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our latest half-lives and energies for the members of the
previously reported' Pa~ and Pa'~ collateral chains. The
radioactive properties of ThC, RaE, AcC, Po~la, and
daughters are the accepted values taken from the literature s
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Correction and Addendum: Scattering of Par-
ticles by the Gas in a Synchrotron~

tPhys. Rev. 74, 140 (1948)]
NELSON M. BLACHMAN AND ERNEST D. COURANT
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C ORRECTION: The formula for P in the title of Fig. 1

should read like the right side of Eq. (18).
For the word "half" in the title of Table I, read "10

percent of."
For b in the second-last line of page 143, read B.
For —A in Eq. (18}read 0.
For $m at the end of the fourth-last paragraph of the

article, read t/2w.
More accurate calculations show that for a 10 percent

loss of particles, q =0.0855 rather than 0.089.
Addendum: This note considers the eBect of an initial

betatron oscillation on the probability of surviving scat-
tering of a particle being accelerated in a synchrotron or
betatron. Let p be the amplitude of this initial oscillation.
With appropriate choice of t =0, this oscillation con-
tributes to both sine and cosine oscillations the amplitude
p/2&. Thus, (1/2}p~ should be added to the right sides of
Eqs. (7) and (8}, and (1/2)ps{T;/Ty)& to the right side of
{10).The maximum value of q =(b')/2A' now occurs when

T/ Tl ——4/(1 +Ps/2A ~go) 2,

in which g0 is the maximum value g would have if p =0;
it is

e = (go+go/16Ao)'/qo
= f0+ps/8A2

for small p/A.
For example, for 10 percent loss, F0=0.086. If p =2.5 crn

and A =8 cm, then y=0.0982. The higher loss can be read
from Fig. 1—14.5 percent —or compensated for by a reduc-
tion in pressure of p /8Asg0= 14 percent.

This calculation underestimates the loss by tacitly
assuming not that the initial amplitude is p, but that the
initial amplitudes obey a Rayleigh distribution with p

p = (2B/A ) Z J,(x,p/A) LJ,(,}1-
s 1

o

XJo(X.B/A) exp( —X'oP/Ao),
whence

&(6) =J Pd8=2 & Jo(KP/A) exp( —X,og/A')/&, J&(X,),
0 a~1

with g = (1/2)(b').
For g = g/A'=0. 086, p/A =0.3125, as before, this gives

P = 18.9 percent. For go&0.3, only one term of this series
is significant, and it is seen that the number of protons
surviving with p =p is J0() lp/A) times the number with

p =0 (Xl =2.4048, the first root of J0); for B/A =0.3125
this ratio is 86.4 percent.

+ Work done under the auspices of the Atomic Energy Commission.
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' g ADIOACTIUE Cu decays either by positron- or
negatron-emission to Ni or Zn with a half-life of 12.8

hours. In 1945 Backus' reported disagreement between the
observed ratio of the number of positrons to the number of
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FlG. 1. Fermi plots of Cul4 negatron and positron spectra.

the r.m.s. initial amplitude. It overstimates the loss by
including that (small) loss which would have occurred
while the amplitude of betatron oscillation was building
up to initial value.

Another approach eliminates both of these errors bu t
is unable to take account of the damping of the initial
oscillation, thus overestimating the loss. This is to use the
solution of (17) satisfying the boundary condition

p(0, B)= b(B-p} for 0 &B&A

rather than b(B). This solution is
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electrons in the region below 50 kev as compared to that
predicted by the Fermi theory of bets-disintegration.
Recently, Cook and Langer' investigated both the positron
and negatron spectra from Cu" over the entire energy
region and found that both negatrons and positrons at low
energies are too numerous to be accounted for by theory.
Since the technical difticulties involved in the study of the
beta-ray spectrum at very low energy are considerable, it
is desirable to know how far the remaining discrepancies
between experiment and theory at low energy can be
reduced by improving experimental technique and em-
ploying a more rigorous Coulomb correction factor in
interpreting the data.

The Columbia University solenoid P-ray spectrometer&'
was used in this investigation. In order to distinguish be-
tween electrons and positrons, a simple modified baNe
system has been used and is found to transmit particles of
one sign only, introducing no detectable scattering. The
axis of the spectrometer is at least six feet away from any
walls and is orientated along the earth's magnetic meridian.
The vertical component of the earth's magnetic field is
compensated by means of a pair of Thomson coils.

The radioactive Cue' was prepared by intense deuteron
bombardment of copper in the Columbia cyclotron. In
carrying out the chemical purification and preparation,
precautions for yielding high specific activity were par-
ticularly stressed. In the first few preliminary runs, the
source was prepared by direct deposition of a drop of CuSO4
solution on a collodion film. The deposit tends to crystallize
at the edge of the drop and, therefore, forms a non-uniform
source.

A more uniform source can be obtained by adding a trace
of detergent to the CuSO4 solution or from a colloidal
suspension of Cu(OH)g. The source backings used through-
out this investigation were thin collodion film of about
4pg/cm'. The counter window consisted of 5 or 6 layers of
collodion film of 3-kg/cm' each. Auxiliary experiments
showed that this counter window should have negligible
dfects on the electron distribution above 20 kev.

Several runs with sources varying from 0.3 mg/cm~ to
0.1 mg jcm' showed a gradual but consistent reduction of

deviation versus the source thickness at low energy region.
Therefore, the importance of preparing extremely thin and

uniform sources can never be over emphasized. With the
thinnest source (~.1 mg/cm') prepared with the present
facilities, the deviation was found to be much less than
previously reported.

In comparing the experimental data with the Fermi
theory, the Coulomb correction factor has been reexamined
and modified. Longmire and Brown~ recently calculated
the screening effect due to atomic electrons and the rela-
tivistic effect {which has often been neglected foJ Z&29)
for Cu64 electrons and positrons. These corrections are con-
siderable for electrons of energies below 200 kev and for
positrons of energies below 100 kev (Fig. 1). Applying
these corrections, the observed electron distribution (Fig. 1)
agrees with the theory from upper energy limit down to

70 kev. At least part of the remaining discrepancy could
very well be due to the finite thickness of the source. The
deviation in the case of positron appears to start at a much
higher energy 200 kev (Fig. 1}.If these deviations are
due to the scattering of electrons or positrons into the low

energy region, the effect would be much more pronounced
in the case of positrons because there are so few positrons
at low energies. This can better be illustrated by comparing
the area under the momentum distribution curves (Fig. 2)
where the difference between the experimental and theo-
retical distribution for both positrons and electrons is about
1-2 percent of the total emission, while the previous work'
reported an excess of 9 percent for positrons and 6 percent
for electrons.

In view of the large decrease in the deviation resulting
from the use of thinner and more uniform sources and the
use of a more rigorous Coulomb correction factor, it seems
probable that the remaining small observed deviation is
instrumental and the Cu" spectra are actually of the
allowed type.
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and valuable discussions. This document is based on work
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Energy Commission and Columbia University.
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PK. 2, Momentum spectra of Cu64 negatrons and positrons.
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&HE results of a ferromagnetic resonance absorption
experiment at 24,050 megacycles on a specimen

of annealed Supermalloy were compared with theory'
in a previous letter. ' The ) in the relaxation term,
—) [M—xosj, was assumed constant in this analysis. It
is now found that better agreement between theory and
experiment is obtained by setting @AH,. Furthermore,


