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0.01 radian.
An interesting feature of the maser output

shown in Fig. 2(b) is the presence of relaxation
oscillations, previously also observed in less
detail by Collins et al. in ruby. The number of
observed spikes decreases rapidly as the power
input into the exciting xenon lamp is lowered
towards the threshold value until at barely above
threshold only a single spike oscillation occurs.
Figure 3 illustrates this phenomenon. The
single spike takes place at exactly the peak of
the pulse output of the xenon lamp, while the
multiple spikes begin earlier because the ex-
citing power reaches the threshold value at an
earlier point. The spacing between the oscilla-
tions increases as the xenon lamp input power is
brought closer to threshold. These features seem
consistent with the explanation offered by Collins
et al. for the relaxation oscillations in the ruby
optical maser, perhaps complicated by contribu-
tions from several frequency modes within the
inhomogeneously broadened line as suggested by

G. J. Lasher of this laboratory.
The favorable energy level structure of triva-

lent uranium as compared to ruby may result in
a strong cw infrared source for research pur-
poses in the near future.
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ratory for helpful discussions. Special thanks
are due Walter Hargreaves of Optovac, Inc. for
cooperating with us in growing the crystals.
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Experimental measurements of the drift veloc-
ity or mobility of hydrogen ions in the parent gas
indicate only a single type of ion, which has con-
sistently been assumed to be H, .' ' Rarely, a
second ion has been reported, 4& ' but it has always
been difficult to observe so that a cloud of suspi-
cion as to its reality has prevailed. Identifica-
tion of the ion as H seems to be justifiable. The
theory of ionic mobilities has been applied by
Mason and Vanderslice' to hydrogen, and it sup-
ports the identification of the ions described
above. It predicts also that H,+ should be found
with a mobility considerably higher than that of
either H+ or H,

+ or of any observed values re-
ported in references 1-5.

Meanwhile, Stevenson' has published some
properties of the H,+ ion which are listed here:

(1) H, is formed by the reaction H, +H, =H,+

+H.
(2) The cross section for this reaction is enor-

mous, approximately 1x10 '~ cm~.

(8) The binding energy of H, is 97 kcal or
4.18 ev (private communication).

(4) H,
+ ions passing through H, gas probably

have an enormous charge-exchange cross section,
of the same approximate size, 1@10"cm', as
for the formation of H,+.

(5) The charge-exchange mechanism appears
to be an exchange of a proton instead of the more
usual exchange of an electron envisaged by the
term "charge exchange. "

If these findings are correct, and there is
every reason to believe they are, then two
changes must be made in the theory and inter-
pretation of mobilities of ions in hydrogen.

(1) The H,+ ion is never observed in mobility
experiments nor will it ever be observed.

(2) The H, ion has a lower mobility than pre-
dicted by Mason and Vanderslice, presumably
having the value commonly observed.

The following justifications are offered: The
chemical equlibrium constant for the formation
reaction for H,

+ given by Stevenson is so large
that there is no possibility of shifting the equili-
brium toward the H, side of the reaction within
the bounds of smarm-type experiments, for ex-
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ample, by very low pressures. At very high
temperatures or very high values of E/P„at
which equilibrium would be shifted toward the
left side, the H,

+ ion would still not be found as
the dissociation of H,

+ would then prevail. It
may be noted that the binding energy of H,+ at
2.65 ev is appreciably less than that of H,+ quoted
as 4.18 ev by Stevenson.

The structure of H,+ seems necessarily to be
H - H - H. Since H, is simply H = H, the exchange
of the proton is not surprising. The binding en-
ergy of H, is very nearly the same as for H,+,
4.48 and 4.18 ev, respectively, so that the proton
exchange is virtually a resonance phenomenon.
The H, ion passing through H2 gas is, in effect,
the "normal" ion of the parent gas consisting of
the parent molecule with an attached proton in-
stead of the parent molecule with a detached
electron. The size of the charge-exchange cross

section should drastically lower the ionic mobil-
ity.

The writer is much indebted to Dr. Stevenson
for pointing out the experimental evidence he had
obtained and for extensive discussions in which
the analysis above was formulated.
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Processes leading to the dissociation of mole-
cular ions have assumed some importance re-
cently in connection with injection into thermo-
nuclear devices. In particular, the dissociation
of molecular ions by electric fields (or the equi-
valent vxB field), provides an attractive method
of injection of high-energy particles which avoids
the use of dense low-temperature plasmas or
carbon arcs.

Recent theoretical studies by Hiskes et al. ' '
have shown that the upper vibrational states of
molecular ions may dissociate in electric fields
of a few hundred kilovolts/cm. In this paper we
describe experiments in which this dissociation
has been observed and also an experiment in
which the He ion was dissociated by an electric
field.

The experimental arrangement was basically
that described by Sweetman4 for measuring the

H, dissociation cross section in hydrogen. For
the present measurements the gas target cham-
ber was replaced by an electrode system so de-
signed that the ion beam would pass through an
electric field of known strength. Figure 1 shows
the details of the high-field gap and the field dis-
tribution as seen by a particle on the axis and on
the periphery of the beam. The ions passed
through the gap and the high-voltage electrode,
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FIG. 1. Details of the high-field gap and electric
field distribution.
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