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tion: The difference of nuclear electric quadru-
pole coupling constants for the two states is
Ae@q =-940+ 30 MHz, and the magnetic coupling
in the excited state is'* C =53+ 5 KHz.

The difference in quadrupole coupling constants,
AeQgq, is nearly the same for both the presently
studied P(117) line of the 21-1 band and the for-
merly observed R(127) line of the 11-5 band,® de-
spite widely differing vibrational states. An es-
timate of the ground-state quadrupole coupling,
extrapolated from heteronuclear molecules,® in-
dicates that the hyperfine splitting in the elec-
tronically excited state is about four times small-
er than in the lower state.

The experimentally determined spectrum agrees
quite well with the prediction of the model. The
present measurements, with their complete cov-
erage, well-defined zero level, and good signal-
to-noise ratio, reveal no structures other than
the predicted 21 components. This confirms that
the transitions where the nuclear spin orienta-
tions change do not occur and proves, moreover,
that there is negligible cross relaxation between
different molecular hyperfine levels.* The satu-
ration techniques utilized would also reveal a
possible collisional cross relaxation in velocity
space, as was demonstrated in a recent experi-
ment investigating gas-laser plasma.®

The strict selection rules simplify the spec-
trum, but they also make it impossible to deter-
mine the hyperfine splittings of the levels sepa-
rately: Only the difference is observed in experi-
ments of this kind. However, the individual level
spacings could be determined by applying a radio-
frequency field to mix hyperfine levels.

The strong, narrow, iodine-vapor resonances
reported in this paper may be used for long-term
frequency stabilization of the krypton ion laser.
Such a light source, with its excellent frequency

stability combined with significant output power,
will certainly prove a very useful tool for a vari-
ety of applications.
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ing discussions and also to K. H. Sherwin for val-
uable technical assistance.
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with Ref. 6 one may set C =K/[JJ +I)], which yields
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Electrostatic instabilities in a plasma having electrons flowing along a magnetic field
are generated by a shear in the electron drift velocity. This can cause an effective re—
sistivity much higher than the Buneman value and consequently increase the rates of

penetration of a skin current and of heating.

To explain the anomalous resistivity observed
in several turbulent heating experiments,® the
growth rate of the electron-ion two-stream in-
stability®?® has been interpreted as an effective

electron collision frequency. To get agreement
between the observed conductivity® and the theo-
ry,>* the effective ion-electron collision time
has been assumed equal to the e-folding growth
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time for the instability.! Thus the conductivity
is given by

o M/m)Y3w,,,

where M is the ion mass, m is the electron
mass, and w,, is the electron plasma frequency.
However, the conductivity computed by the above
theoreticians®? is a factor of 20 greater than
that obtained from the above assumption. Fur-
thermore, we suspect that the condition assumed
of u> B, (where u is the electron drift velocity
and 8, the electron-thermal velocity) is difficult
to obtain in practice. Thus, the explanation of
the observed conductivity should be sought in
terms of more realistic conditions such as finite
plasma size, presence of magnetic field, etc.,
which we now do.

Since in usual turbulent heating experiments
plasmas are generally prepared before applica-
tion of strong electric fields, the electric field
cannot penetrate into the plasma medium instan-
taneously. During the time of field penetration,
it is expected that the axial electron drift veloci- i

k.l.Kj_ (3uj /3y)k"kl _a_

P+ kp(1+Q,L;)+ Y w,,f[
i 7 Wej Wej

aQ,

ty has a radial dependence such that
du(v)/dr >0,

which can be an origin of electrostatic instabili-
ties.*® Since the instability due to the velocity
gradient tends to reduce this gradient, we sus-
pect that the observed electric field penetration
may be achieved with a time scale on the order
of a growth time which is much shorter than the
“classical” penetration time

T=(410/c?)»?,

with o the Buneman conductivity, # the plasma
radius, and c the speed of light.

