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Alder et cl., and those of Liebson, using the distances
shown in the latter's curves. However, these distances
correspond to distances between the ends of the cathodes.
Since the discharge in each counter is not limited to the
cathode length, but extends along the anodes beyond the
cathodes, these distances do not represent the absolute
distance between the eRective counters. Rough measure-
ments on the spread of the discharge along the wire
beyond the cathode indicated that the eRective absolute
distances would be decreased by about 1 cm. The difhculty
of accurately defining this distance and its comparative
irrelevance in determining the slopes of the probability
curves was responsible for omitting the absolute distances
from the data.

On the other hand, the measurements of Alder et al. are
not suitable for comparison with results using organic
vapors and inert gas. Their mixtures consisted of 1.5 cm
Hg of argon plus 6.5 cm Hg of air and small admixtures of
alcohol. The large amount of air contamination renders
the extrapolation of their measurements to alcohol-argon
counters questionable. Furthermore, no allowance was
made for the fact that the addition of alcohol vapor to the
argon-air counters may have reduced the number of
photons produced. This would eRectively produce a
decrease in the number of quanta propagated across the
11-cm gap, acting as though an increase in absorption
had taken place.

' D. R. Corson and R. R. Wilson, Rev. Sci. Inst. 19, 207 (1948).
'Alder. Baldinger, Huber, and Netzger, Helv. Phys. Acta 20, 73

(1947).
~ S. H. I iebson, Phys. Rev. f2, 602 (1947).
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E have produced and identified tmo new series of
alpha-particie emitting radioactive elements; one

is a "collateral" branch of the actinium (4m+3} radioactive
family and the other is collateral to the thorium (4n)
family. The series are of considerable interest in that they
are the first whose early members lie on the neutron
deficient side of beta-stability. They have been produced
in high yield by irradiation of thorium with deuterons of
energy about 80 Mev in the Berkeley 184-inch cyclotron.
So far as the present observations are concerned, both of
these series begin with isotopes of protactinium (atomic
number 91), although progenitors with higher atomic
numbers are to be expected and mill possibly be produced
and identified. These protactinium isotopes are Pa~~ and
Pa"s formed by d, 'je and d,6e reactions, respectively.

After bombardments of the order of one-half to four-hour
duration, the metallic thorium was dissolved and the
element protactinium was isolated in essentially weightless
fractions. The decay of the alpha-particles from these was
measured both through the use of standard alpha-particle
counting devices and also with the help of an alpha-particle

TABLE I.

Isotope

s&pa»
ssAc~
11Fr»9
ggAt»~
II»»&(Acc)
Ij,Tl+~ (Acc")
sspb

gapa»
syAc~
ggFrRN
IsAt«
sa»»

»Ti~~(Thc-)
&P~(ThC')
Ilpbsse

Type of
radiation

a
a
a
a
a(99.7%)
P (o3%)
stable

a(34%)
tt (66%)
P

stable

Half-life

38 min.
~2 min.
10-4 sec.

~10 4 sec.
2.16 min.
4.76 min.

22 hr.
~2.5 hr.
30 sec.

~10 I sec.
60.5 min.

3.1 mlX1.
3X10 ~ sec.

Energy of
radiation

(Mev)

6.46
6.64
V.30
8.00
6.62
1.4V

6.09
6.17
6.69
7.79
6.05
2.20
1.82
8.V8

pulse analyzer' equipped with a fast sample-changing
mechanism. Through the use of the latter, a number of
alpha-particle groups mere observed and their energies
determined.

Prominent soon after bombardment are a number of
alpha-particle groups, which decay with the 38-minute
half-life of the protactinium parent. These are due to the
following collatera1 branch of the 4m+3 radioactive family:

9/pa~~ - s9Ac~s - s&Frmi - s9At"s
a P

938i'ii(AcC) = siTP4'(AcC") = sspb'o~(stable).

The branch which arises from orbital electron capture by
Pa~' is not shown. The mass type was identified by
observation of the characteristic energy and half-life of
the Bi'"(AcC} alpha-particles, the half-life of the beta-
particle emitting TP (AcC"), and the growth of 18.9-day
Th~~{RdAc} as an orbital-electron-capture branching
decay product of the Pa~~ (ratio IC/a =~.2}.The energy
obtained for these At"' alpha-particles is several hundred
kilovolts less than that reported' for At"s as formed by
the beta-particle branching decay of Po'"(AcA).

Identification of members of the series was aided by a.
simple method of recoil collection. Recoil atoms were
collected from a plate mhich contained the entire series in
equilibrium and measurements using the plate upon which
these were collected established the half-life and the energy
of the Ac~' alpha-particles. In a "second-order" recoil
experiment recoils were co11ected from the plate containing
Ac99' (and daughters) in order to check the half-life of the
alpha-particles attributed to Bi'"(AcC} and similarly a
third-order recoil experiment was eRected in order to
isolate the beta-particle emitter and prove that it decayed
with the known half-life of TPo7(AcC"). The very short
half-lives of the Fr'~ and At"9 were estimated, and their
energies identified through crude coincidence experiments
using the pulse analyzer apparatus to operate the driven
sweep of a cathode-ray osciOograph. The measured half-

lives and energies for the members of this series are
summarized in Table I.

