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TABLE I, Uranium and lead contents (parts per million).

Uranium
Lead

Iron phase

0.1
56

Silicate phase

0.4
2

Earth's crust

4
16
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A Ll. evidence indicates that the elements were fornied
at some time within a period of 3&(10" to 10)&10'

years ago. The lower limit has been set by estimates of the
-age of the earth's crust, ' while the upper limit is based upon
the fact that certain radioactive species still exist in nature.
Further definition, of the age, utilizing well-known radio-
active methods of age determination, is difficult primarily
because of our ignorance concerning the original isotopic
composition of lead. However, recent studies of the compo-
sition of meteoritic matter, undertaken by the author,
suggest a method for at least partially overcoming this
difficulty.

Meteorites are composed in general of mixtures of one or
more distinct phases: metallic iron-nickel, silicate, and
sulfide. Elements are distributed between the phases ac-
cording to rules which are as yet incompletely understood.
It is generally believed, but not proved, that the elements
distributed themselves between these phases during the
process of planet formation.

The time elapsed since the formation of the elements can
be divided into two parts: ti, the time interval between the
formation of the elements and the separation of elements
into the various phases comprising meteoritic matter; and
t2, the time interval between the meteoritic phase separa-
tion and the present. The latter time interval, t2, is subject
to experimental determination using the uranium-lead
technique. ' It involves the determination of the isotopic
composition of lead isolated both from the silicate and
metallic phases, together with a determination of the lead
and uranium contents of both phases. Although this is a
difficult task, it is by no means impossible, as can be seen by
the average abundance figures' given in Table I.

A direct estimate of ti is possible if we assume that when
the elements were formed, essentially all possible species
were formed in amounts depending upon nuclear properties
such as binding energy and the number and kinds of par-
ticles in the nucleus. The short and intermediate-lived
substances presumably have since decayed away, while
those species with half-lives comparable to the total ela. psed
time still exist in nature.

If the meteoritic phase separation took place before a
given radioactive species had decayed into insignificance,
and if the parent and daughter elements were fractionated
from one another during the phase separation, then one
would expect the isotopic composition of the daughter
element to differ in the two phases. In such a case, one
would be able to set an upper limit to the time interval of a
few half-lives.

On the other hand, if no isotopic composition diFference is

()bserve(l, a 1()wer limit for. the int.erval could be set. ,
although less precisely because of the difficulty of esti-
mating the initial abundance of the parent. If a series of
nuclear species, possessing half-lives covering the range of
10' to 10" years were available, it should be possible to
estimate 3& fairly accurately. Unfortunately, such a series is
as yet unknown, probably, in great measure, because of the
difficulties of producing these species of intermediate half-
life in sufficient intensity to permit their detection and
identification. It is possible, however, that with the de-
veloprnent of high energy accelerators and high intensity
piles more species in this interesting range will be discovered
and characterized.

The general method outlined above for the determination
of ti has been applied to one case, that of copper, ' where
unfortunately the half life of the nickel parent (Ni ') is as
yet unknown. ' Stability considerations indicate that it
should be long lived. No isotopic abundance differences
between copper isolated from an iron meteorite and earth' s
crust copper were observed, although the nickel-copper'
ratio in the first case is 200 and in the latter approximately
unity. This result, when coupled with an identification of
the Ni" half-life, should permit a rough estimate of the
lower limit of ti,
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N a recent number of this journal' an effect of a d.c.
potential on the initiation of a radiofrequency discharge

was described by Arthur A. Varela. He found that the
application of a d.c. potential greatly impeded the forma-
tion of the discharge, and that a considerably higher r-f
potential was required for the initiation of the discharge.

I should like to mention that I described the same effect
in a paper' in which I studied the r-f potentials necessary
for the initiation and maintenance of a discharge in different
gases with different frequencies. I found, for instance, that
the application of a d.c. potential of plus or minus 60 volts
to a r-f discharge, maintained by an a.c. potential of 60
volts, caused the discharge to vanish completely. ' As I
showed in this paper, the reason for this effect is that the
displacement which the electrons responsible for ionization
can attain during one period of the oscillation, is of the
same order of magnitude as, or is smaller than, the distance
between the electrodes, and that therefore these electrons
can oscillate between the electrodes and give rise to a
cumulative generation of ions.
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