Let us assume density and drift-velocity gradi-
ents perpendicular to an external magnetic field.
If the characteristic scale lengths of these gradi-
ents are much longer than cyclotron radii and the
perpendicular wavelength, a linear dispersion
relation of electrostatic waves can be easily
found in terms of a geometric optics approxima-
tion. which we have derived and which will be
discussed in detail in a longer publication:

Jz,=0, (1)

where kp; is the Debye wave number; w,; is the plasma frequency; w,; is the cyclotron frequency; K;

is the density-gradient constant, given by
K;=ny; dny; /dy; Q;=w~kyuy;

and
L;=(kyB ;) e 35,1, () Z(E,),

where B; is the thermal velocity, I, (Aj) is the nth-order modified Bessel function with argument 2

=k,?8?/2w ?, and Z(f) is the plasma dispersion function with argument ¢, ;= (w—kyu;+nw;)/k B;.

There are several limiting cases of interest in Eq. (1), depending on frequency and thermal effects.
(A) Cold plasma.—1f we assume B,, 8;~0 in Eq. (1), we obtain

w w,, 2 w,,2du, /dy w, kK ,w,? w,k, K
2_y, 2% 2 be _ Yoo dU, pe 2Wpi  WpiRy ‘ 9
ko =k Q,° +ky Q,2-w,,’ wceQez kyky + ] +k w2 W, w (2)

where we have assumed that k, =K;=K, u;=du;/dy=0, and |w|>w,. The case in which |w|®*>»w,?
has been discussed by Mikhaivlovskii and Rukhadze® who found the solution for w given by

w =Ry +imin(w,,, wg,).

Since, kyu <min(w,,, w,,) in general, the density-gradient term has little influence on the instability.

This can be seen from

Q, w0

in Eq. (2). Thus, the statement made in Ref. (5) on the stabilizing effect of the density gradient is not
correct if the plasma is quasineutral (z;~n,). The growth rate is very large and the instability is al-
most nonoscillatory. Nonlinear effects of the instability can reduce the velocity gradient within a time
Wpe “!or w,, !, whichever is the larger, giving rise to rapid electric field penetration into the plasma

’

core. At the same time, electrons are rapidly heated and the cold plasma model may become inapplic-
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able. However, instability still persists if the condition

du_ @y Zw o2 €080 +£) %8, Hw,, ? sin®0 + w . ?)
dy W e W g COSO SinG

’
where 6 is the angle between k and ﬁo, is satisfied.
In the frequency range w,; < |wl<w,, Eq. (2) gives another solution for w:

o 1+3V3 {(1+tan?0)[1-tan6(du/dy)w , ~*|"/*}/°
2¥2 [1+tan®0(1 +w,,%/w, 2 |'/*

(wpy 2wpe)1/3

which is very similar to the solution obtained by |
Buneman.? In the absence of the velocity gradi-
ent, the growth rate is maximum at tan6=0, so
that turbulence wave vector is directed along the (wP-w 2 (w—Fkyu) =tand

v is introduced, Eq. (3) can be modified as

du W (w—kyu +iv) (4

’
magnetic field and the problem is essentially one i Wee
dimensional, Only electrons are preferentially where w, =C %k (k <Kp) is the ion acoustic fre-
heated even though the effective electron-ion col- quency. The above dispersion relation indicates
lision frequency is much higher than the classi- a coupling between the drifting-electron mode w
cal value, If the velocity gradient is present, the =Fkyu, which is a negative-energy wave, and the
growth rate does not vanish at 6 =37, and we may ion acoustic mode w=kC, ~k,C, in the pres-
expect that effective ion heating takes place in ence of the collisions as well as the velocity gra-
this case as a result of resonance at the lower dient. The maximum growth rate is given by
hybrid frequency; this will be discussed later in 1 du 12
a longer note. Rapid ion heating observed in y= m(tanGEwce "l SV) (swy),
turbulent-heating experiments®® could be due to
the instability caused by velocity gradients. which can be on the order of w,;, and somewhat

