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TABt.m I. Isotopic composition of xenon and krypton before
and after irradiation.

River pile. The low cross sections found for Kr ', Kr ', Xe'", and
Xe"p are not surprising in view of the nuclear structure postulated
for these isotopes.

We wish to thank W. E. Grummitt for his assistance in getting
the samples irradiated. We also wish to thank the National
Research Council of Canada for 6nancial assistance and to
acknowledge the use of the facilities of the Chalk River pile.

80 2.27 2.24
82 11.52 11.45
83 11.48 11.12
84 S7.29 57.67
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14.4S 14.13
27.75 28.21
5.85 5.83

51.96 51,85

-2.3 +0.1
+1.7 +0.2—0.3 &0.2-0.2 +0.2

~ W. H. Sullivan, Trilinear Chart of Nuclear Species (John Wiley and
Sons, Inc. , New York, 1949).

128 1.89
129 26.41
130 4.03
131 21.24
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134 10.49
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and unirradiated samples were measured with a 180-degree direc-
tion focusing mass spectrometer. The results are given in Table I.

Assuming that only (e,y) reactions are taking place and that
we are concerned only with stable isotopes and Krs~ (9.4 yr. ) the
equation n =npe ~~ can be used to calculate the isotopic absorp-
tion cross sections. Ii is the neutron Qux, T is the time of irradia-
tion, cr is the absorption cross section of the isotope, ep and e are
the abundances of a given isotope before and after irradiation
respectively. The data for both normal and fission product samples
were used to calculate the neutron capture cross sections. The
results are given in Table II. The relative cross-section values are
more reliable than are the absolute values. This is due to the fact
that the absolute values depend on the neutron Qux and the time
of irradiation, which are not accurately known, whereas the rela-
tive values depend only on the mass spectrometer measurements
which are good to 0.5 percent or better.

The mass spectrometer analysis showed that less than 1:15,000
of Kr' (9.4 yr. ) was produced from Krs4 by neutron capture. This
is further evidence that Kr'4 has a very low capture cross section.
Since 40 percent of the total capture of Krs4 produce 9.4-yr. Kr",
it is possible to assume that no measurable change in the 6ssion
product Kr" is due to a feeding in from Kr".

The results show that Kr' Kr ' Xe's' and Xe'" have rela-
tively high absorption cross sections. It is interesting to note that
Xe"', Xe'", and Kr", which have an odd number of neutrons,
have the highest cross sections. Neutron capture cross-section
data reported to date seem to indicate that this is a general rule.
However, the low value for Krs' is an exception to this rule.

It is apparent from these results that Kr", which has one
neutron less than a closed shell, does not have an exceptionally
high thermal neutron capture cross section. This, however, does
not preclude the possibility of a high resonance cross section at
higher neutron energies than are generally obtained in the Chalk

TABLE II. Neutron capture cross sections of xenon and krypton.

Krypton
Isotopic cross

section in barnsMass

78 (0.2 7)4
80 95 +15
82 45 &15
83 205 %10
84 2 & 0.1 (0.156)
85 15& 0
86 2 & 0 {0.064)

Total absorption cross section in barns
Our results 30&5
Reported (absorp-

tion and scat-
tering} 27

Mass

128
129
130
131
132
134
136

Xenon
Isotopic cross

section in barns

5& 0
45 a15
5& 0

120&15
5 & 0 (0.02)
5& 0 (0.02)
5 & 0 {0.1S)

37 &5

40

*The cross sections given in brackets are the known activation cross
sections (reference 1).

XPERIMENT and theory disagree on the low 6eld mobility
~ ~ (pp) of the ion He+ in helium. Tyndall and Powell' obtaineds

pp
——19.9 cm'/volt-sec. after being dissatisfied with an earlier

measurement' of 12. Biondi and Brown4 from diffusion data ob-
tained 12.8. Although classical kinetic theory' predicts pp=19.6,
a careful quantum-mechanical calculation of Massey and Mohr'
predicts 11.

Meyerott~ has suggested that these discrepancies are removed if
(a) the value pp=19.9 of Tyndall and Powell applies to Hem+

rather than He+, and (b) the superiority of the quantum-mechan-
ical computation is recognized. The situation is further compli-
cated, however, by Bates suggestion that, because of ion age,
Biondi and Brown also dealt partly with He2+.

