 241 (1947).

(F38) Frauenfelder, H., P. C. Gugelot, O. Huber, H. Medicus, P.
Preiswerk, P. Scherrer and R. Steffen, Helv. Phys. Acta 20,
238 (1947). . -

(F39) Peather, M., and R. S, Krishnan, Prooc., Cambridge Fhil. Soc. 43,
267 [1947). - -

(F40) Feather; N., and E. Bretscher, Proc. Roy. Soo.{London) AlE€5,
530 (1938). -

(F41) F'ea(t'.hex'5 K., and J. Dainty, Proo. Cambridge Phil. Soo. 40, 57
1944). :

(F42) Frilley, M., Compt. rend 218, 505 (1944).

(P43) Pranchetti, S., and M. Giovanozzi, Phys. Rev. 74, 102 (1948).

(F44) Feather, N., Nature 160, 749 (i947).

(F45) Flammersfeld, A., Z. Faturforsch. 2a, 86 (1947).

(F46) Friedlander, H. N., L., Seren and S. H. Turkel, Phys. Rev. 72,
23 (1947). -

(F101) Fulbright, H. W., W. Bentz, K. Booth, R. G. Gilbert, H. Huth,
A. Knudson, H., Meier, H. Plew, C. A. Potter, W. Rall,

A. A, Schulke and M, Waldner, reported in Plutonium Project -
Report CP-1357 (Pab, 1944).

(F102) Finkle, B., E. Hosgland, 8. Katcoff and N. Sugarmen, Plutonium
Project Report CN-1958 (Aug. 1944).

(F103) Friedlander, H. N., L. Seren, end S. H, Turkel, reported imn
Plutonium Project Report CP-1827 (June 1944).

(F104) Fulbright, H. W., reported in Plutonium Project Report
CP-1811 (July 1944).

(F106) Fulbright, H. W., reported in Plutonium Project Report
CP-1954 (Aug. 1944).

(F108) Feathér, ¥.,British Atemia Energy Projects, Repart CPB-83:

(F108) Pulbright, H. W., Plutonium Project. Report CP-1727(May 1944},

(F109) Festher, N.,British Atomic Energy Projects, Report. CNB-102
(Aug. 1942),

(F110) Feld, B. T., reported in Flutonium Project Report CP=1016
(Oct. 1943).

(F111) Finkle, B., and N. Sugarman, reported in Plutonium Project
Report CC-2810, p. 74 (Jan. 1945),

(F112) Finkle, B., repesrted in Plutonium Project Report CC-2379, p. 9
(Nov. 1944).

(F113) Feldman, M. H., L. E. Glendenin,and R. R. Edwards, "Identifi. .
oation and Characterization of Shielded Isotopes in Uranium
Figsion. 1. 34h Br82", NNES-PPR Vol. 9B, Paper No. 7.3.7
(1946)(to be issued); Plutonium Project Report Mon C-137
(Nov. 1946).

(F114) Feldman, M. E., L. E, Glendenin and R. R, Bdwards, "Ildentifi-
cation and Yield of Rb86 in FPission", NNES-PPR Vol. 9B,
Paper No. 7.7 {(1946) (to be imsued).

(F116) Finkle, B., N. Sugarman and D. W, Eagelkemeier, reported in
Plutonium Project Report CN-2799, p. 4 (Mar. 1945).

(F117) Feldman, M. H., end L, E. Glendenin, Plutonium Projeot Réport
Mon C-138 (Nov. 1986). ’ .

(F118) Finkle, B., D. W. Engslkemeier and N. Sugarman, "Study of the 13
Ce found in Fission™, NNES-PPR Vol. 9B, Paper HSo. 7.42.1
(1946)(to be issued).

(Gl; Guthrie, A., private communication from K. Lark-Horowits.

(62) Gentner, W., and E. Segrd, Phys. Rev. 55, 814 (1939).

(G3) Guthrie, A., Phys. Rev. 60, 746 (1941)%

{64) Gaerttner, E. R., J. J. Turin and H. R. Crane, Phys. Rev.
49, 795 (1936).

(65) GoIdhaber, M,, R. D. Eill and L. Szilard, Pays. Rev. 56, 47
(19%9); Nature 142, 521 (1938). -

(G6) Grahame, D. C., and G. T. Seaborg, Phys. Rev. 54, 240 (1938).

(67) Grosse, A. V., E. T. Booth and J. R. Dunning, ﬁya. Rev. 56,
382 (19%9). -

(68) Grahame, D. C., and H. &. Walke, Phys, Rav. 60, 909 (1941).

(69) Glasmos, G. N., and J. Steigman, Phys. Bev. 57, 566 (1940).

(610) Gamertsfelder, G. R., Phys. Rev. 63, 60 (194¥).

(6G11) o3tte, H., Naturwissenschaften 28, 449 (1940).

(612) Growse, A. V., E. T. Booth and J. R. Dunning, Phys. Rev. 59,
322 (1941). -

(613) G8tvte, H., Naturwissenschaften 29, 496 (1841).

(Gl14) Gdtte, H., Naturwissenschaften %0, 108 (1942).

(G16) Gadsinski, H. N., I. A. Golotgwan and A, I. Danilenko, J. Exptl.
Theoret. Phys. {U.S.8.R.) 10, 1 (1940).

(616) Goldhaber, M., G. S. Elaiber and G. Scharff-Goldhaber,
Phys. Bev. 65, 61 (1944).

(C18) Grosss, A. V., and E. T. Booth. Phys. Rev. 57, 664 (1940).

 (cad)

(619) GBtte, H., private communication to O. Hahn and F. Stressmann,
Naturwissenschaften 31, 499 (1943).

Glasos, G. N., and J. Steigman, Phys. Rev. 68, 1 (1940).

Grinborg, A. P., and L. I, Roussinow, Phys. Rev. 68, 181 (1940)i

Gray, J. A., and J. F. Hinds, Phys. Rev. 49, 477 T1986).

Oué(ben,)(}., Ann. soc. soi. Bruxelles, B62, 60 (1932); B63, 115
1933).

(021;
(622

(623)
(640)

&c«ug Geiger, H., 2. Physik 8x, 45 (1922).
042) Grosse, A. V., J. Am. Them. Soc. 52, 1742 (1930).
(643) Gratias, 0., and C. H. Collie, Proc. Roy. Soc.(London) Al36,

299 (1932). ) :
Good, W. M., D, Peaslee and M, Doutsch, Phys. Rev. 69, 313 (1846).
Govaerts, J., Bull. 800. roy. sét. Liége 12, §65 (1343); Chem.
Zentr. I, 634 (1944). .
Good, W. ¥., and W. C. Peacock, Phys. Rev. 69, 680 (1946).
Gamertsfelder, G. R., Phys. Rev. 66, 288 (1944); 63, 60 (1943).
Goodman, L. J., and M. L. Pool, Fhys. Rev. 70, 117 (1946).
GodZhaber, M., Phys. Rev. 70, 89 (1946).
Goldhaber, M., and W, J. Sturm, Phys. Rev. 70,
Grummitt, W. E., end G. Wilkinson, Nature 168, 163 (1946;.
Goodman, L. J., and M. L, Pool, Phys. Rev. 7L, 288 (1947).
Goldhaber, M., C. O. Muehlhause and 8. H. Turkel, Phys. Rev.
71, 467 {1847). :
Gugelot, P. C., O. Huber, H. Medious, P. Preiswerk, P. Scherrer
and R, Steffen, Helv. Phys. Acta 20, 240 (1947).
Gugelot, P. C., 0. Huber, H. Medious, P. Preiswerk, P. Scherrer
and R, Steffen, Helv. Phys. Aota 19, 418 (1947).
Glendenin, L. E., and R. R. Edwards, Phys. Rev. 71, 742 (1947).
G8tts, H., 2. Katurforsch. 1, 377 (194s¥. —
Goldhaber, M., C. O. Muehlhause and 8. H. Turkel, Fhys. Rev.’ )
71, 302 (1947).
Gleditsch, E., and T. Gréf, Pays. Rev. 72, 640 (1947).
Goldblatt, M., E. S. Robinson and R. W. Spence, Phys. Rev. 72,
973 (1947).
(G61) Gregoire, R. G., and M. Persy, Compt. rend. 225, 733 (1947).

{cas)

111 (1948).

(662) Goeckermann, R. H,, and I. Perlman, Pnys. Rev. 73, 1127 (1948).

{G63) Goldhaber, M., and C. O. Muehlhause, Bull. Am. Phys. Soc.
23, No. 3, 56 (1948). :

(664) Goldsmith, G. J., Bull. Am. Phys. Soc. 23, No. 3, 57 (1948).

(G65) Grummitt, W. E., and G. Wilkinson, Nature 161, 520 (1948).

(666) Ghiorso, A., W. W. Meinke and G. T. Beaborg, Phys. Rew. (Sept.
15, ‘1948).

(6G101) Glendenin, L. E., reported in Plutonium Projeot Report ¢C-520,
p. 35 (Sept. 1943).

(6102) Glendenin, L. E., reported in Plutonium Projeot Report CC-1112,
p. 15 (Dec. 1943). )

(6103) Glendenin, L. E., reported in Plutonium Project Rsport CC-529,
p. 31 (Mare 1948).

(6104) Goldsohmidt, B. L., and I. Perlman, Bdutonium Projeot Report
€C-295 (Sept. 1942).

(€105) Glendenin, L. E., reported in Plutonium Project Report CC-920,
p. 43 (Sept. 1943). .

(6108) Glendenin, L. E., reported in Plutonium Project Report CC-529,

pp. 45, 32 (Mar. 1943).
(6107) Glendenin, L. E., and E. P. Steinberg, reported in Plutonium
Project Report CC=579, p. 11 (Apr. 1943).
(6108) Glendenin, L. E., and E. P. Steinberg, reported in Plutonium
Projeot Report CC-680, p. 9 (May 1943).
(6109) Glendenin, L. E. reported in Plutonium Project Report CC-579,
pp. 11, 14, 15 (Apr. 1943). R
(6110) Glendenin, L. E., reported in Plutonium Project Report CC-1050
(Nov. 1943),
(6111) Glendenin, L. E., reported in Plutonium Project Report €C-298,
p. 2 (0ct. 1942).
(6112) GoPman, J. W., and G. T. Beaborg, Plutonium Projest Report
. CR-532 (Oot. 1942).
(Gllsg Ghiorso, A., private communication
(G114 ) Ghiorso, A., reported in’ Plutonium Project Report CK-1511
(Apre 1944).
(G120) Glendenin, L. K., J. Earinsky, J. 8iegel, R. lbney and
G. Strickland, reported in Plutonium Projeot Report CN-2819,
p. 12 (May 1945). i
(G121) Glendenin, L. E., J. Marinsky and J. Siegel, reported in Plutonium
Project Report CN-2809, p. 9 (Apr. 1945).
(0122) Goldsohmidt, B. L., and F. lorgan, National Research Counoil of
Canada, Atomic Energy Project,Report MC-11 (Aug. 1943).
Glendenin, L. B., and R. P. Mstoalf, Plutonium Projeot Report
€C-2219 (Feb. 1945).
Goldstein, A., reported in Plutenium Pruject Report CN-2799,
pe 4 (Mar. 1945).
Glendanin, L. E., ™Short-Lived 8e-Br Chains in Fission",
NNES-PPR Vol. 98, Paper Ho. 7.8.1 {1946) (to be issued).
Glend min, L. B., J. Earinsky and J. 8isgel, Plutonium Project
Epe *t ¥on H=-6, p. 9 (Aug. 1946).
Gle: ie. in, L. E., Plutorium Project Report CC-3389, p. 20
(0 ne 1946).
(6128) Goldh.ber, M., privmte ocommunicetion from T. P. Xohmam{Jure 17,1948
(6129) Goldhaber, N., priwate oommuniostion(Sept. 11, a946).
(6G130) Goldhaber, M., private communicstion (Hov. 13, 19486).
{6131) Goeokermamn, R. H., P. R. O'Connor and W. J. Biox, private
communioation {(July 1946).
(01323 Ghiorso, A., private cormunication
(0138) Goldhaber, M., and BR. D. O'Neal, private communication(Dee. 19¢8).
(6134) Goldnaber, M., L. Jacobs and D. J. Willlams, reported in
Plutonium Project Report CP-3647, p. 24 (Oct. 1946).
(06136) Goldhaber, K, C. O. Muehlhause and 8, 'H. Turkel, Fopéviid in
Plutonium Projoct Report CP-3682{Aug. 1946).
(G136) -Glendenin, L. B., Plutonium Projeot Report CC-3389, p. 14
(June 1946).
(G137) Goldstein, H., and W. Spats, reported im Plutonium Project Report
CF-35674, p. 26 (July 1946).

(6123)
(G124)
(6125)
(c126)
(e127)




PN

N Table of the Isotopes .
. References . ’ Pags 651

(6138) Goldhaber, M., C. O. Mushlhause and S. H. Turkel, reported in
Plutonium Project Report CF-3574 (July 1946). .

(6139) Glendenin, L. E., "Chareoteristics of the Long-Lived Te Isotopes
in Fisaion", NNES-FPR Vol. 9B, Paper No. 7.30.2 {1946) (to be
1gsued). .

(G140) Glendenin, L. E., private communication from W. H. Sullivan
(Feb. 1947).

(6141) Goldblatt, M., E. S. Robinson snd R. W. Spence, Plutonium Project
Report LADC-412.

(6242) Goldfarb, E., reported in Flutonium Projeot Report CP-3301,

p. 19 (Apr. 1947).
(G148) Gest, H., and L. E, Glendenin, Plutonium Projeot Report CC-338S,
p. 11 (1946).
(6144 ) Goldhaber, M., and C. O, Mushlhause, reported in Plutonium Project
- Report CP-3801, p. 24 (Apr. 1947).
(6145) Goldhaber, M., E. der Mateosian and C. 0. Mushlhauss, reported
in Plutonium Project Report ANL-4076, p. 30 (Oct. 1947).
(G146) Goldhaber, M., R. Christian, C. O. Mushlhause and P. Chudom,
reported in Plutonium Project Report CP-3750, p. 46(Jan. 1947).

po
: (6147) Ghiorso, A., L. B. Magnusson and G. T. Seaborg, unpublished data

(July 1948).

