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Half-Life of C!

A. K. SoromonN
Research Laboratory of Physics, Harvard U niversity,
Cambridge, Massachusetts
July 15, 1941

EASUREMENTS of the half-life of C!* have been
made in connection with biological research in which
this element was used as a tracer.! The half-life was meas-
ured with an alcohol-filled Geiger-Miiller counter and a
scale-of-16 circuit already described.! For these experiments
the counting loss at high speeds was determined before and
after the measurements and found to be less than 1.7
percent at 10,500 counts per minute, and less than 1.0
percent below 8500 c/min. Half-lives were calculated by
the method of Peierls? in which the total count of a period
of 3 or more half-lives is divided into successive 8-minute
intervals. The initial counting rate was below 8500 ¢/min.
except for run 5 in which it was below 10,000 ¢/min. No
corrections were made for this loss. In runs 1 and 2, the
experiments terminated when the counting rate was some-
what greater than three times background; in all the other
experiments the final rate was greater than eight times
background. Background was measured before and after
each run, and checks were also made with a uranium
standard. Samples were measured as BaCOj;. As a check
against contamination, in run 3 the C! was synthesized
into sodium lactate and measured as such. All the runs
gave good straight line plots for logarithm of activity
against time. The results are given in Table I.
The half-life of C! calculated from all the runs is
20.4240.06 minutes. However, in run 1 the background

Tabie 1. Data on C1,

AGREEMENT OF

TiME STANDARD ACTIVITY
OBSERVED BEFORE AND AFTER HALr-LIre
RuN MIiN.) RUN (%) (MIN.)
1 104 20.01
2 120 4.5 19.83
3 88 1.3 20.29
4 88 0.8 20.44
5 72 4.4 20.84
6 96 2.5 20.42
7 96 0.6 20.46
8 96 1.8 20.65
9 88 1.3 20.57
10 72 1.7 20.64
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altered by a factor of two during the run; so this result can
be discarded. Column 3 in the table gives the ratio of the
measured activity of a uranium standard before and after
each run. The deviation in runs 2 and 5 seems large,
especially since its direction corresponds with the deviation
of these runs from the mean. Consequently, the best value
is that obtained from the remaining seven runs—20.50+0.6
minutes. This is in good agreement with the value of 20.63
minutes previously obtained graphically! as well as the
value of 20.3540.08 minutes given by Smith and Cowie.?

I should like to express thanks to Miss Birgit Vennesland,
and Mr. J. Buchanan for their help in preparing the
samples; to Dr. B. R. Curtis and the Harvard cyclotron
group for the bombardments; and to the Milton Fund for
the grant which has made the work possible.
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On the Slowing Down of Neutrons by
Elastic Collisions

FELIX ADLER
Institute for Advanced Study, Princeton, New Jersey
April 17, 1941

E consider a homogeneous medium in which Q
neutrons of energy Eo are produced per sec. Let v
be the velocity of the neutrons, m their mass, A(v) the free
path for scattering, M the mass of the nuclei of the medium,
and p the probability of a neutron of initial energy E’ and
velocity v’ being scattered by an elastic collision into the
energy interval dE at E. According to the laws of elastic
collisions we get for p

L dE
1—a?FE’
p(E, E')=0 if  Ea®>E,
a=(M-—m)/(M+m).

In order to describe $ by a uniform analytic expression, we

introduce a discontinuous factor of the type of the Dirichlet
discontinuous factor. We define §(E, E'a?) by

p(E, E)= it EagE, )

1 if Ea?<E
5 ’2) = AN
o(E, E'a) {0 if  Ea?>E @
and  is now given by
. 1 dE ,
P(E, E) =y 37 (E, Ela?). 3)

Let N(E)dE be the number of neutrons of a given energy
E present in the stationary state in the system and M(E)dE
the number of neutrons per sec. leaving the energy interval
dE in consequence of an elastic collision. Then

M(E)dE = N(E)(v/N\)dE.