Ion mobility measurements have been made in these Labora-
tories in the course of experiments on pulsed Townsend discharges.
The transient current resulting from the liberation of a very short
(0.1-psec.) pulse of photo-electrons from the cathode of a gas-61led,
tube agrees well with the theory of Newton. ' The predicted and
observed discontinuity in current, corresponding to one ion
transit time across the tube, permits measurement of the ion
drift velocity (or mobility) as a function of E/pp. In the gases
studied, helium, neon, and argon, one discontinuity is observed
over a range of E/pp from several hundred (units of volts/cm-mm
Hg) to about 25. At lower E/pp two discontinuities have been
observed consistently indicating the presence of two species of
ions with different mobilities.

The ion appearing only at low E/pp in each gas has a mobility
about twice that of the other ion. In the region where both ions
were observed in helium, the age of the slow ion was never more
than 30 psec. and the fast ion never more than 15 psec. At E/pp
~10 in helium the respective mobilities of the fast and slow ions
were pf 84 —18 and p,&, =9.4, and these values were increasing
slowly as E/pp was decreased. Measurements at lower E/pp could
not be carried out.

In this experiment the sharp time definition of the current dis-
continuity demands that the ions be formed within one micro-
second after the photo-pulse and that the ions not change their
identity during the transit across the tube.

The slow ion in each of the rare gases we identify as the atomic
ion, He+, Ne+, and A+, primarily on the basis that the slow ion is
observed over the entire range of E/pp. This implies, for example,
an He+ age of one @sec. at the highest Ejpp obtained.

The identity of the fast ion might be (a) doubly charged atomic
ion, (b) impurity ion, (c) molecular ion of the parent gas. Hy-
pothesis (a) is unsatisfactory because the fast ion appears only at
low E/pp and because the voltage applied to the electrodes was in
some cases less than the appearance potential of the doubly
charged ion. Time considerations suggest that an impurity concen-
tration of the order of one percent or possibly more would be
required to make hypothesis (b) reasonable. Mass spectrometer
analyses of the gases used indicated no impurity within the limit
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of sensitivity of the instrument (0.005 percent). Flashing addi-
tional Ba-Mg getters in the experimental tube did not alter the
effect. The impurity hypothesis, therefore, appears to be untenable.

Turning to hypothesis (c), the proposed mechanism of formation
of the molecular ions'0 (suggested to the author by C. Herring) is
that atoms excited by the primary electron pulse to a high state
above the metastable level may collide with neutral atoms before
they radiate, giving the molecular ion and an electron. " The
molecular ion hypothesis based on this formation process seems
consistent in every respect. First, Hel+, Ne2+, and A2+ are known
to exist. Is Second, the other factors that we have to consider, viz. ,
time of formation, energy of formation, pressure variation, and
mobility, all agree with other experimental observations and
theory to the extent that these are available or known.

The suggestion of Meyerott therefore seems to be well sub-
stantiated, namely, that the identity of the ion measured in some
experiments has been confused, and that the calculation of Massey
and Mohr for helium is essentially correct. From the present
measurements of A2+, A+, and Nem+ and Ne+, one concludes that
the exchange force reduces the mobility of the atomic ions (making
them slower than the molecular ions) by about the same factor
that this force reduces the mobility of He+ in helium. The results
indicate, further, that the mobility measurements of Munson and
Tyndall" presented as A+ in argon and Ne+ in neon actually are
for As+ and Ne~+.

I am greatly indebted to many of my colleagues, particularly
Dr. J. P. Molnar, Dr. G. H. Wannier, and Mr. A. H. White, for
their invaluable assistance and advice in the course of this work.

I A. M. Tyndall and C. F. Powell, Proc. Roy. Soc. A134, 125 (1931).
~ All mobilities are quoted in these units for gas density at OoC, 760 mm

pressure. No temperature correction as such is implied.
s A. M, Tyndall and C. F. Powell, Proc. Roy. Soc. A129, 162 (1930).
4 M. A. Biondi and S. C. Brown, Phys. Rev. 75, 1700 (1949).' H. R. Hasse and W. R. Cook. Phil. Mag. 12, 554 (1931).
& H. S. W. Massey and C. B.O. Mohr, Proc. Roy. Soc. A144, 188 (1934).
7 R. Meyerott, Phys. Rev. 66, 242 (1944); 70, 671 (1946}.
s D. R. Bates, Phys. Rev. 77, 718 (1950).
s R. R. Newton, Phys. Rev. 73, 570 (1948).
Io F. L. Arnot and M. B. M'Ewen, Proc. Roy. Soc. A166, 550 (1938),

have suggested the same mechanism as a corollary to a formation process
from a metastable atom-neutral atom collision.