(H1) Eibdon, Ce T., M. L. Fool and J. D. Hurbatov, Phys. Rev. 63,
462 (1943). .
(H2) Hill, J. B., and G. B. Valley, Fhys. Rev. §5, 678 (1939).
(83) Hafstad, L. R., and M. A. Tuve, Phys. Rev. 48, 306 (1935)
(E4) Henderson, M. C., Fhys. Rev. 48, 855 (1935),
(B5) Burst, D. G., and H. Walke, FRys. Rev, 51, 1033 (1937).
(H6) Hermendinper, A., Phys. Rev. 55, 604 (1939).
(87) Heyn, F. A., Physica 4, 160 (1937).
(ns; Hoyn, F. A., Puysioa 4, 1224 (1937).
(#9) Holmholz, A. C., Phys. Rev. 60, 415 (1941).
(#16) Heyn, F. A., Nature 139, 8427(1937). .
(A11) Heyn, F. A., A. H. W, Ktten,Jr., and C. J. Bakker, Naturq 143,
516 (1939).
(812) Hemmendinger, A., Phys. Rev. 58, 929 (1940).
(H13) Helnz}_mlzs A. Cap C. Pecher and P. R. Stout, Phys. Rev. §9, 902
1941).
(H14) Hahn, 0., and F. Stra , Naturws haften 27, 11 {1939).
(M5) Hahn, 0., and F. Strassmann, Naturwissenschaften Z7, 89 (1939).
(H16) Hevesy, G., and ‘H, Levi, Nature 136, 103 (1935).
(H17) Hevesy, G., and H. Levi, Nature 137, 185 (1936).
(m8) Hahn, 0., L. ¥eituer and F. Strassmamn, Z. Physik 106, 249 (1937).
(619) Hevesy, G., and H, Lovi, Kgl. Danske Vidensmb. Solskab,, Mat.-
fys. Medd. 15, No. 11 (1938),
(820) Hevesy, G., and H. Levi, Egl. Danske Vidensimb. Selskab., Mat.-
fya. Medd. 14, No. 5 (1956). .
(H21) Henderson, W. Jo, and R. L. Doran, Phys. Rev. 56, 123 (1938).
(H22) Bahn, 0., and F. Stra Naturwi haften 27, §2% (19393.
(H23) Hahn, O., and F. Strassmann, Naturwissenschaften 27, 451 (1939
(82¢) Hahn, 0., F. Strassmann, and S. Flligge, Naturwissenechaften 27,
544 (1939). .
(B25) Helmholz, A. C., private communication.
(§26) Helmholz, A. C., Phys. Rev. 57, 248 (1940).
(H27) Hurst, D. G., R. batham and W. B. Lewis, Proc. Roy. Soo.(London)
A1743 126 (1940).
(328; Hahn, O., and F, Strassmann, Naturwiesenschaften 28, 54 51940).
(H29) Bahn, 0., and F. Strassmann, Faturwissenschaften 25, 61 (1940).
(630) Eill, J. B., Phys. Rev. §7, 567 (1940), -
(HS1) Hoag, J. B., Phys. Rev. 57, 937 (1940).
(H32) Haggatrom, E., Phys. Rev, 62, 144 (1942},
(B33) Helmholz, A. C., Pnys. Rev. 62, 301 (1942).
(Hs4g Eelmholz, A. C., Pnys. Rev. 80, 160 (1941). .
(635 ) Hales, E. B., end E. B. Jordan, Phys. Bev. 62, 553 (1942).
(H56) Hull, D. E., and H. Seelig, Phys. Rev. 60, B53 (1941;.
(B37) Boutermans, F. G., Naturwissenschaften Z8, 678 (1940
(38) Helmholz, A. C., Phys. Rev. 61, 204 (1942).
(H39), Hehn, 0., and F, Strassmann, Naturwissensohaften 29, 285 (1941).
(3403 Hapgstrom, E.,. Pnys. Rev. 59, 322 (1941). -
(8#41) Bahn, 0., and F. Strassmann, Neturwissenschaften 29, 369 (1941).
(H42§ Hahn, O., and F. Strassmann, Naturwissenschaften 2B, 5435 (1940).
(H43) Huber, 0., O. Lienhard, P. Soherrer snd H. WRffler, Hslv. Fhys.
Acta 15, 312 {1942).
(B44) Euber, 0., O. Lienhard, P. Scherrer and E. Wiffler, Helv. Phys.
Acta 16, 33 (1943).
(H45) Huber, O., 0. Lienhard and H. WRffler, Helv, FPhys. Acts 18,
226 (1943). -
(H46) Hahn, O., and F. Strassmann, Naturwissenschaften 28, 456 (1940).
(B47) Hahn, 0., end F, Strassmann, Maturwissenschaften 31, 249 (1943;.
(448) Hahn, 0., and F. Stra Naturwi hatten X0, 324 (1942
(849) Hales, E. B., and E. B. Jorden, Phys. Rev. 64, 20Z (1943).
[850) Burst, L. K., end K. L. Pool, Phys. Rev. 65, 60 (1944).
(851) Hancook, J. O., and J. C. Butler, Phys. Rev. §7, 1088 (1340).
(BSZ; Hamilton, J. G,, private communication. .
(653 ) Hendricks, R. H., L, C. Bryner, K, D. Thomas and J. O. Ivie,
J. Phys. Chem. 47, 469 (1943).
(B34) Euber, 0., O, Lienhard, P. Scherrsr and H, Wiffler, Holv, Fhys.
Acta 15, 431 (1943). ’
(H55) Hahn, 0., and F., Strassmann, Naturwissensohaften 31, 465 (1943).:
(B66) Hahn, 0., and F. Strassmann, 8. Physix 121, 729 TIo43).
(H57) Hahn, O., and F, Strassmenn, Physik 2. 40, 675 (1939).
(H58) Huber, 0., O. Liemdard, P, Scherrer and H. Wffler, Phjs.
Rev: £0, 010 (1941).
(B69) Hurst, L. K., and M. L. Pool, Phys. Rev. 65, S61 (1944).
(H60) Hibdon, C. Ts, M4 L. Pool and J. D. Furbatov, Phiys. Rev. 65,
361 (1944). .
(H61) Huber, 0., O. Lienhard, P. Scherrer and H. Wiffler, Belv. Phys.
Aota 17, 139 (1944). . . .
(H62) Hub?r, 0.), O. Lienhard,and H. W2ffleg, Helv. Phys. Acta 17, 195
1944).
(B63) Haynos, 8. K., Phya. Rov. 73, 187 (1948).

(H64 ). Hesméndinger, A., Phys. Rev. 75, 806 (1948).

(H65) Hill, R. D., W. E. Meyerhof, Phys. Rev. 73, 812 (1948).

(866) Hopkins, H. H.,Jr., and B. B. Cunningham, Phys. Rev. 73,

1406 (1948). - e
(B67) Euber, 0., P. Marmier, H. Medious, P. Preiswerk and R. Steffen,
Phys. Bsv. 73, 1208 (1948). : .
(H68) Howland, J. J., D. H. Templeton and I. Perlman, Phys. Rev. 71,
552 (1947). ’ -
(469) Eagemann, F., L. I. Eatzin, M. H. Studier, A. Ghiorso and
G. T, Seaborg, Phya. Rev. 72, 252 (1947).

(670} Eall, N. F., and T. O. Jones, J. Am. Chem. See. 58, 1916 (1936).

(H72) Ho, Zah-Wei, Phys. Rev. 70, 782 (1946). -

(E73) Bughes, D. J., C. Eggler and C. M, Huldleston, Phys. Rev. 71,

269 (1947). —

(H’M; Hirzel, O., and H. Wiffler, Helv. Phys. Acta 20, 373 (1947).

(875) Hole, N., and K. Siegbahn, Arkiv. Mat., Astron. Fysik 33A,

¥o. 9 (1946)« -

(H76) Hole, N., Arkiv. Mat., Astron. Fysik 32k, Ho. S (1945).

(277) Hole, N., Arkiv Mat., Astron. Fysik ¥4B, No. 5 (1947).

(878) Bughes,.D. J., D. Hall, C, Eggler and B. Goldferb, Fhys. Rav. 72,

646 (1947). / . -

(879) Hess, D. C.,Jr., R. J. Hayden and M, G. Inghram, Phys. Bev. 72,

730 (1947). —
(B80) Heyden, X., and W, Wefelmeier, Naturwissenschaften 28, 612 (1938).
(B81) Holloway, M, G., and M. S. Livingston, Phya. Rev. 6%, 18 (1938).
Swrmarizes the results of various investigators.
(E82) Hull, D. E., W, F. Libby and W, M. latimer, J. Am. Chem. Soo.
57, 1649 (1935).
(H83) Hovesy, 8., and F. A. Paneth, Radicactivity, Oxford University
Press (1938).

(#84 ) Hermendinger, A., and W. R. Smythe, Phys. Rev. 51, 2052 (1987).

(Hesg Hevesy, G., and M. Pahl, Nature 130, 846 (1932)%

(H86) Hosemann, R., Z. Physik 99, 406 (1936). Half-1ife recaloulated

acoording to (VMOY -
(B87) Henderson, W. J., Phys. Rev. 56, 238 (19%9); 71, 323 (1947).
(E88) Hevesy, G., Naturwissensohaften 23, 6583 (19367.
(H89) Hahn; O., F. Strassmann snd B, Walling, Naturwissenschaften |
25, 189 (1957); Mattauch, J., Naturwissensohaften 25, 188 (1937).
(690) Huber, O., O. Lienhard, P. Scherrer and H, Wiffler, Helv. Phys.
Acta 18, 221 (1945).
(692) Hibdon, C. Te, M. L. Pool and J. D. Eurbatov, Phys. Rev. 67,
289 (1945). R -
(H9S) Hibden, C. T., and M. L. Pool, Phys. Rev. 67, 313 (1946).
(894) Helmholz, A. C., private communiocation (Feb. 1, 1946).
(H95) Helmholz, A. C., Phys. Rev. 70, 982 (1946).
(H96) Bayden, R. J., and L. G. Lewls, Phys. Rev. 70, 111 (1946).
. (5973 Hirzel, O., and H. Wiffler, Helv. Phys. Aota 19, 214 $194s).
(H98) Eirzel, O., and H. Wiffler, Helv. Phys. Acta 19, 216 (1946).
(99) Hayden, R. J., and M. G. Inghram, Phys. Rev. 70, 89 (1946).
(mozg Hamilton, J. G., and co~workers, private communication.
(E108) Bamilton, Je G., Plutonium Project Report CH-843(supplement)
(Aug. 1943). -

(H104) Byde, E. K., M. H. Studier and A. Ghiorso, "Produotasof the
Douteron and Helium Ion Bombardments of U233%, NNES-PFR
Vol. 148, Paper Fo. 22.16(Des. 19468)(to be tasued) Plutonium

) Projesot Report CB-3736(Dec. 1946). )

((B105) Hyde, E. K., "Determination of the Ealf-life of UZSS%, NEES-PFR
Vole 17B, Paper No. 1.2(Sept. 1946)(to be issued); Plutonium
Projeot Report CB-3634 (8ept. 1946).

(€08) Byds, E. K., M. H, Studier, H. H. Hopkins,Jr., and A. Ghiorso,
A New laotops of Protactinium - Pa229%, NEES-FPR Vol. 17B,
Paper No. 9.6 (Sept. 1946)(to be issued); Plutonium Projeet
Report CC-3648 (Sept. 1946).

‘(H107) Hall, D., reported in Plutonium Projeot Report CP-2084

- (Apr. 1948).

(mo08) legheu. D. (;., reported in Flutonium Project Report CP-5196
Aug. 1945). :

(H109) Hoagland, B., and K. Bugarmen, Plutonium Projest Report CC-2891
(April 1945),

(H110) E‘)Zdnn, R. Ji. reported in Plutonium Project Report CP-3%44
Hov. 1945). .

(g111) Hayden, R. J., reported in Plutonium Project Report CP-3410
(Feb. 1946). :

(H112) Hosgland, E.,-and $. Katcoff, reported in Plutonium Projeot
Report CC-28510, p. 88 (Jan. 1946).

(H113) Ha%:en. H.)J., reported in Plutonium Project Report CP-3%83

001945 )« :

(E114) Hoagland, B. J., and N. Sugarman, "Discovery of ~10 y 56
in Fission", NNES-PPR Vol. 9B, Paper No. 7.6.1(Jan. 1945)(to be
issued); reported in Plutonium Project Report CC-2510, p. 83
(Jan. 1946).

(A1186) Enydong Re Ju, and L. G. Lewis, private communication(June 17,
1946).

(H117) Hemilton, J. 6., private communication(July 10, 1848).

(m18) Howland, J. J., D. H. Templeton and I. Porlman, Unive of Calif.
Radiation laboratory Report BC-31 (Deo. 1946).

(H119) Fughes, D. J., and C. Eggler, private communication (Pot. 1946).

(H120) Hughes, D. J., and W. D, B, Spats, private ommunication
(0ot. 1946).

&5121) Bughes, D. J., and D Ball, private communication (Oot. 1946).

22) Hughes, D. J., and J. Wallace, private sormunication{Oot. 1946).

(B123) Hagemmon, F., L. I, Katzin, M. H. Studier, G. T. Seaborg,and
A, Oniorso, "The Decay Products of U233", -NNES-FPR Vol. 178,
¥o. 1.4 (1946)(to be issued).

{H124) Byde, B. X., "Determination of the Half<Life of Ionium", NNES-PFR
Vol. 17B, Paper No. 9.7 (Sept. 18468)(to be issued); Plutonium
Project Report CC-3863 (Bept. 1946).

(H126) Halperin, D., and D, E. Xoshland, Plutonium Projest Report
CN-3422 (June 1545).

(H126) Hayden, R. J., and M. G. Inghram, Plutonium Projeot Report
CP-3508 (May 19¢6).




Table of the Iso
References

‘o pes
Page 652

(H127) Hamilton, J. G., private communication.
(H128) Hermendinger, A., private communication(Oot. 1946).
(6129) Hughes, D. J., and C. Bggler, reported in Plutonium Projeot Report
CF-8574 (July 1946).
(H130) Hughes, D. J., J. Wallace, E. Goldfarb and C. Eggler, reported in
Plutonium Project Report CP-3647, p. 11(Oct. 1946).
(6131) Bughes, D. J., J. Dobbs and A. Cahn, Plutonium Projest Report
CP.3094 (Aug. 1945).
(A138) Baynes, S. K., reported in Plutonium Project Report Mom P-269
(Feb, 1947).
ughes, D. J., and C. Eggler, reported in Plutonium Project Report
ANL-4010, p. 28 (July 1947).
(H134) Hemmendinger, A., Plutonium Project Report LADC-466 (1947).
(H135) Hughes, D. J., C. Eggler and N. Goldstein, reported in Plutonium
Project Report CP=3801, p. 17 (Apr. 1947).
(H136) Haynes, S. K., reported in Plutonium Projeot Report Mon P-314, p. 18|
June 1947). .
(H137) Haynes, S. K., unpublished revision of Plutonium Project Report
Mon P-368, p. 13(Sept. 1947).
(6138) Hughes, D. J., and C. Eggler, reported in Plutonium Project Report
ANL-4014, (July 1947). o,
(6139) Barris, D. H., B. R. Tompkins and G. E. Boyd, reported in
Plutonium Project Report Mon N-432, p. 98 (Deoc. 1947).
(H140) Hess, D. C.,Jdr., R. Jo Hayden and M. G. Inphram, reported in
Plutonium Project Report ANL-4012 (July 1947).
gemann, F., recorted in Plutonium Project Report CC-3780, p. 8
(ar. 19¢75. )
(6142 ) Hyde, E. K., and R. J. Bruehlman, unpublished data (Mar. 1948).
(A1438) Hagemann, F., unpublished data (Mar. 1948).
(8144) Helmhole, A. C., and C. L. MoGinnis, private communication
(July 1948).
(6146) Hyde, E. K., N. H, Studier and R. J, Bruehlman, reported in
Plutonium Project Report ANL-4112, p. 23 (Feb. 1948).
(H146) Hagemann, PS-, reported in Plutonium Project Report ANL-4143, p. 7
ay 1948},
(H147) Hopkins, H. H., Jr., unpublished data (Aug. 1948),
(H148) Hollander, J. M., A. Chiorso and I. Perlman, unpubldate (July,1948)
(H149) Hess,D.C.,Jr., Isotopic Constitution of By Gd, ", AECD-1638( Dec.1947).
(H201) Huber, 0., H. Medious, P, Preiswerk and R. Steffen, Phys. Rev.
73, 1211 (1948). ’
(Hzoag BiIT, R. D., Phys. Rev. 74, 78 (1948).
(H203) Ho, Zah-Wei, Compt. rend. 226, 1187 (1948).
(H204) Bopkins, H. H., Jr., unpubllished data (July 1948).
(H205) Bill, U, M., Proc. Cambridge Phil. Soc. 44, 440 (1948).
(H206) Helmlalz, )A. C... and C. L. McGinnis, Bull.Am. Phys, Soc. 23, No. 6,
9 (1948). -
Huber, O., H. Medicus, P. Preiswerk and R. Steffen, Helv. Phys.
Acta 20, 495 (1947). .
Hole, Ni, Arkiv Mat., Astron. Fysik 34B, No. 19 (1947),

(m33) B

(H141) Ha

(H207)
(H208)
(11) Irvine, J. W.,Jr., Phys. Rev. 55, 1105 (1939).
Itoh, Z., Proc. Fhys.-Math. Sog. Japan 23, 405 (1941).
Itoh, 2., and Y. Watase, Proc. Phys.-Ma%h. Soc. Japan 22, 784 (1940)
Irvine, J. W., Jr., J. Phys. Chem. 46, 910 (1942). -
Inghram, M. G., Phyd. Rev. 70, 683 [1946).
Inghrem, M. G., and R. J. Hgyden, Phys. Rev. 71, 144 (1947).
Inghrem. M. G., and R. J, Hayden, Phys. Rev. 71, 130 (1947).
Inghram, M. G., A. E, Shew, D. C. Hess,Jr., and R, J. Hayden, Pnys.
Rev. 72, 515 (1947).
Inghram, M. G., R. J. Ha
1269 (1947).
Inghrem, M. G., R. J. Hayden and D. C. Hess, Jr., Phys. Rev. 72,
349 (1947). -
Inghrem, M. G., D. C. Hess,Jr., R. J. Hayden and G. W, Parker,
Phys. Rev. 71, 743 (1947). :
Inghram, M. G., R. J. kayden and D, C. Hess,Jr., Phys. Rev. 71,
643 (1947). -
Inghram, M. G., R.
270 {(1947).
Inghram, M. G., R.
967 (1947).
Inghrem, M. G., R,
180 (1948).
Inghram, M. G., D.
98 (1948).
Irvine, J. W.,Jr.,
Inghram, M. G., re
p. 17 {Jan. 1947
Inghram, M. G., D. C. Hess,Jr., R. J. Hayden and G. W. Parker,
unpublished work {Feb. 1947).
Inghram, M. G., and R. J. Hmyden, private communication from
A, Turkevich (Qot. 1946),

(17)
(18)

(19)
(110)

yden and D. C. Hess,Jr., Phys. Rev. T2,

(111)
(112)

(113) J. Hayden and D. C. Hess,Jr., Phys. Rev. 71,

(114) J. Hayden and D. C. Hess,Jr., Phys. Rev. 2,

(118) J. Hayden and D. C. Hess,Jr., Phys. Rev. 73,

(116) C. Hesg,dr., and R. J. ﬁeydan, Fhys. Rev. 74,
(1100)

Plutonium Project Revort Mom C-142 (Aug. 1946).
(1101)

Sorwd in Plutonium Project Report Mon N-243,
(11202)

(1103)

(1104) Inghram, M, G., D. C. Hess, Jr., and R. J. Hayden, reported in
Plutonium Project Report ANL-4012, p. 7 (July 1947).
(1105) Inghram, M. G., R. J. Hayden and D. C. Hess,Jr., reported in
Plutonium Project Report ANL-4082, p. 5 (Nov. 1947).
(J)) Jensen, A. S., Phys. Rev. 60, 430 (1941).
(ug Jaeckel, R., Z.*Physik 110, 330 (1938).
(86) Joliot, F., Compt. fend 218, 489 (1944).
(J6) Jnanananda, S., Phys. Rev. 69, 570 (1948).
(J7) Jacobsen, J. C., and T. Sigurgeirsson, Det. Kgl. Daneke Videnskad.

