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LETTERS TO THE EDITOR
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Line Broadening and the Imprisonment of Resonance Radiation

Applications of existing theories of reso-
nance radiation diffusion' have, in the main,
employed classically predicted values of ab-
sorption coefficients, or values of this quantity
predicted from measurements at low gas pres-
sures (of the order 1 micron). Zemanskyg
and Webb and Messenger' found that at
larger vapour pressures, Hg resonance radia-
tion escaped from a body of gas faster than
could be accounted for on the basis of the
known (low pressure) value of the atomic ab-
sorption coeKcient —and indeed the more was
this so the higher the vapor pressure. These
authors attributed the eff'ect to line broaden-
ing due to absorption or other causes.

Bearing on this question are some experi-
ments of the writer, similar to experiments
already reported, 4 which show that when the
resonance radiations of Ne at a pressure of
1.5 mm pass a considerable distance away
from a discharge and are absorbed, only a
small fraction (1—3 percent) of this energy is
converted into metastable atoms, ' the re-
mainder escaping to the walls as scattered
resonance radiation.

It has been calculated from these results,
assuming a mean life of the excited atoms of
10 ~ sec. and reasonable tentative values
(1—0.1 percent) for the (quenching) efficiency
of gas kinetic collisions transferring excited
Ne atoms to the metastable state that the
mean free path (reciprocal of absorption coef-
ficient) of the scattered resonance quanta
must be of the order of 0.2—2 cm. This may be
compared to the value 6.5 g 10 ' cm calculated
for the cores of the resonance lines of Ne for
1 mm pressure by Found and Langmuir' from
a formula of Ladenburg, or to the value
2X10 4 cm for the core of the mercury reso-
nance line predicted for a pressure of 1 mm
from the atomic absorption coefficient of Hg
for this radiation as known for low pressures. ~

It is suggested that the great discrepancy here
involved is caused by a broadening of the reso-
nance lines as a result of coupling forces
(Holtsmark' broadening), or of molecule
formation. '

It is well known that the absorption
breadths of the resonance lines of Na, Cs, etc.
at pressures of the order of 1 mm are very
great compared with the Doppler breadths.
Hopfield'0 found a large broadening of the He
resonance line in emission which was ex-
plained by Weizel' as due to molecule forma-
tion between excited He atoms and normal He
atoms.

Abnormal broadening of the visible lines of
the rare gases has not been observed: from the
standpoint of the coupling theory8 none would
be expected since there. are no resonators
among the normal gas molecules which can re-
spond to the frequencies concerned; from the
standpoint of molecule formation it may be
that a possible shortness of life of the upper
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excited states, compared with the effective««

life of the resonance states, renders such for-
mation relatively unlikely.

Penning" calculated from Dorgelo's and
Washington's measurements of the mean lives
of metastable Ne atom at 7.1 mm pressure
that only about 1 collision in 10' was of the
first kind (resulting in transfer from the metas-
table state to the resonance state). It has fre-
quently been suggested on the other hand,
that the atoms gocontinually upand down be-
tween these states, '~ the efficiency of collisions
of the first and second kinds being supposed
to be relatively very high and the mean free
path of the resonance lines being supposed to
be very short (classically predicted values).
Obviously, under such circumstances a calcu-
lation like that of Penning would be meaning-
less. But, the present results show that once a
metastable Ne atom is raised to the resonance
state there will be little chanceof a new metas-
table atom being formed and hence Penning's
calculation is confirmed (as are also the essen-
tially similar calculations of a number of other
observers on the lives of metastable atoms. '4

The present results are in agreement with
the direct observation of Meissner and Graf-
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funder" that metastable Ne atoms are power-
fully destroyed by strong Ne light (an ab-
normally long mean free path of the scattered
resonance lines of Ne might have been in-
ferred from this alone) and with Penning's in-
terpretation that metastable atoms were
strongly destroyed in his experiments'6 by ir-
radiation and with the irradiation experiments
of the writer. 4

The previous results that the currents here
dealt with (in the case of pure rare gases) are
mainly of photoelectric origin'" have been
confirmed. Complete details of the experi-
ments will be given in a paper now in prepara-
tion.

Found and Langmuir (private communica-
tion) have recently confirmed by direct means
that the free paths of the scattered resonance
radiations in Ne at 1 mm pressure are very
great (of the order of magnitude of the tube
diameter or larger) compared with the clas-
sically predicted values.

CARL KENTY

Research Laboratory,
General Electric Uapor Lamp Co. ,

Hoboken, N. J.,
April 6, 1932.
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The New Effect Produced by the Action of X-rays on Matter

G. I. Pokrowski (Phys. Rev. 38, 925 (1931))
has reported a series of experiments which in-
dicate that some of the heavier elements (Pb,
Bi, Hg, etc.) after irradiation with x-rays (90
and also 140 k.v.) acquire feeble radioactive
properties. A sample of Pb which had been
irradiated for 30 minutes was found to pro-
duce a measurable ionization current up to 90
minutes after irradiation. This experiment has
been repeated by Gingrich (Phys. Rev. 39,
748 (1932)) who used as detector a Linde-
mann electrometer of high sensitivity. Al-

though Gingrich's experimental arrangement
would probably have been able to detect one
one-hundredth of the maximum effect re-
ported for Pb, yet he found no difference for
the ionization produced by various metals be-

fore and after irradiation with x-rays whose
voltage was varied between 45 and 160 k.v.
Gingrich's periods of irradiation appear to
have been comparable with those of Pokrow-
ski (30 to 40 minutes).

Pokrowski also reported an effect which was
built up after continued irradiation with x-
rays. This effect was detected by scintillations
produced on a zinc sulphide screen. This effect
was found to persist for many days after ir-
radiation and corresponded with about one
scintillation per cm' per second. From a
knowledge of the total ionization produced he
calculated that the particles from Pb which
were responsible for the scintillations had an
average energy of 1.1X10' e.v. If these were
a-particles, then they should have a range in


