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shows that the derived phase relation is correct.
The measurement of the magnitude and the

angular dependence of the polarization show good
agreement with the theory in its general shape.
Since our measurement integrates J ' and J&' for
one cycle and over all electrons, which might
have an asymmetrical angular distribution
changing with time, there are deviations in the
details. The sensitivity to angular changes of the
central orbit could enable one to make very fine
beam studies.

I am most grateful to Professor Robert R. Wil-
son and the Staff of the Synchrotron for the hos-
pitality extended to me.

FIG. 2. Experimental and theoretical intensities of
the two polarization components of synchrotron radia-
tion plotted as a function of the angle.

value of 3.
To check the phase relation between Jz and J&,

a quarter-wavelength plate for the Hg 5461A line
was inserted between window and analyzer. We
placed the slit at 11 milliradians and opened it
3.8 milliradians. At this position the intensities
were I~ =19.5 units, I~= 13 units. Inserting the
quarter-wave plate and adjusting the analyzer at
45' between the two directions, gave for the maxi-
mum position 27 units, for the minimum 3. Thus
the nearly circularly polarized light was con-
verted into nearly linearly polarized light, which
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Recently, the validity of the classical theory
of diffusion of charged particles across a mag-
netic field has been extensively discussed. ' '
In the experiment made by Lehnert'~ ' agreement
with the classical theory was found for magnetic
fields weaker than a certain critical value B~,
beyond which this theory was observed not to be
valid. The present note shows that this phenom-
enon can be explained by an instability of the wall
sheath. The experiments'~ ' '~ ' indicate that
this instability causes the plasma to diffuse
across the magnetic field much more rapidly
than predicted by the classical theory.

Bohm's' criterion for a stable wall sheath

formation is

v. '~(kT /m )"~
i e i

where vi' is the ion velocity normal to the wall on
entering the sheath, k is Boltzmann's constant,
Tz is the electron temperature, and mi is the
ion mass. In ordinary gas discharges'&' 7 " it
can be shown that this criterion remains approx-
imately valid when the effect of a magnetic field
(of the order of B~) is taken into account.

Here it will be postulated that the plasma be-
comes unstable when the boundary condition Eq.
(j.) is not satisfied because vI' can be reduced
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by a magnetic field.
For a cylindrical positive column in an axial

magnetic field the radial ion velocity is '~ '
&(T +T )).P P, ) (X J (1~/R)

e ~P +P.& ~R) Z (~r/R) '
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and the corresponding equation when i is re-
placed by e. Here X=2.4, R is the tube radius,
r is the distance from the axis, J, and J, are the
Bessel functions of orders 1 and 0, e is the elec-
tron charge, P, is the gas temperature at O'C,
T is the ion temperature in the plasma, /el and

p,.l are the electron and ion mobilities at unit
pressure and at the corresponding temperatures,
and B is the magnetic field strength. Combining
Eqs. (1), (2), and (3) and putting ~=@', corre-
sponding to the position of the sheath edge, we
obtain the stability criterion:

(4)

(km. )~' T +T. P P, J1(Ar'/R)

Near the wali J', (Xr'/R) =0.52. Z, (xr'/R) =ne'/n,
is the ratio of the electron density at r = r' to
that at the axis, and can be written as'
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FIG, l. Earlier measurements (references 7 and 11)
of 8& as a function of (jbo/R)~2. The curves are calcu-
lated from Kqs, (4) and (5).

ilar results are also obtained for discharges with

krypton, &" argon, 'y ~" and neon. The present
theory may also explain the critical magnetic
field observed by Bostick and Levine' in the
afterglow of a microwave discharge (Fig. 2).
Their experiment indicates that the onset of
instability is due to wall conditions and is not
associated with an axial electric field.

The above discussions are valid for partially
ionized gases. The corresponding situation for
a fully ionized plasma remains to be investigated.
However, the initial stage of the discharge in
the B-3 Stellarator~~ 8 is not very far from that
of the present experiments, ~~ '~ but with magnetic
fields probably too strong to sustain a stable
wall sheath. If the plasma is kept from the wall,

e k T P —T.P. (XZ (X~'/R)~' n
0.10" Bc vs

0.08-

Helium~ Experiment by
Bostick and Levine

Present theory assuming
~axis = 10" &m

Here e, is the dielectric constant of vacuum,
pg;~ is the ion density at r'. The position r',

where the plasma merges into the sheath, can
be quite well defined by requiring" (nf' —ne')/ne'
= 0.01—0.05, as B is rather insensitive to this

C
value [see Eqs. (4), (5), and (6)].

Earlier measurements'~" of B are plotted
against (P,/R)~' in Fig. l. Under these discharge
conditions we have on the average T /V. =1200
'K/volt (Vg is the ionization potential), Tf -4pp'K,
and J,(Ar'/R) =0.013 [Eq. (6)]. With the average
mobility data, "Bc is calculated from Eqs. (4)
and (5) for helium (full curves in Fig. 1). Sim-
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FIG. 2. Critical magnetic field observed by Bostick
and Levine (reference 5) in the afterglow of a micro-
wave discharge, compared with the present theory.
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e.g. , by means of apertures inserted in the dis-
charge tube, the wall conditions are modified.
This also seems to be supported by experiments. '
Further, the present theory seems to connect the
classical diffusion theory'& ' and the ion wave
instability theory in a natural way.

An important consequence of the present dis-
cussions is that a reversal of the radial electric
field in a plasma by means of a magnetic field
seems to be impossible if the boundary condition
Eg. (1) has to be satisfied. Finally, for large
values of Rp„Eg. (4) shows that the sheath is
unstable even in the absence of a magnetic field.
This may be of some interest in the study of
high-pressure glow discharges. '

The author wishes to express his sincere thanks
to Professor H. Alfvdn, Dr. B. Lehnert, Dr. S.
Lundquist, and Dr. E. A.strom for many valuable
discussions.
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Recoil-free resonance emission and absorption
(Mossbauer effect)' of the 93-kev y ray in Zn~

gives rise to the most precise energy definition
thus far reported. ' Despite the numerous diffi-
culties which beset the experimenter searching
for the resonance, ' a small but definite Moss-
bauer effect has been found. 2 This Letter reports
measurements on the influence of the nuclear
Zeeman effect and other perturbing factors upon
the Mossbauer effect in Zn'7 embedded in an en-
riched Zno absorber lattice.

The relatively high energy of this y ray makes
it necessary to embed the source and the ab-
sorber atoms in rigid crystalline lattices, and
to perform ihe experiments at low temperatures.
The first of these requirements was met by using
ZnO for both the source and the absorber lattices.
The second requirement was more than satisfied
by using temperatures below the helium lambda
transition (2.175'K). In addition to these basic
requirements, several experimental difficulties

are consequences of the extreme narrowness of.

the line (4.84 x10 "ev). It is accordingly neces-
sary to take into account the effect of various
perturbing influences. Here we list the more
important of these perturbaiions, and in the fol-
lowing paragraphs indicate how they enter into
the design of the experiment.

One class of shifts arises from the change of
nuclear mass upon y-ray emission or absorption,
with a resultant change in the phonon spectrum
of the lattice. The change in energy of the emit-
ted y ray is given by4

where E is the y-ray energy, M is the mass of
the emitting nucleus, and ( T) is the expectation
value for the kinetic energy per atom of the lat-
tice. If any parameter x should differ between
source and absorber lattice, the recoil-free
peaks will occur at different energies in the
emission spectrum and in the absorption spec-