Selskab. 20, Wo. 11 (1943).
Jensen, E.N., Ls J. Laslett and W. M. Pratt, Phys.
(1948).
Jnanananda, 8., Phys. Rev. 72, 1124 {(1947).
Jesse, W. P., and H. Forsta%, Phys. Rev. 73, 926 (1948).
Jelley, J. V., and E. B. Paul, Proo. Cambridge Fhil. Soc. 44, 1S3

Rev, 73, 529

(1948).
{J5101) Jurney, E. T., and E. 0. Wollan, reported in Plutonium Project
Report CP-1576, p. 13 (Apr. 1944).

(132) James, R. A.

(J102) Jaffey, A. H., private communication.
(J106) Jacobson, L., and B. Overstreet, private communication.

-(J106) Jaffey, A. H., and §. Van Winkle, reported in Plutonium Project

Report CN-3001, p. 19 (May 1945).

(J107) Jaffey, A. H., and L. B. Magnusson, reported in Pllftonium Pro,
Reponts CN=2767, p. 48 (April 1945) and CF-2914 (April 1946

(J108) Jaffey, A. H., and E. K. Hyde, reported in Plutonium Project

- Report CN-3001, p. 21 (¥ay 1945). :

(J109) James, R. A., A. E, Florin, H., H, Hopkins and A, Ghioregs
"gggduots of Helium-Ion and Deuteron Bombardment of U 5 and
U2SS®, NNES-PPR Vol. 148, Paper No. 22.8 (Mar. 1948)(to be
igeued); Plutonium Project Report CC-3860 (Mar. 1948),

(J110) James, R. A., S. G. Tl,ompson and H, H, Hopkins,Jr., "The
Bombardment of Np2®! with Deuterona and Helium Ions®, NNES-PPR
Vol. 14B, Paper Fo. 22,16 (Oct. 1947)(to be issued); Plutonium-
Projeot Report CC-3862 (Apr. 1948). i

(J120) Jashemski, S., and N. Goldstein, reported in Plutonium Projeot

" Report CP-2984 (April 1945).

(J121) Jae(obson. L., and R. Overstreet, Plutonium Projeot Report CC-2345
Dec. 1944).

(J122) Jones, W. M., and J. W. Stout, Plutonium Projeot Report LA-347
(Aug. 1945). ’

(9123) Jaffey, A. H., "Half-Life of Pu2°® by Direct Decay Measurement®,

" NNES-PPR Vol. 14B, Paper No. 2.2 (Aug. 1847)(to be issued);

Plutonium Project Report ANL-4020 (Aug. 1847).

(J124) Jaffey, A. H., reported in Plutonium Project Report CC-3699,
pe 9 (Nov. 1946).

(J125) Jaffey, A. H., unpublished data.

(J126) Jaffey, A. H., and L. B. Magnusson, Plutonium Project Report
ANL-4030 (Sept. 1947). .

(J127) Jaffey, A. H., Plutonium Project Report ANL 4029 é&ug. 1947).

(9128) Jaffey, A. H., and E. K. Hyds, "Half-Life of Pa 2", NNES-PFR
Vol. 17B, Paper No. .20 (4o be issued); Plutonium Projeot
Report ANL-4102 (Mar. 1948).

(J129) James, R. A., K. Street and G. T. Seaborg, unpublished data
(July 1948).

(J130) James, R. A., unpublished data (July 1948).

(J131) Jensen, E. N., L. J. aglett and W. W. Pratt, "Measurements of
gamma-ray energies with the beta-ray Spestrometer™, AECD 1836
(Apr. 1948).

5.

(ng Enol, K. S., and J. Veldkamf, Physica 3, 145 (1936).

(K2} Krishnan, R. 5., Mature 148, 407 (19417.

(K3) King, L. D. P., W. J. Henderson and J. R. Risser, Phys. Rev. 55,
1118 (1939). -

oot

j

D. A. Orth and G. T. Seaborg, unpubiished data
(July 1948

Cambridge Phil. Soo. 36, 500 (1940).
Sobafff-Goldhaber, Phys. Rev. 61, 733

(K4) Kurie, F. §. D., J. R. Richardson and B. C. Paxton, Phys. Rev.
49, 368 (1936). .-
(R5) Rutfchatow, B., I. Kurtohatow, L. Myssowsky and L. Roussinow,
Compt. rend. 200,1201 (1935).
(K6) Kraus, J. D., and J. M. Cork, Phys. Rev. 52, 763 (1937).
(K7) Kurtohatow, I. V., G. D. Latyschew, L. M. Nemenow and I. P.
Selinow, Physik Z. Sowjetunion 8, 589 (1935).
(X8) Euertt, G., and S. N. VanVoorhis, Phys. Rev. 56, 614 (1939).
(KB; King, L. D. P,, and W, J, Henderson, Phys. Rev, 56, 1169 (1939).
(fx0) King, L. D. P., and D. R, Elliott, Phys. Rev. 59, 108 (1941);
58, 846 (1940); 60, 489 (1941). -
(K1) ma?recly3 Je W., G.T. Seaborg and E. Segre, Phys. Rev. 56, 1095
1939).
(K12) Krishnan, R. 8., and D. H. T. Gant, Nature 144, 547 (1939).
(K13) Kamen, M. D., Phys. Rav. 60, 537 {1841}, ~
(K14) Krishnan, Rs S., and T. E, Banks, Proc. Cambridge Phil. Soc. 37,
317 (1941). -
(msg Erishnan, R. 8., Proo.
(K16) Klaiber, G. S., ard G,
(1942).
(K17) Eent, C. V., and J. M. Cork, Phys. Rav. 62, 297 (1942).
(K18) Kennedy, J. W., and G. T. Seaborg, Phys. Rev. 57, 843 (1940).
(K19) Kurbatov, J. D., D. C. YacDonald, M. L. Pool end L. L. Quill,
Phys. Rev. 61, 106 (1942).
(K20) Kurbatov, J. D., and M. L. Pool, Phys. Rev. 63, 463 (1943).
(K1) FKurbatov, J. D., D, C. MaoDonald, M. L. Pool and L. L. Quill,
Fhys. Rev. 61, 106 (1942).
(KZZ; Krishnan, R, 5., and T. B. Banks, Fature 146, 777 (1940).
(K23) Erishnan, R. S., and D. H. T. Gant, Kature 144, 547 (1939).
(K24) Femen, M. D., and 8. Ruben, Phys. Rev. 58, 194 (1940).
(K26) Krishnan, R. 8., and T. E. Banks, Nature 145, 860 (1940).
(E26) Ealbfsll, D, €., and R. A. Cooley, Phys. Fov. 58, 91 (1940).
(K27) Krishnan, R. S., and B. A, Nahum, Proc. Cambridge Phil. Soc. 37,
422 (1941).
(k28) Erishnan, R. B., Proc. Cambridge Phil. Soc. 37, 186 (1941).
(E29) Krishnan, R. S., and BE. A, Nahum, Proc. Camtridge Phil. Sos. 38,
490 (1940). :
(X30) Hent, C. V., J. M. Cork end W. G, Wadey, Phys. Rev. 61, 389 (1942).
(K31) Erishnan, R. S., and T. E. Banks, Proc. Cambridge. Phil. Sos. 37,
317 (1941). -
(K32) Kovopinski, B. J., and G. E. Uhlenbeok, Phys. Rev. 48, 7 (1935);
see also Furie, F. N. D., J. R. Richardson and H. C. Paxton,
' Phys. Rov. 45, 368 (19565.
(k33) Karlik, B., and T. Bernert, Haturwisgensohaften 31, 452 51943).
(K50) Eovarik, A. F., and N. I. Adams,Jr., Phys. Rev. §4, 413 (1938).
(k51) Karlik, B., and T. Bernert, Naturwissenschaften 31, 298 (1943).
(KSZ; Eolhdrster, W., Naturwissenschaften,16, 28 (19287,
(K53) Klempsrer, 0., Proc. Roy. Soc.(london) Al48, 638 (1936).
(E54) Ko?n-i.k3 A. F., and N. I. Adanms, Jr., J7 Applied Phys. 12, 296
1941).
(K55) Karlik, B., and T. Bernert, Naturwissenschaften 52, 44 (1944).
(K56) Eruger, P. G., and W. B, dgle, Phys. Rev. .67, 273 (1945).
(KS7§ Eundu, D. N., and X. L, Pool, Phys. Rev. 70, 111 (19463.
(K58) Kundu, D. N., and M. L. Pool, Phys. Rev. 71, 140 (1947).




~

. Table of the Isotopes

References

Page 63

(KSQ) Kundu, D. N:i, and M. L. Pool, Phys. Rev. 71, 467 (1947).

(K60) Kundu, D. M., and M. L. Pool, Phys. Rev. 72, 101 (1947).

(R61) Eateof€, S., Phys. Rev. 71, 826. (1947).

(K62) Katooff, S., Phys. Rev. 72, 1160 (1947).

(K63) Enox, W. J., Phys. Rev. 72, 1254 (1947).

(K64) Fundu, D. N., and M. L. Pool, Phys. Rev. 73, 22 (1948).

(R65) Kneble, N., E. O. lawrence, C. E. Leith, B. J. Moyer.and R. L.
Thornton, Bull. -Am. Phys. Soc..23, No. 3, 20 (1948).

(R66) Erisberg, N L., and M. L Pool, Bull. Am. Phys. Soc. 23, Fo. 3,
57 (1948). *

(R67) Kern, B. D., D. J. Zaffaranoc and A. C. G. Mitohell, Phys. Rev. 78,
1142 (1948). 185 193—

(R68) FKatein, L. 1., and M. Pobereskin, ."The Isotopes Os "
AECD-1837 (Apr. 1948). : -

(R69) Kennedy, J. W., G. T, Seaborg, E. Segrs and A. C. Wahl, Fhys.
Rey. 70, 556 (1946); "Fissionable Isotops of a New Element:
942397, yNES-PPR Voli 148, Paper No. 1.2 (Mar., 1948)(ioteismed).

(g70) Kri(aber s ¥o L., M. L. Pool and C. T. Hibdon, Phys. Rev. 74, 44
1948).

(k71) Eatzin, L. I., and M. Pobereskin, Phys. Rev. 74, 264 (1948),

(K101) Kamen, M. D., Plutonium Project Report A-316 {Oot. 1942).

(K102) Kamen, M. D., private commmication.

(R103) Kohman, T. P., private ocommunioation. .

(K104) Katcoff, S., B. Finkle and N. Sugarman, reported in Plutonii
Project Report €C-1394, p. 3 (Mar. 1944).

(K105) Kateoff, 5., B. Finkle and E, angl;\(uﬂ, reported in Plutonium
Projest Report CN-2126, p. 5 (Sep¥. 19445?

(K206) Katcoff, S., B. Finkle and N. Sugarman, reported in Plutonium
Project Report CC-1331, p. 10 (Feb. 1944).

(K107) Katcoff, 8., B. Finkle, E. Hoagland and N. Sugarmen, reported
in Plutonium Project Report CC-1646, p. 5 (Apr. 1944).

(K108) Kennedy,.J. W., M. L. Perlman, E. Segré and A. C. Wahl,
Plutonium Project Report A-207 (July 1942).

(K209) Kohman, T. P., J. A. Swartout and W. H Sullivan, Plutonium
Project Report (H)CN-3213 (July 1945).

(K110) Enight, J. D., J. B. Novey, C. V. Cannon and A. Turkevich,
Plutonium Projeot Report CC-2605 (Feb., 1945). )

(K111) Katooff, S., reported in Plutonium Project Report CC-2310, p. 52
(Jan. 1945). . .

(K112) Katcoff, S., B. Finkle and N. Sugarman, reported in Plutonium
Project Report CC-2379, p. 9 (Nov. 1944),

(K113) Katooff, S., and B. Finkle, reported in Plutonium Project Report
€C-2810, p. 90 {Jan. 1945).

(K114) Katooff, S., and B. Finkle, Plutonium Project Report CC-3148
(July 1945).

$K116; Fhym, J. X., Plutonium Project Report Mon C-61 (Feb. 1946).

K117) Ratcoff, S., reported in Plutonium Project Report CC-2310, p. 702
(Jan. 1945).

(K118) Eatooff, S., reported in Plutonium Project Report CC-2310, p. 102
(Jan. 1945).

(K119) Katooff, S., C. R. Dillard, H. Finkelstein, B. Finkle, J. Seiler
and N. Sugarman, reported in Plutonium Project Report CC-2310,
p. 157 (Jan. 1945).

(K120) Katooff, S., reported in Plutonium Project Report CC-2310, p. 206
(Jan. 1945).

(K121) Katcoff, S., reported in Plutonium Project Report CC-2310, p. 224
(Jan. 1945).

(K122) Fahn, M., and G. A. Linenberger, Plutonium Project Report
1AMS-151, p. 12 {Oot. 1944).

(K124) Fatcoff, S., private communication from A. Turkevich (Oct. 1946).

(K125) Kohman, T. P., D. P. Ames and J. Sedlet, Plutonium Project

. Report ANL-WMM-189 (Mar. 1947); ™The Specifiec Activity of
Badium", AECD-852 (Mar. 1947).

(K226) Katooff, S., snd C. W, Stanley, Plutonium Project Report
LADC-402 (Mar. 1947).

(K127) HKetelle, B. H., and W. C. -Peacock, reported in Plutonium Project
Report Mon N-432, p. 58 (Dec. 1947).

(K128) Ketelle, B. H., and G. E. Boyd, reported in Plutonium Project

R Report Mon N-432, p. 98 (Dec. 1947).

(K129) Eatein, L. 1., and M. Poberegkin, reported in Flutonium Projeot
Report ANL-4021 (July 1947). .

(K130) Knight, G. B., and R. L. Macklin, ™Radiations of UY" AECD-1880
{Apr. 1948).

(R181) Knight, G. B., and R. L. Macklin, Uranium Project Report K~203
(Apr. 1928). '

(K132) Kelly, E. L., and E. Segré, "Soms Exg¢ttation Funotions of Alphas
and. Beuterons on Bismuth", AECD-1145 (June 1947).

(K133) Ketelle, B. H., and G. E. Boyd, reported in Plutonium Project
Report ORNL-65, p. 94 (July 19488.

and Os

(L1) Lewis, W. B., W. E. Buroham and W. Y. Chang, Nature 139, 24 (1937).

(L2) Langer, A., and W. E. Stephens, Phys. Rev. 58, 759 (1940).

(L3) Laslett, L. J., Pnys. Rev. 52, 529 (1937). —

(14) lawrence, E. 0., Phys. Rev. 47, 17 (1935).

(L5) Lyman, E. M., Phys. Rev. 51,71 (1937).

(L6) Libby, W. F., snd D. D. Lse, Pnys. Rev. 55, 245 (1939).

(L7) Livingood, J. J., end G, T. Seaborg, Phys. Rev. 54, 391 (1938).
(L8) Livingood, J. J., 8. T. Seaborg and F. Fairbrothsr, Phys. Rev.