(B) Hot electron plasma.—Let us assume that smaller than the growth rates previously ob-

tained. It can easily be shown that in a plasma

Qo /lPe<1, Ao <1, carrying a homogeneous current (no velocity gra-

B;=0 (cold ions), and lwl|>»w,; in Eq. (1). Dia- dient), perpendicular ion acoustic waves (w
magnetic effects all vanish under these assump- =~p,C,) can be excited only if #>w/k,, which is
tions and we obtain a simple dispersion relation, practically impossible under usual experimental
du/d B2\ conditions. However, as we have seen, the in-
w?= %‘Wﬁ-kz <1—tan9u—y+ E—é) . (3) homogeneity in the electron drift velocity greatly
Wee b reduces the critical velocity for the onset of per-
If the velocity gradient is sufficiently large, Eq. pendicular ion acoustic waves. The electron col-
(8) yields a nonoscillatory solution lision rate v is not necessarily due to binary col-

lisions with either ions or neutrals but could also

=7 2] 1/2
w=kC ([, /(du/dy) tand ], be due to some turbulence present in the plasma.

where C, =(T,/M)'? is the ion acoustic velocity. We have shown that an electron drift along an
For k ~Fkp, the growth rate is on the order of external magnetic field having a gradient across
w,; or higher. The physical mechanism of this the field may give rise to various high-frequency
instability is somewhat similar to current con- (lwl>»w,;) instabilities with &, >%,. The growth
vective instability” although the growth rate is rate y is in the range w,; sy = min(wpe, w Ce), It
much higher than w_,; and the wavelength is cor- is intuitively expected that the fast-growing in-
respondingly short. The direction of 2 is almost stabilities rapidly weaken the velocity gradient
perpendicular to the magnetic field which is fa- (or help an electric field penetrate into the plas-
vorable for ion heating. The plasma diffusion as- ma core) and should be accompanied by rapid
sociated with the instability is expected to be ion heating as well as electron heating due to un-
very small because of the short-wavelength na- frozen ion motions (lw > w,;) associated with
ture. However, the velocity-gradient profile some instabilities [(B) and (C)]. Detailed calcula-
should be disrupted very rapidly within w,; “lor tions including quasilinear effects will be report-
less. ed as a separate report.

(C) Collisional plasma instabilities. —1If a finite, Helpful discussions with A. A. Rukhadze are
electron-momentum-transfer collision frequency greatly appreciated.
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We investigate equilibria and compression of thin electron rings in cylindrically sym-
metric guide fields. It is found that particle energies are smaller and ring radii differ-
ent from values obtained ignoring self-fields.

In recent years there has been considerable conditions is
interest in the generation of relativistic electron
rings.r”” Here the compression and final equilib-
rium of a thin ring is considered in a guide field
of cylindrical symmetry describable with the vec-
tor potential Ay =A (uniform field, mirror field,
betatron field, etc.). The effect of the electric

and magnetic self-fields of the ring can be signif-

H=c[m?c?+P 2 +P 2 +(P/r—qAP]** +q9, (1)

where A(7,2)=A,+A,. A, is the known guide
field; A, is the ring-field vector potential. For
a thin ring one has that P2 +P 2 «<m?c®* +(P /7
—gAY ~y*m®c?, and one may expand Eq. (1) as

icant in determining the final equilibrium parti- H=(2my) (P2 +P ) +9, (2)
cle energy, ring radius, and cross section. All where

ring electrons are assumed to have the same P/reqA\ |12

canonical angular momentum Py =P, which is 1) =mc{1 +<T> :' +q@ (3)

conserved during compression.
The Hamiltonian of an electron for the above [ is an effective potential with a minimum at » =R,

the ring radius. This may be determined from
(3 _1(B_ NP ?A) P/R—q.Aﬂ“”z 29
0 —<67>R m <R —qA>(R2 T4 87, [1 +< mc Y (4)

where A, 0A/87, and 9¢/97 are to be evaluated |
at »=R. The ring current

A=A,+A, and (6) we obtain

A(R)= % <£-A0>o (1)

N (P
I, =qNvg= ;q—n/l—<‘—qA> (5) x +y\Rq

R
For a thin ring, one finds to lowest order that

_ K 8R)
A=t fo(a,wn(O >d;b6d6, 8)

determines A, with

A(R) :u:f‘-(kli-,q), 6)

e where & and ¢ are polar coordinates in the ring
cross section, and o(9, ) is the normalized cur-
rent distribution.

One may further show that in the same approxi-

where N and X are the electron number and ring
inductance per unit ring length, respectively,
and x is the dimensionless quantity A¢?N/m. From
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