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process, He++2He He~++He. Substitution of the interaction
constants of Massey and Mohr" in the Thomson formula gives
that the mean lifetime of a He+ ion in helium at 25 mm Hg is
only about 10 ' sec.~ Since the age of the ions studied by Biondi
and Brown ranged from 5X10 ' to 1 ~ 1X10~ sec., it would seem
probable that they were indeed He~+. In view of the importance
of being certain of the nature of the recombination mechanism, it
would be useful if this could be verified by means of a mass
spectrograph.

The ambipolar diffusion measurements were conducted at
lower pressures but the conditions were still such that He~+

might well predominate over He+. Unfortunately the discrepancy
between the results of Biondi and Brown and those of Tyndall
and Powell" cannot be attributed to this, for Meyeratt'4 claims
these latter probably also worked with molecular ions. It is
difBcult to predict the mobility of He&+ as certain collision reac-
tions may introduce complications.

Finally I would like to thank Professor H. S. W. Massey
for several helpful discussions.
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liminary values, d8;it 1.550A and ds;t:1 1.99&A, are obtained.
The SiC1 distance thus appears to be shorter than that4 in SiH3Q
by about 0.05A.

issFSBr79 and SpsFBBrsi The pure rotational transitions
J=15~16 and 16 17 have been observed for Si"F3Br"and the
J=1~17 for Si 'F3Br7. The hyper6ne structure has not been
completely analyzed. The moments of inertia are 541.4X10 ~

g crt@ and 547.3X10 40 g cd for SissF3Brv and SimsF3Brsi

spectively. If p FSiBr is taken as 110'30', as is p F5iCl in SiF3Cl,
preliminary 6gures for the bond distances are obtained as follows:
dg'F=1.550A, ds'g'=2. 159A. The SiBr distance is thus probably
some 0.05A shorter than that' (2.20sA) in SiH38r.

Further work on these molecules is planned to complete the
structure determinations and to determine the nuclear couplings
and molecular dipole moments.
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i From the relation between nuclear quadrupole moment and nuclear
shell structure found by Gordy [Phys. Rev. 76, 139 (1949)] one would not
expect a large quadrupole moment for Si». Because of the symmetry of the
tetrahedral bonds to Si, the quantity (BtV)/(8ss) would be very small.
Hence, if a hyperfine structure exists for Si»FsH, it might be unresolvable.

~ Concurrently with our work, Minden, Mays, and Dailey (private com-
munication) have made approximate measurements on the J=2~3 and
3—4 transitions of SiF3CHI. They report several lines caused by molecules
in excited vibrational states.
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Si"FSH and Si' F3H. The rotational transitions J=1~2 and
J=2~3 have been observed for Si~sF3H. Precise measurements on
the J=1~2 transition yield: v=28, 831.90&0.10 mc, 80=7207.98
mc, and Ig ——116.394X 10 0 g cm' {with Planck's constant
=6.6242X 10~' erg sec.). With the assumptions, dg;H = 1.55
+0.05A and g FSiF= 110'+1', the silicon-fluorine distance,
ds;F ——1.555+0.005A, is obtained.

The J=2~3 transition has been observed for Si~'FSH. Failure
to detect a hyper6ne structure is evidence, but not proof, ' that
the nuclear spin of Si~' is ~~. Precision measurements are being
made on the rotational frequency of this and other transitions.
Also, it is expected that measurements can be made on Si~FIH,
with Si~ in naturally occurring concentrations.

Si~sFsC~Hs. Observations of the J=3~ and J=5~6 transi-
tionss have been made for Si~sFSC'2H3. Precise measurements
yield: v =29,724.91+0.18 mc for the J=3~4 transition,
Bo——3715.62 mc, and I~=225.794X10 40 g cm' (with k=6.624~
X10~ erg sec.). Assuming all angles to be tetrahedral and
assuming ds;F = 1.555A and dcH ——1.10A, the SiC distance obtained
is 1.88A.

Sil'F3C1'~ and SigsFBC137. The pure rotational transitions,
J=6 7, 7~8, and 8~9, have been observed for SissFSC13' and
the J=7~8 for Sis'FICl' . A hyper6ne structure, which has not
yet been completely analyzed, was observed for each transition.
The moments of inertia (Ig) are 338.sX10 's g cd and 347.t,

X 10 ~ g cd for Si~sFIC13~ and SissF3C13', respectively. If g FSiCl
is taken as 110 30', as indicated by electron diGraction, ' the pre-
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N investigation of the effects of multiple meson processes and
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nucleon recoil has been carried out with an adaptation of the
functional formalism of Fock.' An iterative method was employed
to deduce from the set of integro-differential equations the explicit
interaction U='U+'U+sU+ ~ - ~ where

'U= —J(GO*(k)Go(t)/5 )dt, (1)

{2)

'U= I{Go*(k) /P—„[B„Gp(k)jj/(bra)3) dh, (3)

Godet) =Z„g{2x') &P c(A j2co) & exp{—ik x&). (4)

H„ is the Hamiltonian for free nucleons and ao=c{h h+N.")&.

Equation (4) is for a neutral one-mass scalar field with scalar
coupliag. It may be modified for other types of 6elds and couplings.
sU is the usual second-order interaction. Using this very same
formalism but neglecting nucleon recoil, Tomonaga~ obtained
only sU. In contrast with previous results by others U, sU, sU, etc.
here are quadratic in the coupling constant. In deriving sU and
'U certain questions as to the order of the operators involved in
self-energy terms arose which we resolved in view of the sym-
metry requirements for bosons by assuming that expressions like
fGp {h&), fP», Go (hi)g]&0 may be ignored. Apart from this
unsettled point the work was straightforward. We believe it
reasonable to anticipate that an inde6nite extension of our
method or a valid alternative perturbation method will lead to
the following conclusions.

(a) The exact interaction is quadratic in the coupling constant.
(b) The results of any development employing power series in

the coupling constant must be regarded with very great suspicion.
The fact that in electrodynamics such a perturbation method