52, 135 (1937). .

(19) Livingood, J. J., and G. T. Seaborg, Phys. Rev. 53, 947 (1938).
(L10) Livingood, J. J., and G. T. Seaborg, Phys. Rev. €0, 918 (1941).
(L11) Livingood, J. J., and G. T. Seaborg, Phys. Rev. 53, 765 (1938).
(L12) Livingood, J. J., and G. T. Seaborg, Phys. Rev. 55, 4567 (1939).
(L13) Livingood, J. J., Phys. Rev. 50, 425 (1936).

(L14) Livingood, J. J., and G. T. Seaborg, Fhys. Rev. 54, 881(1938).

(L15) Lawson, J. L., and J. M, Cork, Phys. Rev. 52, 53T (1987).

(L16) lark-Horowitz, K., J. R. Rigser and R. N. Smith, Pnys. Rev. 55,
878 (1939). -

51.17) Livingood, J. J., and G. T. Seaborg, Fhys. Rev. §5, 667 (19393.
L18) Livingood, J« J., and 0. T. Seaborg, Phys. Rev. 55, 41¢ (1939).
(L19) Livingood, J. J., and G. T. Seaborg, Phys. Rev. 54, 778 (193%8).

(L20) Livingood, J. J., and G. T. Seaborg, Phys. Rev. 54, 51 (1938).

(121) lawson, J. L., Phys. Rev. 56, 131 (1939).

(L22) Lyman, E. M., Phys. Rev, 5B, 1123 {1939).

(LZ:S; Livingood, J+ J., and G. T. Seaborg, Phys. Rev. 56¢ 1268 (1939).

(L24) lawrence, A. M., Proc. Cambridge Phil, Soc. 35, 30¢ {(1938).

(L25) Law, H. B., M. L, Pool, J. D. Eurbatov and L. L. Quill, Phys.
Rev. £9, 936 (1941). B

(L26) Lieber, C., Naturwissenschaften 27, 421 (1839).

(L27; Langsdorf, A., Jr., Phys. Rev. 68, 205 (1989).

Livingood, J. J., and G. T. Seaborg, unpublished work.

(L29) lawson, J L., and J. M. Cork, Phys. Rev. §8, 580 (1940).

(L30) Langadorf, A., Jr., and E. Segrd, Fhys. Rev. 57, 105 (1940).
Livingston, R. 8., and B, T. Wright, Phys. Rev, 58, 656 (1940).
lawson, J. L., and J, M. Cork, Phys. Rev. 57, 35'6—’(1940).

{L33) Lui(;z, ‘A.) L., M. L. Pool and J. D. Kurbatov, Fhys. Rev. 65, 61

1944 ).

(L84) Libby, W. F., Phys. Rev. 45, 845 (1934); assignment, half-life and
energy by T. P. Kohman, private communication (Mar. 1947).

Sus Lawson, Je L., Phys. Rev. 57, 1082 (1940).

167) lawson, J. L., and J. M. Cork, Phys. Rev. 67, 982 (1940).

(158) Levi, H., Nature 146, 688 (1940),

(L60) Lichtblau, H., Naturwissensohaften 27, 260 (1939)., -

(L70) Livby, W. F,, Phys. Rev. 56, 21 (1535).

(L71; Lecoin, M., J. phys. radim 9, 81 (1938).

(L72) Lee, D. D., and W. F. Libby, Phys. Rev. 55, 252 (1939).

(L73) Lewis, W. B., and B. V. Bowden, Proo. Roy. 8Soc.(London) Al45, 2836
(1934). Summarizes the results of varlous 5nvaut1gutora.7a1uea
recaloulated according to reference (Hsl).

(L74) Libby, W. F., end W. M. Latimer, J. Am. Chem. 8oc. 55, 433 (1983).

(L76) Lounsbury,M., S. Epstein,and H. G. Thode,Phys. Rev. 72, 517 (1947).

(L76) langer, L. M., and M. D. Whitaker, Phys. Rev. 51, 713 (1987).

(L77) Lougher, B. T., and S. Rowlands, Nature 153, 374 (1944).

(L78) Levinger, J., and E. Meiners, Phys. Rev. 71, 586 (1947).

(L79) langer, L. M., C. S. Cook and M. B. Sempson, Phys. Rev. T,

906 (1947).

(L80) Le!(.t.b, ()1. B., A. Bratenahl and B. J. Moyer, Phys. Rev. 72, T45
1947).

(18i) Levy, P. W., Phys. Rev. 72, 352 (1947).

(182) Lecoin, M., M. Perey and San-Tsiang Tsien, Cahiers phys. No. 26,
¥6.(1944). . -

(L83) Le_i(th. ()1. E., A. Bratenahl,and B. J. Moyer, Phys. Rev, 72, 732
1947). R

(L84) Levy, P. W., and E. Greuling, Phys. Rev. 7S, 83 (1948),

(L8S) Lindner, M., and I. Perlman, Phys. Hev. 75, 1124 (1948).

(L86) Lindner, M., and I, Perlmen, Phys. Rev. 73, 1202 (1948),

(L87) Lindner, Y., and I, Porlman, unpublished data {May 1948).

(L88) Leland, W. T., and A. O. Nier, Phys. Rev. 73, 1206 (1948).

(LBQ; Levy, P, W., Phys. Rev. 72, 248 (1947).

(L101) Langsdorf, A., Plutonium Project Report CP-902 (Aug. 1943).

(L103) -Levy, P. W., reported in Plutonium Project Report CP-1811, p. 15

(June 1944). -

(L104),Levy, H. A., and L. G. Stang, reported in Plutonium Project
Report €C-1204, p. 9 (Jan. 1944).

(L105) Levinger, J. 8., reported in Plutonium Project Report CP-1507

(Mar. 1944).

(L107) Levinger, J. S., E. P. Meiners, M. B. Sampson, A, H. Snell and
R. G. Wilkinson, Plutonium Project Report CP-1967 (July 1944).

(1108) Levinger, J, S., and M. B, Sampson, Plutonium Projeéct Report
CP-2267 (Oot. 1944). R

(L109) Levinger, J. S., and BE..P. Meiners, Plutonium Project Report

CP-2669 (Dec. 1944). :
(L110) Langsdorf, A. 8., end R. L. Purbrick, Plutonium Projeot Beport
CP-3272 (Oct. 1946).

(L111) lofgren, E. J., private communication (June 1946).

(L112) Lewis, L. G., and R. J. Hayden, Plutonium Project Report
CP-2928 (Apr. 1945). '

(L133) Levinger, J. 5., and E. P, 8teinberg, reported in Plutonium
Project Report CC-1993, p. 5 (Jan. 1945).

(LIIA; Levinger, J. 8., Plutonium Project Report CC~2776 (Mar. 1945).

(L116) Lincoln, D. C., and W, H Sullivan, Plutonium Project Report

(B)cN-3449 (Jan. 1946). )
(L116) Lewis, L. G., and R. J, Hayden, Flutonium Project Report CP-3295
: (Oot. 1945).
(L117) Lewie, L. G., and R. J. Hayden, reported in Plutonium Project
Report CP-3221 (Sept. 1945).
(L118) Levy, P. W., Flutonium Project Report Mon P-104, p. 13
(Apr. 1946),

(L119) Leader, G. R., Plutonium Project Report (H)CN-3464 (Jan. 1946).
(L120) Leader, G. R., and W. H Sullivan, Plutonium Projeot Report ’
(H)CW«3465 (Jan. 1946). i

(L121) Linenberger, G. A., Plutonium Project Report LAMS-266, p. 10

(May 1945). 287
(L122) laChapelle, T. J., "Range of Np“' Alphs Particles in Air",
ENES-FPR Vol. 14B, Paper No. 14.1 (Sept. 1947)(to be isaued);
Plutonium Project Report ANL~4037 (Oct. 1947). .
(L123) Lindner, M.y R. H. Goeckermann and I. Perlman, unpublished data
(Jan. 1947).
(L124) Levy, P. W., reported in Plutonium Projesct Report Mon P-228,
4 29 (Dec. 1946).

(L126) Levinger, J. 8., M. B. Sampson and A, H. Snell, Flutonium Project
Report CP-1014 (Oct. 1943).

(L126) Levy, P. W,, reported in Plutonium Project Report Mon P-26%9,
pe 20 (Mar, 1947).

(L129) Levy, P. W., Plutonium Project Report CP-3702 (Jan. 1947).

(L130) Langsdorf, A. 8., and M., G. Inghram, reported in Plutonium Project
Report CC~3780, p. 5 (Jan. 1947).

(L151) Levy, H. A., and M. B, Feldman, reported in Plutonium Project

Report Mon N-432, p. 100 (Deo. 1947).

(L1sz) Levy, P. W., reported in Plutonium Projesct Report Mon P-250,

p. 26 (Feb, 1947).




Table of the Isotopes
References

Page 54

(L133, Levy, P. W., Flutonium Project Reportis Mon P-368, p. 60 (Sept.
1947); Mon P-437, p. 38 (1947). )

(L134) Levy, P. W., reported in Plutonium Projest Report Mon P-314, p. 84
(June 1947). :

(M) Maier-Leibnite, H., Naturwissenschaften 26, 614 (1939).

(M2) Mandeville, C. E., Fhys. Rev. 62, 555 (1942).

(M3) MoMillan, E. M., and M. S. Livingston, Phys. Rev. 47, 452 (1935).

(¥4) Magnan, C., Compt. tend 205, 1147 (1937). -

(M5) MoMillan, E. M., and E, B, Lawrence, Phys. Bev. 47, 343 (1936).

(M6) Mandeville, C. E., Fhys. Rev. 63, 91 .(1943).

(M7) Mann, W. B., Phyd. Rev. 52, 4os—§1937).

(M8) Mann, W. B., Phys. Rev. B4, 649 (1938).

(M9) Moussa, A., and L. A. Goldstein, Phys. Rev. 60, 534 (1941);
Compt. rend. 212, 986 (1941). i

(mog}lﬁtchell. A. C.7G., Phys. Rev. 51, 995 {1937). .

(1) Mitchell, A. C. G., and L. M. Langer, Phys. Rev. 53, 505 (1938).

(M12) Mitohell, A. C. G., Phys. Rev. 53, 269 (19838)i .

(ms; Marsh, J. K., and S, Sugden, NaTure 136, 102 (1935).

(M4) Molennan, J. C., L. G. Grimmett end J, Read, Naturs 135, 147 (1935).

(05) MoMillan, E. M., ¥, Kamen and 8. Ruben, Phys. Rev. 52, 875 (1937).

(M18) Mclennan, J. C., L. G. Grimmett snd J. Read, Nature 135, 505 (1936).

(M17) Meitter, L., F. Strassmann and O. Hahn, Z. Physik 103, 538 (1938).

(M8) Molennan, J. C., and W. H. Rann, Nature 136, 831 (I535).

(M19) MeMillan, E. M., Phys. Rev. 55, 510 (19397,

(M21) MoCreary, B. L., G. Kuerti end S. ¥. Van Voorhis, Fhys. Rev. §7, 361
(-1948'. .

(M22) MoMillan, E. M., privete communication.

(M23) Minakawa, O., Phys. Rev. 60, 689 (1941},

(¥24) Mounoe,)K. E., N. L. Pool and J. D. Kurbatov, Phys. Rev. 61, 389
(1942).

(M25) Maurer, W., and W. Ramm, Naturwissenschaften.29, 368 (1941).

(M26) Magnan, C., Ann. phys. 15, & (1941). -

(M27) Mandeville, C. E., Phys. Rev. 63, 387 (1943).

(¥28) MeMillan, E. M., and P. H. Abelson, Phys. "ev. 57, 1185 (1940).

(M29) MacKenzie, K. R., private communication. -

(u30) Mandeville, C. E., Phys. Rev. 64, 147 (1943).

(M31) Meitmer, L., Arkiv Mat., Astron. Fysik 274, No. 17, 18 (1940).

(u:szg Maurer, W., and W. Ramm, Z. Physik 119, 602 (1942).

¥oquin, W. N., and M. B. Pool, Phys. Rev. 65, 60 (1944).
(M34) Mandeville, C.-E., end H. W. Fulbright, Phys. Rev. 64, 265 (1943).

(M35) Mitchell, A. C. G., E. M, Langer and P. W. MoDaniel, Phys. Rov.
57, 1107 (1940).
(M36) Minakawa, O., Phys. Rev. 57, 1189 (1940).

(¥37) MoMillan, E. M.,"Phys. Rev. 58, 178 (1940).

¥aurer, W., and W, Ramm, 2. Physik 119, 334 (1942).

Mulder, D., G. W. Boeksema and G. T+ Sizeo, Physioca 7, 849 (1840).

Martelly, J., Compt. rend. 216, 767 (1943). -

(M41) Martelly, J., Compt. remd. 216, 838 (1943).

(¥2) Meitner, L., Arkiv Mat., Astron. Fysik B28, Ne. 14,1 (1942).

(M51) MeKellar, A., Phys. Rev. 45, 761 (1934)%

(M52) Mitehell, J, J., H. S. Brown ard R. D. Fowler, Phys. Rev. 60,
359 (1941). -

?M) Yattauch, J., and V. Hauk, Naturwissenschaften 25, 781 (1937).

1543 Mattauch, Jv,an@ B Lichtblau, 2. Physik 111, 514 (1939).

(M55) Mattauch, J., end H. Bwald, Naturwissemsohaften 31, 487 (1943);
2. Physik 122, 314 (1944). -

_(MSS) lhl]l.i‘s?i;le; C. E., and M. V. Scherd, Bull. Am. Phys. Soo. 23, No. &,

1948). -

(M57) Motta, E. EJ, and G. E. Boyd, Phys. Rev. 74, 344 (1948).

(M60) Moitmer, L., Z. Physik 17, 54 (1823).

(M61) Marshall, J. S., Proc. Roy. Soc.(london) A173, 391 (1939).

MeMillan, E. M., and S, Ruben, private cormunication (Jan. 1946).

(M83) MoMillan, B. M., private communication {(June 1946).

(¥64) ¥e¥illan, E. M., W. J. Knox and R. H, Goeckermann, private
communication (June 1946). :

(MGE; ¥eMillen, E. M., and S. Ruben, Phys. Rev. 70, 123 (1946).

Mitchell, A, C. G., L. M. Langer and L. J. Brown, Phys. Rev. 71,

&
©
o

140 (1947).
(ll67g Miller, L, C., and L. F. Curtiss, Phys. Rev. 70, 983 (1946).
Mitchs)zl, AS Ce G., E. T. Jurney and M, Ramsey, Phys. Rev. 71,
324 (1947). -
(M69) Motta, E. E., G. E. Boyd and A. R. Brosi, Phys. Rev. 71, 2lu (1947).
(W70) Moitner, L., Z. Physik 50, 16 (1928)., -
(lﬂl) My, A. N., and B. P. Hinoks, Can. J. Research 25, 77 (1947).
Yoter-Letbnite, H., Z., Physik 122, 233 (1944). —
(M73) mggg. (}115 %. G. Sohwchleim azd M. D. deSouza Santos, Phys. Rev. 71,
47). -
(ur4) Matthews, D. E., and M. L. Pool, Phys. Rev. 72, 163 (1247).
(M75) Meitner, L., Arkiv Yat., Astron. Fysik 324, No. 6 {1945).
(M76) Miller, A. E., and M. Deutsch, Phys. Hev. 72, 527 (1947).
(M77) Mandeville, C. E., and M, V. Scherb, Phys. Rev. 73, 141 (1948).
(x78) lﬂgéers,sé..(c., 3:\&'1 L. F. Curtiss, J. Research Fa¥. Bur. Standards
. 1547).
(M79) Meltner, L., Arkiv Mat., Astron Fysik 334, No. 2 (
. o . . 1946).
(80) mgggel(%;;i Cs Gop Eo T. Jurney and u."m;mey. Phys. Rev. 71,
(MBI; Yatthews, D. E., and M. L. Pool, Phys. Rev. 72, 163 (1547).
(¥82) Mandeville, C. E., and M. V. Scherb, Phys. Rev. 73, 656 (1948,.
(M83) Madansky, L., and M. L. Wiedenbsok, Phys. Rev. 72, 185 (1947).
(MB4) Mandeville, C. E., and M. V. Soherb, Phys. Rev. 78, 340 (1948).
(M85) McMillan, E. M., Phys. Rev. 72, 691 (1947). -
(M86) l(o(zlhé;.,!)!':. E., G. E. Boyd end Q. V. Larson, Pnys. Kev. 72, 1270
(M87) Iﬂ;i;rzlg;e})l., R. C. Tnompson and B. B. Cunningham, Phys. Rev. 74,
: =
(¥88) MeCown, D. A., L. L, Woodward, ¥ L. P
. A. . L. » M. L. Pool and H. L. Finston, Bull.
(ams) hAz..ﬁn;;{s. goo.g 23, No. 3, 55 (1948). . :
nde 8, C. E., and M, V. Soherb, Phys. Rev. 73, 1434 (1948)
ggo) lhndevil}‘n. C. E., and M. V. Scherb, Phys. Rev. 7—3: 848 (1948)..
1) Meyerhof§, W. E., and 0. Scharff-Goldhaber,Phys. Rev. 72, 273 (1947},

(M127) Marinsky, J., and L. B. Glendenin, Plutonium Project Report

(M92) Magnusson, L. B., and T. J. LaChapelle, J. Am. Chem. Soo.,in
publication.