» Evidence from this experiment indicates, in agreement with Meyerott,
reference 7, that metastable He atoms cannot form Hes+ by collision with
a neutral atom, as proposed by Arnot and M'Ewen, Proc. Roy. Soc. A171,
106 (1939).

» 0, Tiixen, Zeits. f. Physik 103, 463 (1936).My thanks go to Professor
W. P. Allis for pointing out this reference to me.

» R. J. Munson and A. M. Tyndall, Proc. Roy. Soc. A177, 187 (1941}.

The Electric Field at a Thermionic Cathode as a
Function of Space Current

PAUL L. CQPELAND AND DELBERT N. EGGENBERGER
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'HE work of Ivey' suggests that the Geld at the cathode of any
diode is a simple function of i =—I/I„where I is the space

current and I, is the space-charge limited current in this diode.
For simple symmetries {parallel planes, coaxial cylinders, and
concentric spheres) the potential or the potential gradient are
most easily expressed in terms of a harmonic coordinate z such
that Laplace's equation takes the form d'V/dzs=0. The rela-
tionship between the "gradient" at the cathode in the absence of
space charge (dV/dz)0 and the "gradient" at the cathode when
current flows (d V/dz). , we express as a Maclaurin's series in i as
follows:

(d Vjdz). = (d V/dz) 0(1—ai—his —ci'—~ ). (1)
From Eq. (1/) of Ivey's paper we optain a=0.59259, b=0.10974,
and c=0.052025. If the conjecture put forward by Ivey is correct,
a, b, and c do not depend on geometry.

We have expanded the potential V(z) as a function of i by
means of a Maclaurin's series, and through this series have evalu-
ated the coefBcient "a" in Eq. {1)for various ratios of the radii in

TABLE I. Coefficient a in Eq. (1}.

1.1
5.0

10.0
100.

1000.

0.5926
0.5913
0.5896
0.5729
0.5422

A Deternunation of the Speed of Light by the
Resonant Cavity Method

KEEs BoL
Department of Physics, Stanford University, Stanford, California

August 21, 1950

q OR the last several years an experiment has been in progress
at Stanford University for the measurement of the speed of

light, c, by the resonant microwave cavity method. The cavity
consists of a cylinder 4.5 in. high and 9.8 in. i.d., which rests on
one end plate, and three spacer rods inserted in the cylinder walls
which support the top end plate. The TEOI2 and Teo~i modes are
both measured and are then used to eliminate the measurement
of the absolute diameter. The height is found from the spacer rods,
which are measured interferometrically.

The provisional result which has been obtained to date is

c=299,789.3~0.4 km /sec.

The limits given do not include a possible systematic error due to
a slight tarnish of the silver-plated walls of the cavity. On this
account the result may be too low by possibly as much as, but
probably less than, 0.5 km/sec. The experiment is being repeated
at present in order to eliminate this difhculty, as well as some
others of lesser importance. A detailed paper will be submitted on
the completion of this work.

The experiment was devised by the late Dr. W. W. Hansen and
was conducted under his supervision until his death.
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N the course of work on the development of lead sulfide photo-
~ conductive cells, mainly using the chemical method, we have

examined the chemical precipitate by x-ray diffraction. We ob-
tained powder patterns which, as reported by Doughty, Lark-
Horovitz, Roth, and Shapiro, ' showed, mainly, lines due to Pbs,
with additional lines. In our case, these were definitely identified
as being due partly to PbO, and partly to basic lead carbonate
Pb(OH)2 PbCO~., and not to PbO PbSO4 as the above authors
consider probable.

We thank Mr. L. J. Davies, Director of Research, The British
Thomson-Houston Company, Ltd. , for permission to publish this
note.

I Doughty, Lark-Horovitz, Roth, and Shapiro, Phys. Rev. 79, 203A
(1950).

the case of coaxial cylinders. The results of our calculations are
summarized in Table I. These results suggest that the function ex-
pressing the ratio of the Geld at the cathode in the absence of
current to that in the presence of current is not a universal one as
Ivey tentatively suggests, but that the ratio (dV/dz), /(dV/dz)o
is a slowly varying function of geometry.

' H. F. Ivey, Phys. Rev. 76, 554 (1949).