After the decay of the above-described series, a second

group of alpha-particle emitters can be resolved. This
second series, which decays with the 22-hour half-Hfe of
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its protactinium parent, is a collateral branch of the 4e
radioactive family as follows:

siPa~s - ssAd~' - sv«~o - ssht"s—

/ s Tl'"(Thc") P

ssBi"'{ThC) p-% ssPb"'{stable).

~Po»(ThC')

The branch which arises from orbital electron capture by
Pa~s and Ac~4 is not shown. The mass type was identified
through observation of the characteristic radioactive
properties of the Bi'~(ThC) and its daughters, chemical
identification of Bi'~(ThC), the growth of Th"s(RdTh)
as an orbital-electron-capture branching decay product of
the Pa~' (ratio E/a = ~50) and the growth of Ra~(ThX}
as a similar product of the Ac~4 (ratio X/a=~10). Of
interest is the check, within about 0.15 Mev, of the energy
of these At~" alpha-particles w'ith the energy reported'
for Ats's as formed by the beta-particle branching decay
of Po"s(ThA). The half-life of the Ac~4 could be measured
and the energy of its alpha-particles identified as the result
of its collection in recoil experiments. Similarly, the half-
life and alpha-particle energy of the Fr~ could be deter-
mined by second-order recoil experiments from plates
containing only Ac~ (and daughters). The very short
half-life at At"' was estimated as described above and its
energy could be determined by measurements on samples
containing its progenitors. The half-lives and energies are
summarized in Table I. The radioactive properties of
ThC (and AcC) and daughters are the accepted values
taken from the literature. '

These data extend the information on the isotopes of
protactinium, actinium, francium, and astatine so that
more interesting correlationss of mass and atomic numbers,
etc., with alpha-particIe decay energies and half-lives are
possible.

The cooperation of Professor R. L. Thornton, Mr. J. T.
Vale, and the 184-inch cyclotron group is gratefully
acknowledged.

This paper is based on work performed under the
auspices of the Atomic Energy Commission.

i See, A. Ghiorso, A. H. Jarvey, H. P. Robinson. and B.Weissbourd,
"An Alpha-Pulse Analyzer Apparatus, " Plutonium Project Record
14$, 17.3 (1948},to be issued.

~ 8. Kariik and T. Bernert, Naturwiss. 32, 44 (1944).
s 8. Karlik md T. Bernert, Naturwiss. 31, 492 (1943).
4 See G. T. Seaborg, Rev. Mod. Phys. 16, 1 (1944).
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'
~~ ROM experiments which have recently been described, '

Norris and Inghram condude that the half-life of C"
is 5100 years; earlier experiments' by the same authors
had given somewhat higher values, namely, 6100 and 5300
years, the former being, however, a preliminary value. A
value of 4/00 years was obtained by Reid, Dunning,
Weinhouse, and Grosse. s

Experiments have also been carried out in the standard-
ization laboratory of this project for the purpose of
providing C"standards. With this end in view the activity
of C" in samples of carbon dioxide has been measured in
gas counters similar to those which have been described by
Miller."In order to eliminate possible errors arising from
end effects, compensated counter units each consisting of
a long and a short copper cathode of the same radius and
having as nearly similar end geometries as possible have
been used. To investigate the errors which might arise on
account of P-particles entering the wall from a thin layer
of gas at the wall and not giving rise to a pulse, experiments
were carried out using compensated counter units of
different radii and with fillings at different pressures. The
counters were quenched by means of a Parkinson multi-
vibrator quenching unit. '

The results obtained assuming a 100 percent counter
efticiency, in conjunction with a mass-spectrometer,
isotope-abundance determination, lead to a value for the
half-life of C'4 of 6400+200 years.

Further experiments are to be carried out to check the
efFiciencies of the counters, but the investigation into the
effect of radius referred to above would indicate that the
counters are not less than 95 percent efFicient. Such an
efKiciency would correspond to a half-life of 6100&200
years, which is still considerably higher than that obtained

by Norris and Inghram.
We wish to acknowledge with thanks the help which we

have received from Mr. G. B. Parkinson and Mr. F. N.
MacGillivray. We also wish to express our thanks to
Professor H. Thode of McMaster University for placing
at our disposal the facilities of his laboratory, and to
Mr. C. Collins who operated the mass spectrometer. A
more detailed account of these experiments together with
a description of the preparation of the active carbon is to
be submitted for publication in the near future.

i L. D. Norris and M. G. Inghram, Phys. Rev. 73, 350 (1948).
s L. D:Norris and M. G. Inghram, Phys. Rev. 70, 772 (1946).
s Reid, Dunning, Weinhouse, and Grosse, Phys. Rev. 70, 431 (1946).' W. W. Miller, Science 105, 123 (1947).
s S. C. Brown and W. W. Miller, Rev. Sci. Inst. 18, 496 (1947).
s W. B. Mann and G. B. Parkinson: Submitted to the Review of

Scientific Instruments for publication.
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~HE half-life of C' has recently been checked by
several investigators. Values found were 4700» and

5109' years. Hawkings, Hunter, Mann, and Stevenss have,
by mass spectrographic analysis and gas counting, ob-
tained a value of 6400&200 years.

Since this last value was so much higher than the
previously accepted values, it was decided to check this
using a calibrated end-window Geiger counter. We used
an aliquot of the same NasCOs solution used by Mann
et c/. from which they generated CO&. The samples were
mounted on very thin (50 pg/cm') Formvar hlms. Correc-