(M33) Martelly, J., Ann. phys. (Ser. 12) 2, 656 (1947).

(M94) Mitchell, A. C. G., D. J. Zaffarano aad B. D. Kerﬁ, Phys. Rav.
‘73, 1424 (1948).

(¥95) Motta, E. E., and G, E. Boyd, Pnys. Rev. 73, 1470 (1948).

(M96) Motta, E. E., and G. E. Boyd, Phys. Rev. 74, 220 (1948).

(M97) Miller, D. R., unpublished data {July 19487,

1{M98) MoElhinney, J., A. O. Hanson and R. B. Duffield, Bull. Am. Phys.
Soo. 23, No. 4, 7 (1948). i

(M99) MoCown, D. A., L. L. Woodward, M. L. Fool and H. L. Finston,
Bull. Am. Phys. Soo. 23, No. 4, 16 (1948).

(M101) Meiners, E. P., and J. §, Levinger, reported in Plutonium Projest
Report CP-1728 (May 1944).

(ML103) Marshall, J., reported in Plutonium Project Report CP-718
(June 1943).

(M104) Metocalf, R. P,, Plutonium Project Report CN-2126, p. S
(Sept. 1944).

(M105) Metoalf, R. P.; private communication. .

(ML06) Mitohell, A, C. G., and L. J. Brown, Report CC-826, p. 2
(July 1943). :

(M107) Mitchell, A. C. G., L. M. langer and L. J. Brown, Plutonium
Project Report CP-318 (Oot. 1942).

(ML08) Mitohell, A. C. G., L. Y., Langer and L. J. Brown, Plutonium

: Projeot Report CN-409 (Dec. 1942).

(M09) Mitchell, A. Ce G., L. Slotin, J. larshall, V. A. Nedzel,
L. J. Brown and J. R. Pruett, Plutonium Projest Report
CP-597 (Apr. 1943). .

(ML110) Morgan, L. 0., Ps R. O'Connor and H. P. Robinaon, private
communicetion (Mar. 1948).

(Mi20) Miller, L, C., and L, F. Curtiss, Plutonium Project Report
CP-3102 {Aug. 1945). -

(M121) Merinsky, J., J. Siegel, L. Glendenin and R. Money, reported in
Plutorium Project Report CN-2839, p. 10 {June 1945).

(M122) Matcalf, R. P., reported in Plutonium Project Report CC-2379
(Nov. 1944). . .

(M123) Metecalf, R. P., reported in Plutonium Projest Report CC-2310,
p. 126, 131 {(Jan. 1945).

(ML24) Moak, C. D., Plutonium Project Report CP-2806 (Apr. 1945).

(M126) Metcalf, R. P.,reported in Plutonium Projeet Report CC-2310,
ps 140 {(Jan. 1945).

€C-2829, (June 1945).

(M.28) MoMillen, E. M., end T. M, Putnam, private communication
(July 1946).

(M129) Megnusson, L. B., and T. J. laChapelle, "The First Isolation of
Element 93 in Pure Compounds and a Determination of the
Half-Life of ooNp237®, NNES-FPR Vol. 148, Paper No. 1.7
(July 1948) (%o be issued); Univ. of Calif. Radiation Laboratory
Report UCRL-105 (May 1948).

(Ml30) Motte, E., G. E. Boyd and A. R. Brosi, Plutonium Project Report
Mon €-132 (July 1946).°

(M32) Marinsky, J. A., and L. E. Glendenin, reported in Plutonium
Project Report Mon N-6, p. 9 (Aug. 1945).

(M133) Marinsky, J. A., and L. E. Glendenin, "fhe Discovery, Identifica-
tion end Characterization of 47h Element 61(149)%, N¥NES-PPR
Vol. 9B, Paper No. 7.54.5 (1946)(to be issued).

(M134) MoMillan, E. M., private communication (Jan. 1947).

(M135) Motta, E., and G. E. Boyd, Plutonium Project Report Mon C-169
(Jan. 1947).

(M136) Moyer, B. J., T. J. Parmley and K. A. Pierce, private communication
(Jan. 1947).

(M137) Moyer, B. J., C. E. Leith, A. Bratenahl and K. A. Pierce,
private communication (Jan. 1947).

(138) Morgen, L. 0., and G. T. Seaborg, unpublished data (1947).
(M139) Motte, E. E., Q. V. larson and G. E. Boyd, reported in .
Plutonium Project Report Mon N-432, p. 96 (Dec. 1947).

(M140) Muehlhause, C. O., reported in Plutonium Project Report
ANL-4076, p. 29 (Oct. 1947). .

(M141) Muehlhause, C. O., reported in Plutonium Project Report CP-3750,
p. 48 (Jan. 1947).

(¥142) Muehlhause, C. O., reported in Plutonium Projeot Report CP-3750,
p. 46 (Jan. 1947).

(M143) McGowan, F. K., end S. DeBenedetts, Plutonium Projeot Report
Mon P-437, p. 39 (Dec. 1947),

(M144) Maoklin, R. L., Uranium Project Report K-97 (Deo. 1947).

(M146) Meinke, W. W., A. Ghiorso,and G. T. Seaborg, unpublished data
(July 1948) :

(mg Nahmiss, M. E., and R. J. Walen, Compt. rend. 203, 71 (1936).

(N2) Fewson, He W., Phys. Rev. 48, 79C (1935). -

(n:s; Newson, H. W., Fhys. Rev. BI, 624 (1937).

[4.73 Nai(du. I;l-, and R. E. Siday, Proc. Phys. Soc.(London) 48, 332
1936).

(N5) Fishina, Y., T. Yasaki, K. Kimura and N. Ikawa, Nature 142,
874 (1938). -

(N6) Nielsen, C. E., Phys. Rev. 60, 160 {1941).

(N7) Neuninger, E., and E. Rona, Zns. Akad. Wiss. Wien, Math.-naturw.
Klasse 73, 159 (1936).

(N8) Nishina, Y., T. Yasaki, H. Bgoe, K.
Rev. 57, 1182 (1940).

(N9) Nishina, Y., T. Yasaki, H. Ezoe, K. Kimura and M. Ikawa,
Nature 146, 24 (1940).

(F10) Nelson, ¥, E., M. L. Pool and J. D. Kurbatov, Phys. Bev. 61, 733
(1942); 62, 1 (1942). -

\N11) Nelson, M. B., M. L. Pool and J. D. Kurbatov, Phys. Rev. 61,
428 (1942). -

(§12) Nishina, Y., T. Yasaki, K. Eimura and M. Ikawa, Phys. Rev. 59,
677 (1941).

(¥13) Nighina, Y., T. Yasaki, K. Kimura and M. Ikawa, Phys. Rev. 59,
323 (1941).

Eimura and M. Ikawa, Pnys.




Table of the Isotopes

References

Page 56

(m4)

(N15)

(N30
(N8}
(n32
(Nssg
(w34
(N35
(N36
(n37
(n38
(§39
(Neo
(N41

(V42
(Ng3
(N4e
(N45)
(N46)
(x47)
(N101)
(x102)

(¥103)

(x104)
(3m05)

!
trien)

*(M08)

(N109)

(N110)

(¥112)

(N115)
(N114)

(mis)
(¥16)
(N117)
(01)
(02)
(03)
(04)
(05)
{06)
(07)
(08)
(09)
(010}
(o11)
(o12)
(013)
(0z0)

(030)
(031)

(o101)
(o102)
(0103)
(0104 )
(0106)
(o107)

(0108)

- (0109)

(o110)
(0112)

(0113)

“(o114)

(0115)
(o11€)

Nishina, Y., T. Yasaki, K. Fimura and M. Ikawa, Phys. Rev. 58,
660 (1940).

Nishina, Y., K. Kimura, T. Yasalki.and-M. Tkewa, 2. Physik 119,
195 (1942).

Fier, A. O., Puys. Rev. 52, 93% (1937).

Nier, A. 0., .nd E. A. Gulbrenson, J. Am. Chem. Soc. 61, 697 (1939 X

Nier, A. 0., Phys. Rev. 53, 282 (1938).

Nier, A. 0., and E. E. Hanson, Phys. Rev. 50, 722 (1936)

¥ier, A. O., Phys. Rev. 50, 1041 (1936).

Nier, A. O., Phys. Rev. 55, 1143 (1939).

Nier, A. O., Phys. Rev. 54, 275 (1938).

Nier, A. O., Phys. Rev. E‘, 885 (1937).

Nier, A. O., J. Am. Chem. Soc. 60, 1571 (1938).

Nier, A. 0., Phys. Rev. 55, 150 (1939).

Nedry, G. J. Proc. Roy. Soc._ (London) Al75, 71 (1940).

Nier, A. 0., Phys. Rev. 55, 150 (1939). Velues recalculated
acoording to refersnce (K54).

Ney, E. P., and J. H. MoQueen, Phys. Rev. 69, 41 (1946).

Forris, L. D., and M. G. Inghram, Fhys. “BVT'ZED 772 (1946).

Naldrett, S. N., and W. F. Libby, Phys. Rev. 73, 487 (1948).

Norris; L, D., and Y. G. Inrhram, s, Rev. 73, 350 (1948).

Novick, A., Phya. Rev. 72, 972 (1947§

Neuert, H., Z. Naturforsch. 2a, 432 (1947).

Nedzel, V. A., privafe communication (1944).

Nedzel, V. A., and E. C. Barker, reported in Plutonium Project
Raoorts"P-l728 (June 1944); CP-1811 (July 1944).

Novey, T. B., W. H Sullivan, C. D. Coryell, A. S. Newton, N. R.
Sleipht and 0. Johnson, reported in Plutorium Project Report
€C-529, p. 51 (Mar. 1943).

Novey, T. B., reported in Plutonium Project Report CC~-680, p. 22
(May 1943).

Newton, A. S., A. Xent and R. E. Hein, reported in Plutonium
Project Renort cc-418C, p. 7 (Jan. 1941’3

¥ovey, T. 3., Plutonium Project Report €C-1631 (June 1944),

Nedzel, V. A., and M. B. Sampson, reported in Plutonium Project
Report CP-2160 (Sgpt. 1944).

Yedzel, V. A., L. J. Brown, Z. P. Meiners and W. P. Jesse,
Plutonium Project Revort CC-2299 (Oct. 1944).

Nedzel, V. A., end M. B. Sampson, Plutonium Project Report
€C-2283 (Oct. 1944).

Novey, T. 3., W. H Sulliven, C. D. Coryell, A. S. Newton,

N. B. Sleirht and O. Johnson, reported in Flutonium Project
Report CC-763 {May 1943). N

Nottorf, R. W., reported in Plutonium Project Report CC-725, p. 5
(June 1943).

Novick, A., private communicetion (april 21, 1947).

Norris, L. D., and M. G. Inrhram, reported in Plutonium Project
Report Mon P-314, p. 10. {(June 1947§.

Newton, A. S., Univ. of Calif. Radiation Leboratory Report
UCRL-84 (April 1948).

Newton, A. S., Univ. of Calif. Radistion Laboratory Report
UCRL-83 {April 1948).

Keumann, H., and 1. Perlman, unpublished data {Aug. 1948).

<Al

Oldenberg, 0., Phys. Rev. 53, 35 (1938).

Oppenheimer, F., and E. P . Tomlinson, Phys. Rev. 56,. 8s5e (1939).

0'Neel, R. D., Phve. Rev. 60, 359 (1941).

O'Neal, R. D., and M. GoldRaber, Phys. Rev. 58, 574 (1940).

0'Neal, R. D., Phys. Rev. 59, 109 (1941).

O'Neal, R. D., and N, Goldﬁ_ber, Phys. Rev. 57, 1086 (1940)

O'Connor, J. J., M. L. Pool and J. D. Kurbatov, Fhys. Rev. 6z,
413 (1942).

O'Neal, R. D., and G. Scharff-Goldhaber, Phys. Rev. 62, 83 (1842).

Ollano, 2., Recerca sci. 11, 568 (1940).

Ople, W. E., and P. G. Kruper, Phys. Rev. 65, 61 (1944).

Osvorne, R. K., and W, C. Peacock, Pays. Rev. 69, 679 (1946).

Osborne, R. K., end M. Deutsch, Phys. Rev. 71, 367 (1947).

Ople, W., L. Brown and R. Conklin, Phys. Rev. 71, 378 (1047).

Ornstein, L. S., and J. A. Vreeswijk, Jr., Z. Fhysik 80, 57
(1933).

Ollano 2., Nuovo cimento 18, 11 (1941)

Orth, D. A., V. Heiman, L, Marquez end D. H. Templeton, unpub-
1ished deta (July 1948).

Overstreet, R., L. Jacobson and J. G. Hamilton, reported in
Plutonium Project Report CH-1460, p. 77 (Apr. 1944).

Overstreet, R., L. Jacobson, K. Scott and J. G. Hamilton,
Plutonium Project Report CH-379 (Dec. 1942).

Overstreet, R., L. Jacobson and J. G. Hamilton, reported in
Plutonium Project Report CH-1460, Section A(Apr. 1944).

Overstreet, R., L. dacobson and J. G. Hamilton, reported in
Plutonium Project Report CH-498- (Feb. 1943).

Overstreet, Re., L. Jacobson and J. G. Hamilton, Plutonium Project
Report CH-848, p. 3 (Aur. 1943).

Overstreet, R., L. Yacobson, H. Fisher and K. Scott, reported in
Plutonium Project Report CH-1049, Section B (Oct. 1943).

Osborne, D. W., R. C. Thompson and Q. Van Winkls, "Products of
the Deuteron and Helium lon Bombardments of Pa231", NNES-PPR
Vol. 17B, Paper No. 9.8 (1946)(to be issued).

Overstx)'es R., and L. Jacobson, private comunicahan (Sept. 17,
1946). .

Overman, R. T., private communication(Oct. 1945).

Overman, R. T., reported by J. R. Coe 1n Plutonium Project
Report Mon N-84 (¥ar. 1946).

Overman, R. T., reported by J. R. Coe in Plutonium Project
Report Mon N-1€1 (Aug. 1946).

Overman, R, T., and L.- R, Zumwalt, re—zorted in Plutonium Pro*ect
Report Mon N-194 (dct..1946), .

O'Connor, P. R., and G. T, Seaborv, unpubhshed data (1947).

Overstreet, R., L. \’ncobson and P R. Stout, prlvate communicatim
(July 1948).

(P10)
(Pllg
(P12

(P13)
(P14)
(P15)

(P16)

(P17}
(p21)
(P40)

(P41)
(Pa2)
(P43)
(Paa)
(Pas)
(P47)
(P48)
(Pa9)
(Ps507)

(Psl)
(ps2)

(P53 )

(P54)
(Ps5)
(P56)

(P57)
(Psg)
(P59}
(P101)

(P102)

(P103)

" (P104)

(P105)

(P106)
(P107)
(P108)
(P109)
(P110)

(P111)
(P112)

(P113)

(R1)

(Re)
(r3)
(n4)
(”5)

(R6)

(r7)
(r8)
(R
(R10)

(R11)
(rR12)
(r13)

(R14)
(Rr15)
(R16)

(R17)
(R18)

Folessitsky, A., Physik Z. Sowjetunion 12, 339 (1937).

Pool, M. L., J. M. Cork and R. L. Thornton, Phys. Rev. 52,
289 (1937).

Plesset, E. H., Pnys. Rev. 62, 181 (1942).

Perrier, C., M. Santangelo and E. Segrd, Phys. Rev. 53, 104(1938)

Pontecorvo, B., Phys. Rev. 54, 542 (1938).

Pool, M. L., Phys. Rev. 58,7116 (1938).