Hence we have for the stationary state

)

M(E)dE=Qp(E, E)dE+ fF " p(E, E")M(E')dE'dE. (5)

In this expression QpdE means the number of neutrons of
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initial energy E, thrown by one collision into the energy
interval dE at E and the integral gives the sum of the
contributions of all the intervals between E, and E. By
introducing new variables

Z=In(E,/E) (6)

and definitg a new discontinuous factor

S(x—x'; a)={é Ii z—x Lo (7

—x'>a,
we get for p
r) ~___*

p(x, exp(x)é(x—x'; a)dx. (8)

E

The condition that the state is stationary is now given by

M(x) = ¢1 — 8%, )+ f T b=, M)A (9)

This integral equation is of a particular type, its second

member is a convolution (Faltung); therefore, we may
solve it by means of a Laplace transformation.

The Laplace transformation of a function is defined by

[ e F)dx=f(x), (10)

where the real part of s is positive. If F(x) is definite and

integrable in every finite interval, the inverse transforma-

tion exists and f and F are connected by
1 patie

F@)= = [© " ef(9)ds. 1)

Here, the integration path has to be chosen in such a
manner as to enclose all the singularities of f(s).

Applying the Laplace transformation to our integral
equation we get

- [1 _.e-'as]
+1Tazf; dxe‘“j;x dx'd(x—x', a) M(x"), (12)

m(s) = ‘pl

whereas
© Sz } —_—pTas
m©)= [ emM@dn [1—e]
= JO dxe™*8(x, a) = Jo dxe™s,

The last term of Eq. (12) will be simplified by making use
of the theorem of composition of the Laplace transforma-
tion!
j: exp(—sox) Fi(x)dx J;m exp(—soy) Fa(y)dy

- exp(—sol){‘/: Fy(t—r) Fo(r)dr } (13)
which holds if

/ ;,)cxp( =sox) Fi(x)dx  and J 0 exp(—sox) Fy(x)dx

exist and are convergent for the same s.
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Thus we get for the last term of Eq. (12)
jo e‘“dxj; dx'8(x—x', a) M(x")

= f;w exp(—sx") M(x")dx’ /;m e~5%§(x; a)dx

=m() {[—ew] (14)
Now the transformed Eq. (12) runs thus
m(s) = "1 [1—6"”]+ m(S) s—eel, (5)
whence
)= o Ty e (16)

By means of the inverse transformation we get for M(x)
1 g +io
2 — s,
1= 1wt
1 vatio
= E;l'—‘lf ja—im
Considering m(s) we find that all the poles s=s, of m(s)

are of the first order; accordingly the residues of m(s) at
Sn are

1—e@

(1—a2>s—(1—e~as) an

_ 1—exp(—as,)
= {—a—a exp(—as,) (18)
and we get for M(x)
M(x)=¢ Icn exp(sax). 19)
all poles

The only pole for which s, has a positive real part is
situated at s,=1. All the other poles of m(s) lie to the left
of the imaginary axis. In consequence thereof we get the
following asymptotic expression for M(x) for large x, if
we replace x by E=Ee™*,

dE 1

MEYE= 5 1= 3= o Tn (/)

if E<KE, (20)

For a small M, the other poles were determined too,
and we found that all the other terms of the series are
completely negligible for x~5. Equation (20) is the same
expression as that given by Placzek.?

1 Cf., Doetsch, Laplace Transformation, p. 161.
2 G. Placzek, Phys. Rev. 55, 1130 (1939).

On the Forward Scattering of Neutrons
by Paramagnetic Media

MARTIN D. WHITAKER AND WiLLiam C. BRIGHT
New York University, University Heights, New York
July 14, 1941

ALPERN and Johnson! have concluded that the mag-
netic interaction between slow neutrons and certain
paramagnetic ions should result in an amount of scattering
at small angles that is several times the nuclear scattering
in this region. This conclusion was arrived at under the
assumption that the magnetic moment of the neutron is