Pontecarvo, B., and A. lagard, Compt. rend. 208, 99 (1938).

Fool, M. L., and J. M. Cork, Pnys. Rev. 51, 1010 (1937).

Pool, M. L., and L. L. Quill, Phys. Rev. 53, 437 (1938).

Preigwerk, P., and H. von Halban, Compt. rend. 201, 722 (1935).

Pecher, C., Phys. Rev. 58, 843 (1940).

Polessitsky, A., and N. Nemerovsky, Compt. rend. aced. sci.
U.R.S.S. 28, 217 (1940).

Perfilov, N, A., Compt., rend. acad. soi. U.R.S.S. 33, 485 (1941).

Pool, M. L., and J. D. Kurbatov, Phys. Rev. 63, 463 (1943). .

Polessitsky, A., and M. Orbeli, Compt. rend. “acad. sei. U.R.S.8.
28, 215 (1940),

Palessitsky, A., N+ Nemeroveky, M. Orbeli and N. Baronekik,

J. Phys. (U.S.8.R.) IV, 284 (1941).

Pool, M. L., and J. E. Edwards, Phys. Rev. 67, 60 (1945).

Pollard, E., and W, W. Watson, Phys. Rev. 58, 12 (1940)

Perey, M., Compt. rend.(Paris) 208, 97 (1939); J. phys. radium
10, 435 (1839).

Perey, M., and M. Lecoin, J. phys. radium 10, 439 (1939).

Perey, M., and M. Lecoin, Nature 144, 326 T1939).

Perey, M., and M. Lecoin, Compt. rend 212, 893 (1941).

Paul, W., Naturwisgenschaften 31, 419 (1943).

Peacoock, W. C., and M. DeLtS(:hTPhys. Rev. 69, 306 (1946).

Pool, M. L., snd J. E. Edwards, Phys. Rev. 83, 49 (1946).

Pierce, A. K., and F. W. Brown, Phys. Rev. 7o 779 (1946).

Peacock, Cs, and R. G. Wilkinson, Phys. Rev, 72 251 (1947).

Peacock, W. C., R. D. Bvans, J. W. Irvine, W. M. Good, A. F. Kip,
S. Weiss and J. 6. Gibson, J. Clin. Invest. 25, 605 (1946).

Parmley, Te J., and B. J. Moyer, Phys. Rev. 72, 82 (1947).

Parmley, T. J., and B. J. Moyer, private communication (July 1947 )

Farker, G. W., P. M, Lantz, M. G. Inghram, D. C. Hess,Jr., and
R. J. Hayden, Phys. Rev. 72, 85 (1947).

Porey, M., J. chim. phys, 48" 155 (1946).

Perlman, M. L., and G. Friedlander, Phys. Rev. 72, 1272 (1947).

Perlman, I., R. H. Goeckermann, D. H. Templeton and J. J.
Howland, Phys. Rev. 72, 352 (1947).

Peacock, W. C., Phys. Rov. 72, 1049 (1947).

Pool, M. L., and N. L. xrasiirg, Phys. Rev. 73, 1035 (1948)

Peacdok, W. C., and R. G. Wilkinson, Phys. Rev. 74, 297 (1948).

Pardue, L. A.,, R. G. Lester and E. O. Wollan, reported in
Plutonium Project Report CK-1096 {(Nov. 1943).

Porlman, I., P. R. O'Connor-end L. O. Morgan, "The Bombarggint
of U233 with 44 Mev Helium Jons and the formation of Pu
NNES~PPR Vol., 14B, Paper No. 22.30 (to be issued).

Parker, G. W., G. M. Hebert, P, M. Lantz, A. C. Meredith, J.
Reed, J. W. Ruch and A. J. Weinberger, reported in Plutonium
Project Revort Mon N-211, p. 4 (Nov. 1946). -

Perlman, I., J« J. Howlend and D. H. Templeton, unpublished data
(1947).

Paterson, S., "Transmutation of Radium to Actinium (Ac 27)",
NNES-PPR Vol. 14B, Paper No. 19.9 (Sept. 1947)(to be issued);
Plutonium Project Report ANL-4042 (Sept. 1947).

Peacock, We C., J¢'W. Jones and R. T. Overman, reported in
Plutonium Project Report Mon N-432, p. 56 (Dec. 1947).

Parker, G, W., G. M, Hebert, P. M. Lantz, A. C. Meredith, J.
Reed and J. W. Ruch, reported in Plutonium Project Report
Mon N~311, p. 60 {June 1947).

Peacock, W. C., Plutonium Project Report Mon P-338 (Aug. 1947).

Poacock, W. C., A. R. Brosi and.A. D. Bogard, reported in
Plutonium Project Report Mon N-432, p. 58 (Dec. 1947). '

Peterson, S., ard A. Ghiorso, "Half-life of Thortum=-227 (Radio~
actinium)", NNES-FPR Vol. 17B, Paper No. 9,18 (1946)(to be.
issued); Plutonium Project Report CB-3791 (Mar. 1947).

Peacock, W. C., and J. W. Jones, unpublished data (Feb. 1948).

Peterson, S., and A. Ghiorso, "Alpha Branching of Actinium-227",
NNES-PPR Vol. 14B, Paper No. 19.1C (1946)(to be issusd);
Plutonium Project Report ANL-4043 (Oct. 1947).

Parker, G. W,, P. U, Lantg, J. W. Ruch and G. M. Hebert, reported
in Plutonium Project Report ORNL-65, p.-105 (July 1948).

Roberts, R. B., N. P. Heydenburg and G. L. Lochér, Phys. Rev.
53, 1016 (1938).

Richardson, J. K., Phys. Rev. 55, 609 (1939).

Ridenour, L. N., and W, J. Hendersen, Phys. Rev. 52, 889 (1937).

Richardson, J. K., Phys. Rev. 53, 124 (1938).

Ridenour, L. N., L. A. Delsasso, ¥. G. White and R. Sherr,
Phys. Rev. 53, 770 (1938).

Roberts, A., J. R. Downing and M. Deutsoh, Phys. Rev. 60, 544
(1941).

Rotblat, J., Nature 148, 371 (1941).

Richardson, J+ R., end F. N. D. Kurie, Phys. Rev. 50, 999 (1936).

Risser, J. R., Phys. Rev. 52, 768 (1337}.

Reddemann, H., and F. Stressmann, Naturwissenschaften 26, 187
(1938).

Ruben, S., and M. D. Kamen, private communication.

Richardson, J. R., Phys. Rev. 60, 188 (1941).

Rumbaugh, L. H., R. B. Roberts and L. R. Hafstad, Phys.
54, 657 (1938).

Rumbauyh L. H., and L. R. Hafstad, Phys. Rev. 50 681 (1936).

Reddemann, H., Naturwissenschaf“en 28, 110 (19407,

Risser, J. R., K. Lark-Horowitsz andqﬂ. N. Smith, Phys. Rev.
57, 355 (1940).

RuEEh, S., and M. D. Kamen,> Phys. Rev. 57, 649 (1940).

Risser, J. R., and R. N. Smith, private “Cormunication from K.
Lark-Horowite.

Revs -




Table of the Isotopes

References

Page 56

(R19) Roberts, A-, and J. W. Irvine,Jdr., Phys. Rev. 53, 936 (1941).. -
(R20) Reddemann, H., Z. Physik 116, 137 (1940).
(R21) Ruben, S., and M. D. Kamen, FPhys. Rev. 59, 349 (1941).
(r22) Riezler, W., Naturwissenschaften 31; 328 (1943).
(R23) Roberts, A., L. G. Elliott, J. R. Downing, W. C. Peacock and M.
Deutsch, Phys. Rev. 64, 268 (1943).
(R24) Rona, ES, Anz. Akad. Wiss. Wien, Math.-Naturw. Klasse 73, 159
(1936
(R25) Rumbaugh, L. H., R. B. Roberts and L. R. Hafstad, Phys. Rev. 51,
1108 (1937).
(R40) Rasetti, F., Elements of Nuclear Physics, Prentice-Hall (193€).
(R41) Rotblat, J., Proc. Roy. Soc.(London) A177, 260 (1941).
(R42) Ringo, R., Phys. Rev. 58, 942 (1940);759, 107 (1941). Values
recaleulated according to reference -(—81 ).
(R43) Rayton, W. M., and T, R. Wilkins, Phys. Rev. 51, 818 (1937).
Values recalculated according to reference TE81).
(R44) Rubin, S., Phys. Rev. 69, 134 (1946).
(R45) Richardson, J. R., and B. T. Wright, Phys. Rev. 70, 445 (1946)5
(R4sg Rall, W., Phys. Rev. 70, 112 (1946).
(R47) Riszler, W., Physik Z., 45, 191 (1944).
(R48) Reid, A. F., and ‘A. S. KZEton. Phys. Rev. 70, 987 (1946).
(R49) Rall, W., and R. G. Wilkinson, Phys. Rev. VI, 321 (1947).
(R50) Reid, A. F., J. R. Dunning, S. Weinhouse and A. V. Grosse,
Phys. Rev. 70, 431 (1946).
(R51) Redman, W. C., and D. Saxon, Phys. Rev, 72, 570 (1947).
(R52) Ramsey, M. M., J. L. Meem and A. C. G. Mﬁchell, ths.ﬂev. 72,
639 (1947).
(R53) Reynard, G., Compt. rend. 226, 1269 (1948).
(R101)} Redman, C., and D. Saxon, reported in Plutonium Proiect Report
CP-1965 (July 1944).
(R102) Rubinson, W., reported in Plutonium Project Report CS-3072
(June 1945).
(R103) Russell, B., and A. ﬂattenberg, Plutonium Project Report .
CP-3305 (Oct. 1945),
(R104) Russell, B., and A. Vattenbers, reported in Plutonium Proiect
Report CP-2638 (Dec. 1944).
(R105) Rall, W., and A. J. Dempster, Plutonium Project Report
CP-3537 (Jure 1946).
(RLO6) Roberts, J. E., and A. C. Wahl, Plutonium Project Report
LA-446 (Nov. 1945).
(R107) Richter, H., end N. Sugarman, reported in Plutonium Project
Report ANL-4076, p. 48 (Sept. 1947).
(R108) Reynolds, F. L., D. G. Karraker and D. H. Templeton, unpubllshed,
data (July 1948).
(S1) Snell, A. H., Phys.-Rev. 51, 143 (1937).
(s2) Saysne, R., Phys. Rev. 50, 1141 (1936),
(83) Smell, A. H., Phys. Rev. 49, 555 (1936).
(s4) Segrs, E., Phys. Rev. 55, 1104 (1939).
(s5) Sinma, K., and H. Yamssaki} Sci. Papers Inst. Phys. Chem.
Research {Tokyo) 35, 16 (1938).
(s6) Sapane, R., Phys. Fov. 55,31 (1939).
(s7) Sagane, R., Phys. Rev, 53 212 (1938).
(se) Solomon, A. K., Phys., Rev. 60, 279 (1941).
(39) Snell, A. H., Phys. Rev. 52, 1007 {(1937).
($10) Segrs, E., R. 8. Halford and G. T. Seaborg, Phys. Rev. 55, 321

(1939).

(S11) Stewart, D. W., J. L. Lawson and J. M. Cork, Phys. Rev. 52,
901 (1937).

(s12) sarane, R., S. ¥ojima, G. Miyamoto and M. Ikawa, Phys. Rev. 54,
543 (r938).

(s13) Sapane, R., S. Kojima, G. Miyamoto and M. Ikewa, Phys. Rev.
54, 970 (1938).
(s14) Seaborg, G. T., and E. Segré, Phys. Rev. 55, 808 (1939).
(s15) Seaborg, G. T., J. J. Livingood and J. W. Kennedy. Phys. Rev: 57,
. « 363 (1940).
(516) Sinma, K., and F. Yamasaki, Phys. Rev. 55, 520 (1939).
(817) Sizoo, G. J., and C. Eijkman, Physica 6,332, (1939).
(s18) Strain, C. V., Phys. Rev. 54, 1021 (1938).
(S19) Smith, G. P., Phys. Rev. 61, 578 (1942).
(S20) Scheichenberger, H., Anz._A.kad. Wiss. Wien, Math.-Naturw,
) Klasse 75, 108 (1938).
(s21) Segra, E., €ud €. S. Wu, Phys. Rev. 57; 552 (1940).
(s22) Segre, E., J. W. Kennedy and G. T. Saborp, unpublished work.
(s23) Sohaeffer, W., and P. Harteck, Z. Physik 113, 287 (1939).
(s24) Stewart, D. W., Phys. Rev. §6, 629 (1939)T
(825) Sagane, R., S. Kojima and G. Miyamoto, Proc. Phys.-Math. Soc.
Japan 21, 728 (1939).
(s26) Sarane, R., S. Kojima, G. Miyamoto eand M. Ikawa, Proc. Phys.-
¥ath. Soo. Japan 21, 660 (1939).
(s27) Segre, E., and C. ST Wu, private communication.
(s28) Segrd, E., private communication.
(s29) Sagane, R., G. Miyemoto and M. Ikawa, Phys. Rev. 59, 904 (1941).
($30) Seaborg, G. T., J+ J. Livingood and G. Friedlander, Phys. Rev.
59, 320 (1941).
(s31) Siday, R. E., Proc. Roy. Soc.(London) A178, 189 (1941).
(832) Scharff-Goldhaber, G., Phys. Rev. 59, 337 (1941).
(S33) Segre, E., and G. T. Seaborg, Phys. Rev. 59, 212 (1941).
(834) Smith, R. N., Phys. Rev. 61, 389 (1942).
(835) Strassmann, F., end O. Heauhn, Naturwissenschaften 28, 817 (1940).
(s36) Seaborg, G. T., and G, Friddlander, Phys. Rev. 59, 400 (1941).
($37) Sherr, R., K. T. Bra:mbridge and H. H. Anderson, Phys. Rev.
. 60, 473 (1941).
(838) Seaborg, G. T., J. W, Gofman and J. W. Kennedy, Phys. Rev.
59, 321 (1941).
(S39) Starke, K., Naturwissenschaften 30, 107 (1942).
(S40) Sagene, R., S. Kojima, G. Miyamoto and M. Ikawa, Phys. Rev.
57, 760 (1940).
" (S41) SeeImann-Eggebert, W., Naturwissenschaften 28, 451 (1940).
(s42) Sapane, R., S. Kojima, G. \diyamoto and M. Iﬁwa, Proc. Phys.-
Math. Soc. Japan 22, 174 (1940).

(843)

(s44)
(s45)
(848)

(sa7)
(s48)
‘(sa9)

(850)
(s51)

(s52)

(853)
(554)

(s55)

(s56)
(s57)
(s58)
(s59)

(560)

(561)
(s62)
(s63)
(s64)
(s65)
(566)
(s67)
(s68)
(569)

(570)
(s71)

(s72)
(573)
(8743

575
Esvs)
(s77)
(s79)
(s80)
(s81)
(s82)
(ses)
(s84)
(ses)
(s8s)
(s87)
(s88)
(589)
(s90)

(s91)
(s92)

. (5933

(s94

(s95)
(396}
(597)
(s98)
(599)

(s101)

(s102)
(5103)

(s104)

(s105)
(s106)
(5107)
(s108)

(s108)

Seelmann-Eggebert, W., and H. J. Born, Naturwissenschaften 31,
59 (1943). - -

Starke, K., Naturwissenschaften 30, 577 (1942).

Sherr, R., Phys. Rev. 57, 937 (1940).

Sagane, R., S. Kojima, G. Miyamoto and M. Ikawa, Phys. Rev.
57, 1179 (1940).

Seelmann-Egpebert, W., Naturwissensohat‘ten 31, 491 §1943).

Seelmann-Eggebert, W., Naturwissenschaften T 510 (1943)

Sjegbahn, K., Nature 163, 221 (1944); Arkiv’iht.. Astron.
Fysik 304, No. 28 (1544).

Sizoo, 6. J., and L. F.'G. Friele, FPhysica 10, 57 (1943).

Seren, L., D. Engelkemeier, W. Sturm, H. N. Friedlander and S.
Turkel, Phys. Rev. 71, 409 (1947).

Sax&en, L., H. N, Friedlander and S. Turkel, Phys. Rev. 72 163
1947).

Siegbahn, K., Proo. Roy. Soa(London) 1894, 527 (1947).

Siegbahn, K., and H: 81&tis, Nature 159, 471 (1947); Arkiv
Mat., Astron. Fysik 344, No. 15 (1947).

Seaborg, 6. T., J. W. Gofman end R. W. Stoughton, Phys. Rev. 71,
378 (1947).

Stout, J. W., and W. M. Jones, Phys. Rev. 71, 582 (1947).

Siegbahn, K., and M. Deutsch, Phys. Rev. 73, 410 (1948).

Solomon, A. K., and L. E. Glendenin, Phys: Rev. 73, 415 (1948).

Skaggs, L. S., J. 8. laughlin, A. O. fanson and J. J. Orlin, -
Phys. Rav. 73, 420 (1948).

Snell, A. H. ,'3. S. Levinger, E. P. Meiners, M. B. Sampson and
R. G. Wilkinson, Phys. Rev. 72, 545 (1947).

Sampson, M. B., and W. Bleakney, Phys. Rev. 50, 456 (1936).

Smythe, W. R., and A, Hermendinger, Phys. RevVe 51, 178 (1937).

Sempson, M. B., and W. Bleakney, Phys. Rev. 50, 732 (1936).

Saha, A. K., Proc. Nat. Inst. Sei. India 12, No. 3, 159 (1946).

Siegbahn, K., Arkiv Mat., Astron. Fysik 578, Mo. 4 (1047),

Siegbahn, K., Arkiv Mat., Astron. Fysik 33R, Fo. 10 (1946).

Siegbahn, K., Arkiv Mat., Astron. Fysik 34A, No. 7 (1947).

Sugarman, N., J. Chem. Phys. 15, 544 (1937).

Se?en, ;‘ , H. N. Friedlander and S. Turkel, Phys. Rev. 71 454
1947

Sargent, B. W.,Can, J. Research (A)l'l, 103 (1939).

Sargent, B. W., Can. J. Research (AT17 82 (1939); Phys. Rev.
54, 232 (1938).

Sargent, B. W., Proc. Roy. Soc.{London) 4139, 659 (1939).
Summarizes the results of various invnstivators.

Schintlmeister, J., Siteber. Akad. Wiss, Wien, Abt. Ila, 146 ,
371 (1937).

Strassmann, F., and E. Walling, Beri 71B, 1 (1958).

Sizoo, G. J., and S. A. Wytzes, Physica &, 791 (1937).

Schmidt, 6. C., Verh. Phys. Ges., Berlin 17, (Feb. 14,° 1898) and
Ylede?aun, Amn. der Phys. und Chem. 64, 720 (1898); 65, 141>
1898

Schintlmeister, J., and K. Lintmner, Sitzber. Akad. Wiss. Wien,
Abt. IIa, 148, 279 (1939).

Seaborg, G. T., E. M. McMillan, J. W. Kennedy and A. C. Wahl,
Phys. Rev. 69, 366 (1946).

Seaborg, G. Tr A. C. Vahl and J. W, Kennedy, Phys. Rev. 69,
367 (1946).

Sommers, H. S.,Jr., and R. Sherr, Phys. Rev. 69, 21 51946).

Siegbahn, K., Arkiv Mat., Astron. Fysik 30A, Fo. 28 (1944),

Sierbehn, K., and E. Bohr, Arkiv Mat., Astron. Fysik 30B, No. 3
(1944).

Sullivan, W, H, Phys.. Rev. 68, 277 (1945).

Sulliven, W. H, private ccmunication(lhy 14, 1946).

Schwarz, W. M., and M. L. Pool, Phys. Rev. 70, 102 (1946).

Swartout, J. A., G. E. Boyd, A. E. Cameron, C. P. Keim and
C. E. Larson, Phys. Rev. 70, 232 (1946).

Siepbahn, K., Phys. Rev. 70, 127 (1946).

Siegbahn, K., and N. Hole, Phys. Rev. 70, 133 (1946).

Sullivan, W. H, N. R. Sleight and E. W, Gladrow, Phys. Rbv. 'IO,
778 (1946).

Schwarz, W. M., and M. L. Pool, Phys. Rev. 71, 122 (1947).

S18tis, H., Arkiv Mat., Astron. Fysik 32A, Wo. 16 (1945).

Siegbahn, K., and M. Deutsch, Phys. Rev. 71 483 (1947).

S1#tis, H., Arkiv Mat., Astron. Fysik 334, No. 17 (1947).

Siegbahn, K., Arkiv Mat., Astron. Fysik 34B, No. 6 (1947).

Stephens, W. E., and M. N. Lewis, Phys. Rev. 72, 526 (1947).

Siegbahn, K., and S. E. Petersson, Arkiv Mat ., 4 Astron. Fysik.
32B, No. 5 (1946).

Sie(gbahr)), K., and H. S18tis, Arkiv Mat., Astron. Fysik 32A, No. 9
1945

Siegbahn, K., and A. Johansson, Arkiv Mat., Astron. Fysik 344,
No. 10 (1947). -

Snell, A. H., M. B, Sempson and J. S. Levinger, reported in
Plutonium Prajsct Reports CP-1168 (Deo. 1943) and CP-1176
- (Dec. 1943).

Seren, L., W. Moyer, W. Sturm and G. Miller, reported in
Plutonium Project Report CP-1016 (Oct. 1943).

Seren, L., H. N, Friedlander and S. H. Turkel, reported in
Plutonium Project Report CP-1729 (hhy 1944 ),

Seren, L., H. N. Friedlander and S. H, Turkel, reported in
Plutonium Project Reports CP-1592 (May 1944) and CP-2376
(Dec. 1944).

Snell, A. H., and group, reported in Plutonium Projeot Report
.CP-267 (Sept. 1942).

Steinberg, E. P., and D. W. Engolkemeier, reported in Plutonium
Project Report CN-2126, p. 3 (Sept. 1944).

Seren, L., H. N. Friedlander and S. H. Turkel, reported in
Plutonium Project Report CP-1965 (July 19445

Sugarman, N., M. F. Ravely, L. E. Glendenin,and H. Finkelstein,
reported in Plutonium Projeot Report CC-798, p. 17(July 1943).

Snell, A. H., and co-workers, reported in Plutonium Projeot
Report CP-1011, p. 4 (Oct. 1943).




Table of the Isotopes
References Page 67

-(§127) Seren, L., W. Sturm and W. Moyer, reported in Plutonium Project

(8110) Sugsrman, N., L. B. Glendenin, T. B. Novey, E. L. Brady, W. H.
Burgus and D. W. Engelkemeier, reported in Plutonium Project
Report CC-465B, pp. 14-18 (Feb. 1943).

(S111) Sugarman, N., B. Finkle, E. Hoagland and S. Katooff, reported in
Plutonium Project Report CK-1806 (June 1944).

(8112) Steinberg, E. P., reported in Plutonium Project Report CN-2126,
p. 2 (Sept. 1944). . -

(8118) Sullivan, W, H, N. R. Sleight and E. M. Gladrow, Plutonium Projeot
Report CC-1493 (Mar. 1944).

(8114) Seiler, J., reported in Plutonium Project Report CN-1811, p. 2,
(July 1944).

58115% Seren, L., privats communication.

8116) Steinberg, E. P., reported in Plutonium Projeot Report €C-1881,
p. 28 (Feb, 1944).

(S117) Seren, L., D. W. Engelkemeier and W. Sturm, Plutonium Project
Report CP-1903 (Aug. 194¢).

(8118) Seren, L., H. N, Friedlander and S. H, Turkel, Plutonium Project

) Report CP-2161 (Sept. 1944).

(8119) Seren, L., reported in Plutonium Projeot Report CP-964
(Sept. 1943).

(8120) Seiler, J., reported in Plutonium Project Report CN-2128, p. 3
Sept. 1944).

(8121) Sleight, N. R,, and W. H.Sullivan, reported in Plutonium
Project Report CC=725, p. 6 (June 1943).

(s122) Sleight, N, R., W. H Bullivan and E, M. Gladrow, reported in
Plutonium Project Report CC-1244, p. 7 {(Jan, 1944).

(8123) Sullivan, W. H, O. Johneon and R. Nottorf, reported in Plutonium
Project Report CC-465C, pp. 4-8 (Feb. 1943),

(S124) Snell, A. H., private communication.

(5126) Seren, L., W. Sturm and W, Moyer, reported in Flutonium Project
Repart CP-12565 (Feb. 1944).

(8126) Seren, L., H. N, Friedlander and S. H. Turkel, reported in
Plutonium Project Report CP-208l (Sept. 1944).

Report CP-1175 (Dec. 1943).

(s128) Seaborg, G: T., J. W. Gofman and R. W. Stoughton, Flutonium
Projeot Report CN-126 (June 1942).

(5129) Stoughton, R. W., reported in Plutonium Project Report
€C-595 (Apr. 1943). )

(5130) Schulze, P. A., F. L. Steahly and R..W. Stoughton, reported
in Plutonium Project Report CC-1111 (Mar. 1944).

(s131) Seaborg, ¢. T., A. C. Wahl and J. W, Kennedy, Plutonium Project
Report A-136 (Mar, 1942).

(8133; Sleight, N. R., Plutonium Projeot Report CC-1776 (July 1944). °

(5134) Seeborg, G. T., and M. L. Perlman, Plutonium Projeot Report
A-146 (Apr. 1942).

(5135) Sugarman, N., and co-workers, Plutonium Project Report
MUC-NS-244.

(5136) Segr®, E., and C. §. Wu, private communicetion. -

(5137) Sugaimen, N., and co-workers, Plutonium Project Report MUC-NS-230.

(5138) Sugarman, N., snd co-workers, reported in Plutonium Project
Report CS-2229, pp. 19, 20 (Jot. 1944).

(8139) Sugarman, N., and co-workers, private communication.

(8141) Sugarmen, N., end oco-workers, reported in Plutonium Project
Report CC-2310{Jan. 1945).

(s142) Seaborg, G. T., R. A. James and A. Ghiorso, "The New Element
Curium (Atomic Number 96)", NNES-PPR Vol. 14B, Paper No. 22.2
(April 1948)(to be issued); Plutonium Project Report
CC-3867 (April 1948).

(S144) Seaborg, G. T., R. A, James and L. O. Morgan, "The New Element
Americium (Atomio Number 95)", RNES-PPR Vol. 14B, Paper No.
22,1 (June 1948)(to be issued); Plutonium Project Report
€C-3877 (June 1948).

(S145) Seaborg, G. T., and T. P. Kohman, "Isotopes of Plutonium and their
Badiomctive Properties”, NNES-PFR Vol. 14A, Chapter II
(July 1947)}(to be issued).

(8146) Studier, M. H., and E. K. Hyde, "A New Radioactive Series -
The Protactinium Series", NNBS«PPR Vol. 17B, No. 9.2(0Oot.1946)
(to be issued); Plutonium Project Report CC-3662 (Oot. 1946).

(S147) Studier, M. H., reported in Plutonium Projeot Report CC-3056
(July 1945).

(8149) Siegel, J. M., and L, E. Glendenin, "Zn and Ga Activities in
Uranium Fission", NEBS-PPR Vol. 9B, Paper Fo. 7.1{June 1945)
(to be issued); Plutonium Project Report CC-2835(June 1945).

(s150) Siegel, J. M., L. E. Glendemin,and J. A, Marinsky, reported in
Plutonium Projeot Report CH-2596, p. 10 (Mar. 1945).

(S151) Steinberg, E. P., L. Winsberg,and D. W. Engsliemeier, reported in
Plutonium Project Report CC-2379, p. 5 (Nov. 1944).

(8152) Steinberg, E. P., and D. W. Fngelkemeier, reported in Plutonium
Projeot Report CC~2310, p. 31 (Jan. 1945).

(S153) Seren, L., HadN. Friedlander and S. H. Turkel, Plutonium Projeot
Report CP-2376 (Nov. 1944).

(81564) Schumsn, R. P., Plutonium Project Report €C-3434 (Feb. 1946).

(S165) Seiler, J., reported in Plutonium Project Report CC-2379, p. 3
(Nov. 1944).

(8166) Seiler, J., reported in Plutonium Project Beport ¢C-2310, p. 110
(Jan. 1945).

(8157) Sohuman, R. P., reported in Plutonium Project Report CK-2929,
ps 6 (Apr. 1945).

(S158) Seiler, J., L. Winaberg and D. W. Engelkemeier, reported in
Plutonium Projeot Report CC-2485, p. 2 (Deo. 1944).

(8559) Seiler, J., and L. Winsberg, reported in Plutonlim Project
Report CC-2310, p. 213 (Jan. 1945).

(8160) Seiler, J., reported in Plutonium Project Report CN-2929, p. 5

: (Apr. 1945).

(8161) Swartout, J. A., private communication (June 17, 1946).

(S162) Steinberg, B. P., reported in Plutonium Project Report CC-2510,

: p. 98 (Jan. 1945).

(8164) Seiler, J., reportsd in Plutonium Projeot Report CC-2310, p. 145
(Jen. 1946).

(8166) Stanley, C. W., and L, E. Glendenin. Plutonium Project Report
¥on N-63 (Mar. 1946). :

(5166) Sohuman, R. P., reported in Plutonium Project Report CN-2799,
pe 4 (Mar. 1945). .

(5167) Seiler, J., and L. Winsberg, reported in PlutoniumeProject Report
€C-2310, p. 227 (Jan. 1945).

(s168) Stu%gr, M. H., "The Radiation Spectrum of the Tramsition
U0 ey m529', NNES-FPR Vol. 17B, Paper No. 1.3 (Mar. 1847)
(to be issued); Plutonium Projeot Report CB-3793 (Mar. 1947).

(8169) Studier, M. H., ™A Simple Elsotronio Device for the Msasurement
of Short Half-Lives: The Half-Life of Bmc18", NNES-FPR Vol.
178, Paper No. 9.17 (Mar. 1947)(to be issued); Plutonium
Projeot Report CC=3790 (Mar. 1947).

(S170) Sullivan, W. H, T. P. Eohman and J¢ A. Swartout, Plutonium
Project Report HEW-3-1635 (Feb. 1945), .

(S171) Selikson, B., and J. M. Siegel, private communicetion from Levy
(0ot §94651 NNES-FPR Vol. 9B, Paper No. 7.13.2(1946)(to be
lesued).

(S173) Sullivan, W. H, and H, E. Wyatt, reported in Plutonium Projsct
Report Mon N-243, p. 3 (Jan. 1947),

(S174) Swartout, J. A., reported in Plutonium Projeot Report Mon N-243,
pe ¢ {(Jan. 1947). :

(S175) Sugarman, N., Plutonium Projeot Report CP-3622 (Sept. 1946).

(8176) Sampson, M. B., and A. He 8nell, reportsd in Plutonium Project
Report CP-1954, p. 18 (Aug. 1944). )

(8177) Suganm)n, N., and J. B, Arpold, private communicetion (April 21,
1947),

(8178) Soott, B. F., "Gamm Bay Enission by U2SO", NNES-PPR Vol. 175,
Paper No. 9.14 (Nov. 19463(% be issued); Plutonium Project
Report CC-3715 (Nov. 1946). .

(S179) Studier, M. H., Plutonium Project Report CP-3642 (Sept. 1946).

(5180) Spatz, W., N. Goldstein, C. Huddleston and E. Goldfarb,
reported in Plutonium Projest Report CP-3750, p. 27 (Jan.1947).

(5181) Seiler, J. A., reported in Plutonium Project Report ANL-4000,
p. 119 (1%47). '

(s182) Saxon, D., Peported in Plutonium Project Report ANL~4097, p. 11
(Feb. 1948). 193 - -

(5183) Saxon, D., "The Beta Spectrum of Os 93n, AECD 1860 (Apr. 1948).

(s184) Steinberg, E. P., J. A. Seiler, A. Goldstein and A. Dudley,

"Figsion Yields in Uranium-233", AECD 1632 (Jan. 1948).
(5200) Solomon, A. K., R. G. Gould and €. B, Anfensen, Phys. Rev. 72,
1097 (1947). -
(5201) Saxon, D., Phys. Rev. 73, 811 (1348).
(8202) Sherr, R., H. R. Muether and M. G. White, Bull. Am. Phys. Soc.
23, No. 3, 45 (1948).
(s203) S1¥tis, H., Nature 160, 579 (1947); Arkiv Mat., Astron. Fysik
354, No. 3 (1948). i
(s204) Suess, H. E., Phys. Rev. 73, 1209 (1948).
(8205) Sugarman, N., "Amendments to Paper on Short-Lived Halogen
Fission Produots™, AECD 1873 (Apr. 1948). :
(S206) Scherb, M. V., and C. E. Mandeville, Phys. Rev. 73, 1401 (1948).
(8207) Saxon, D., Bull. Am. Phys. Soo. 23, No. 4, 18 (1538).

('ng Thornton, R. L., Phys. Bev. 51, 893 51'937).

(T2) Thornton, R. L., Pnys. Rev. B3, 326 (1938).

(73) Thornton, R. L., Phys. Rev. 49, 207 (1936).

(74) Tape, G.-F., and J. M. Cork, Fhys. Rev. 53, 676 (1938).

(75) Thornton, R. L., and J. M. Cork, Phys. Rev. 51, 383 (1937).

(76) Tyler, A. W., Phys. Rev. 56, 125 (1839),

(T7) Tape, G. F., Phys. Rev. 56, 965 (1939).

(T8) Townsend, A. A., Proc. Roy. Soc.(London) A177, 357 (1941).

(T11) Townsend, A. A., Proc. Roy. Soc.(London) X175, 848 (1540).

(120) Tate, J. T., and P. T. Smith, Physl Rev. 43, 672 (1933).

(’130; Thompson, F. C., and S, Rowlands, Nature 152, 103 (1945),

Thomson, Phil. Meg. (6) 10, 684 (1905). ~—

%TSZ) Taien San-Tsieng and C. E;rty, Compt. rend. 221, 177.(1945).

T33) Tslen San-Tsiang,aPhys. Rev. 69, 38 (1946), —

(T34) Teien San-Tsiang, M. Bachelet and G. Bowisaiores, Pnys. Bov.
69, 39 (1946).

(735) Trumpy, B., and J. J. Orlin, Bergens Museums Rrbok, Naturv.
Rekke Nr. 7 (1945)

(136) Templeton, D. H., J. J. Howland end I. Perlman, Phys. Rev. 72,
758 (1947).

(137) Tendam, D. J., and H, B. Bradt, Phys. Rev. 72, 527 (1947).

(T38) Templeton, D. H., d3dJ. Howland and I, Periman, Phys. Rev.

. 72, 766 (1947).

(T39) Tendam, D. J., and H. L. Bradt, Phys. Rev. 72, 1118 (1947).

(’I'40; Templeton, D. H., and I. Perlman, Phys. Rev. 73, 1211 {1948).

(T41) Thornton, R. L., and R. W. Senseman, Phys. Rev. 72, 872 (1947).

(742) Towneend, J., G. B. Owen, M. Clelend and A. L. Hughes, Phys. Rev.
94, 99 (1948). :

(usg Thode, H. G., and R. L, Graham, Can. J. Research 25, 1 (1947).

(744) Taien San-Teimng, Compt. rend 216, 765 (1943). ~—

(T101) Thode, H. G., and 8. R. Smith, Wational Researoh Counoil of
Canada, Atomio Energy Project, Report MC-57(revised){May 1944).

(r102) Thode, H. G., and R. L. Graham, National Research Council of
Canada, Atomio Energy Projeot, Report MX-129(Apr. 1945).

(T108) Turkevich, A., and co-workers, Plutonium Projeoct Report
MUC-NS-280. :

(T104) Thods, H. G., and R. L, Graoham, Mational Research Council of
Canade, Atomio Energy Project, BEeport MX-128(Apr. 1945).

(T106) Turkevich, A., E. P. Steinberg and N, Sugarman, reported in
Plutonium Project Report CC~2485, p. S (Dec. 1944).

(T107) Tobias, C. A., and C. Levinthal, private communication(Jan. 1947).

(T108) Thompson, R. C., and D. R. Miller, private communication
(Jan. 1947). '

(T109) Templeton, Ds H., R. H. Goeokermann, J. J. Howland and I. Perlmen,
unpublished data (Jan. 1947). ;

(T110) Thode, H. G.,reported in National Research Council of Cenaas,

Atomio Energy Projecty Report CR-PRG-57(Nov. 1946).Conmunication

from W. H Sullivan (Feb. 1947),




- Table of the Isotopes
Refersnces

Page 58

(T111) Templeton, D. H., J. J. Howlend and I. Perlman, Univ, of Calif.
 Radiation Labormtory Report BC=45 (Mar. 1947).

(7112) Templeton, D. H., J. J. Howland and I. Perlman, Univ. of Calif.
Radiation Laboratory Report BC-47 (Apr. 1947).

(T113) Turkevich, A., Plutonium Project Report ANL-4010, p. 59 (July 1947){

(T114) Thompson, 8. G., and B. B. Cunningham, unpublished data (Apr. 1948),
(T115) Temploton, D. H., A. Ghiorso and I. Perlman, unpublished data
{June 1948).

(V1) Van Voorhis, S. N., Phys. Rev. 49, 889 (1936).

(V2) Van Voorhis, S. N., Phya. Rev. 50, 895 (1936).

(VS; Valley, G. E., and R. L. MoCreary, Phys. Rev. 55, 666 (1939).

(V%) Van Voorhis, S. N., private comunication.

(V5) Viktorin, 0., Proc. Cambitdge Phil. Soc. 34, 612 (1938).

(v6) Valley, 5. E., Phys. Bev. 53, 686 (1341).

(V7) Valley, G. E., end R. L. ¥oCreary, Phys. Rev. 58, 863 (1939).

(Ve) Valley, G. E,, Fhys. Rev. 60, 167 (1941).

(v20) Vau%hn 1;. L., J. H, Williams and J. T. Tate, Phys. Rev. 46, 327
1934).

(v21) valley, G. E., Phys. Rev. 59, 836 (1941),

(vzag Valley,.G. E., Phys. Rev. 57, 1058 (1940).

(ves Vol%ﬁ, AS F., and B. J. Thamer, Bull. Am. Phys. Soc. 23, No. 4, 16
1948).

{¥101) Van Winkle, Q., R. G. larson and L. I. Xatzin, "The Half-life of
Protactinium(Pa231)", WNES-PPR Vol. 17B, Paper No. 6.6 (Jan.
1948;(1;0 be issued); Plutonium Projeot Report ANL-4095 (Jen.
1948

(V110) Voigt, A. F., private communication (Jan. 2, 1945).

(W}) Walke, H., Phys. Rev. 52, 663 (1987).

(W2) Welles, S. B., Fhys. Rev. 59, 679 (1941).

(W3) Walke, H., Phys. Rev. 52, 300 (1937).

(vu; Walke, H., Phys. Rev. 52, 777 (1937).

(W5) Walke, H., E. J. Williams end G. R. Evans, Proc. Roy. Soc.(London)
A171, 360 (1939).

(W6) Walke, H., Phys. Rev. 52, 669 (1937).

(w?) White, M. G., L. A. Delsasso, J. G. Fox and E. C. Creutz, Phys.
‘Rev. 56, 512 (1939).

(W8) Walke, H., privete communication.

(W9) Weil, G. L., and W. H. Barkms, Phys. Rev. 56, 485 (1939).

(W10) walke, H., Phys. Rev. 57, 163 (1940).

(W11) ¥hite, M. G., E. C. Creutz, L. A. Delsasso and R. R. Wilgon,
Pays. Rev. 59, 63 (1941).

(W12) Walke, H., F. '5— Thompson and J. Holt, Phys. Rev. 57, 177 (1940).

(W13) Walke, H., F. C. Thompson and J. Holt, Phys. Rev. 5%, 171 (1540).

(W14) Ward, A. G., Proc. Cambridge PFuil. Sac. 35, 523 (1939).

(W15) Watase, Y., Z. Itoh and E. Tekeda, Proc. Phys.-Math. Soc. Japan
22, 90 (1940).

(wie) stzse, ‘){., and Z. Itoh, Proc. Phys.-Math. Soc. Japan 21, 626
1939).

(W17) Watase, Y., Proc. Phys.-Math. Soc. Japan 23, 618 (1941).

(W18) Weimer, P. K., J. D. Kurbatov and M. L. Fool, Phys. Rev. 60,
469 (1941). -

(W19) Weil, G. L., Phys. Rev. 62, 229 21942g.

(W20) Weil, G. L., Phys. Rev. so. 187 (1941

(W21) Wu, C. S,, Phys. Rev. 58, 926 (1940).

(w22} Weimer, K. E., M. L. Pool end J. D. Kurbatov, fhys. Rev. 63,

59 (1943).
(w23) Weimer. K. E., M. L. Pool and J. D. Kurbatov, Phys. Rev. 63,
67 (1983).

(W24) Watson, W, W., and E. Pollard, Phys. Rev. 57, 1082 (1940).

(W25) Wu, C. S., and E. 8egré, Phys. Revi> 61, 203 (1&42)

(W26) Wu, C. S., and G. Friedlander, Phys. Rev. 60, 747 {1941).

(W27) Waldman, B., and G. B. Collins, Phys. Rev."Ev, 338 (1940).

(W28) Weimer, K. E., M. L. Pool and J. D. Kurbatov, Phys. Rev.
64, 43 (1943).

(W29) Witcher, C. M., Phys. Rev. 60, 32 (1941).

(W30) Wiedenbeck, M. L., Phys. Rev. 66, 36 (1944).

(W31) Waldman, B., and M. L. Wiedenbeck, Fhys. Rev. 63, 60 (1943).

(WS2) Wiedenbeck, M. L., Phys. Rev. 67, 59 (1945).

(W40) Wilkins, T. R., and A. J. Dempster. Phys. Rev. 54, s (1938)

(W42) Wahl, W., Finska Kemistsamfundets Medd. 50, 10 (1941).

(W43) Wahl, W., Naturwissenscheften 29, 536 (1941).

(W44) Wahl, W., Susmen Kemistiseuran Tiedonantoja 51, 64 (1942).

(W50) Ward, A. G., Proc. Roy. Soo.(London) Al81, 183 (1942).

(W51) Winand, L., J. phys. radium 8, 429 (1987). Value recalculated to
correspond to half 1life of 8.3 x 10% yr for Ilo.

(W52) Wilkins, T. R., and D. P. Crawford, Phys. Rev. 54, 516 (1938).
Value recalculated according to reference (HBI).

(W53) Ward, A. G., Proc. Cambridge Phil. Soo. 35, 322 (1939).

(W54) Weimer, P, K., J. Ds Eurbatov and M. L. Fool, Phys. Rev. 66,
209 (1944). -

(W55) Wheeler, J. A., Phys. Rev. 59, 27 (1941).

* (W123) Winsberg, L., "Presence of the 25m Sm

(W56) Wiedenbeok, M. L., Phys. Rev. sa. 1 (1945).

(W57) Wiedenbeck, M, L. Phys. Rev. 68, 257 (1945),

(W58) Wiedsnbeck, M. L., Phys. Rev, "67, 267 (1945).

(W59) Wu, C. S., and E. Segrd, Phys. Rev. 67, 142 (19459.

(W60) Watts, R. J., and D. Williams, Phys.'n'ev. 70, 640 (1946).

(W61) Wheeler, J. A., Phys. Rev. 59, 27 (1941).

(W62) Wiedenbeck, M. L., Phys. Rev. 70, 435 (1946).

(W63) Wilkinson, G., private communication (Apr. 1947).

(We4) Wattenberg, A., Phys. Rev. 71, 497 (1947).

(W65) Wiedenbeck, ¥. L., Phys. Rev. 72, 429 (1947).

(W66 ) Wilkineon, G., Nature 160, 864 (1947).

(W67) Wilkinson, G., Phys. Rev. 73, 252 (1948),

(wseg WieBlenbeok, M. L., and K. Yo Chu, Phys. Rev. 72, 1164 (1947).

(We9) Wiedenbeck, M. L., end K. Y. Chu, Phys. Rev. 72 1171 (1947).

(W70) Wu, C. S., W. W. Havens,Jr., and L. J. Rainwa‘ber, Bull. Am.. Phys.
Soc. 23, No. 3, 56 (1948)

(W71) Wilkingon, R. G., and C. L. Peacock, Bull. Am. Phys. Soo. 23,
¥o. 3, 57 (19485

(W72) Wahl, A. C., and G. T. Seaborg, Phys. Rev. 73, 940 (1948).

(W73) Woodward, L. L., D. A. MoCown, M. L. Pool and H. L. Finston,
Bull, Am. Phys. Soc. 23, No. 4, 16 (1948)

(W74) Weissbluth, M., T. M. tham and E. Segré, private communication
(July 1948).

(W101) Wilkinson, R., and J. Levinger, reported in Plutonium Project
Report CP-641 (May 1943).

(W102) Wilkinson, R., W. Rall and E. Meiners, reported in Plutonium
Project Report CP-2090 (Sept. 1944),

(W103) Wilkinson, R., and W. Rall, reported’ in Plutonium Project
Report CP-1811 (June 1944).

(W104g Winsberg, L., Plutonium Project Report CC-2000 (Aug. 1944).

(W105) Winsberg, L., reported in Plutonium Project Report CC-1331,
p. 26 (Feb. 1944).

(w106) Winsberg, L., reported in Plutonium Froject Report CN-2126, p.
4 (Sept. 1944).

(w107) Wahl, A. C., and G. T. Seaborg, Plutonium Project Report 'CE-45
(Apr. 1942},

(W108) Wahl, A. C., and G. T. Seaborg, Plutonium Project Report CN-266
(Sept. 1942).

(W108) Wy, C. S., and E. Ssgre, Plutonium PrOJect Report N-1680.

(W110) Westrum, E. F.,Jr.; J. C. Hindman and R. Greenlee, NNES-PPR
Vol. 14B, Paper No. 2.1 (1546).

(W111) Wattenberg, A., reported in Plutonium Projeot Report CP-2638
(Dec. 1944).

(W112) Wilkinson, R., and W, Rall, Plutonium Project Report CP-2590

(¥ar. 1945).

(Wlls) Winsberg, L., J. Seiler, E. P. Steinberg, R. P. Metecalf, D. W.
Engelkemeier and N. Sugarman, reported in Plutonium Project
Report CC-2579(Nov. 1944).

(W114g Winsberg, L., Plutonium Project Report CC-2310, p. 231(Jan.1945).

(wns Wmsberg. L., reported in Plutonium Project Report CN-2799
(Mar. 1945).

(W116) Winsberg, L., Plutonium Project Report CC-2966 (Apr. 1945).

(W117) Winsberg, L., Plutonium Project Report CC-2485 (Dec, 1944).

(w118) Williams, D., end P. Yustey, Plutonium Project Report LA-203
(Jan. 1945). 185

(W119) Winsberg, L., "Study of the 2 y Eu in Fission™, ENES-PPR Vol.
9B, Paper No. 7.56.3 (1946)(to be, issued).

(W121) White, J. R., and A. E. Cameron, "The Natural Abundance of
Isotopes of Stable Elements™, AECD 1195 (suz. 1947).

(W122) Williems, D., and P. Yuster, Plutonium Project Report LAMS-295
(Oct. 1945). (%)

in Fission™, NNES-PPR

Vol. 9B, Peper No. 7.55.2 (1946)(to be issued).

(W124) Wattenberg, A., reported in Plutonium Project Report ANL-4076,
p. 36 (Sept. 1947).

(W125) Wilkinson, G., and H, Hioks, unpublished data (Mar. 1948).

(Y1) Yost, D. M., L. N. Ridenour and K. Shinohara, J. Chem. Phys. 3,
133 (1935).

(Y2) Yaseki, T., and S. Wetanabe, Nature 141, 787 (1938).

(Y3) Yalow, R. S., and Y. Goldhaber, Phys. Hev. 66, 36 (1944).

(Y4) Yamasaki, H., and K. Sinma, Sci. Papers Inst, Fhys. Chem.
Research (Tokyo) 37, 10 (1940).

(YS; Yuasa, T., Compt. rend 215, 41 (1942).

(Y6) Yalow, R. S., and M. Go_'Eaber, Phys. Rev. 67, 59 (1945).

(x7) Yu,( !“u—ch‘m, D. Gideon and J. D. Kurbatov, Fnys. Rev. 71, 382
1947).

(Y8) Yaffe, L., and C. %. Yackintosh, Can. J. Research 25, 371 (1947).

(Y9) Tu, Fu~Chun and J. D. Furbatov, Phys. Rev. 74, 34 TT945).

(21) Zlotowski, I., and J. H. Williams, Phys. Rev. 62, 29 (1942).

(22) Zumstein, R. V., J. D. Kurbatov end M. L. Pool, Phys. Rev. 63,
69 (1943).

(za; Zingg, E., Belv. Phys. Acta 13, 219 (1940).

(24) 28nti, W., and E. Bleuler, Helv. Phys. Acta 18, 263 (1945).

(25) Zafferano, D. J., B. D, Kern and A. C. G. MiTchell, Phys. Rev.
74, 106 (1948).

(z10) Zinm, W. H., A. Wattenberg and J. West, reported in Plutonium
Project Report CP=781, p. & (July 1943).

-





