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show that the apparatus is, in fact, capable of detecting delayed
coincidences due to a 6nite lifetime. The shape of the resulting
curve {not shown) was compatible with the 0.304-psec. half-life'
of ThC'.

In order to set an upper limit on the mean life r of the 411-kev
excited state of Hg'" the P-pulse delay portion of the Au"'
resolution curve has been plotted on a semilogarithmic scale in
Fig. 2. The roughly exponential fall-o6 of the experimental curve is
common to the results for Co", Cs'", and Au'"' and thus is instru-
mental. A dashed line in Fig. 2 indicates the shape the curve would
have if the mean life of the Hg" excited state were as long as
3)&10 ' sec. Figure 2 demonstrates that the mean life r of the
411-kev excited state of Hg"s is less than 3X10 ' sec.

An incidental result is that the excited states of Ni" and Ba'~
which are concerned in y-y-coincidences from Co" and Cs'",
respectively, all have mean lives shorter than 3)&10 ' sec.

MacIntyre's result for the mean life (2.3+0.2&(10 8 sec.) can
probably be explained by the fact that he compared P-y-coinci-
dences from Au'" with those from Na". The pulses from Na"
&-rays (1.38 and 2.76 Mev) would be many times larger than
those from Au" y-rays (0.411 Mev): in a coincidence system
using ampli6ers of 6nite rise time the result would be a greater
lag in the detection of the Au'" p-ray pulses and consequently an
apparent Gnite lifetime of the Hg'" excited state,
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CONSIDERABI. E interest centers on the problem of produc-
ing a system containing nuclei in a reasonably well-ordered

state of alignment in space. Such a system makes possible studies
of angular dependence of the scattering and absorption of polarized
nucleons and of angular distributions in radioactive decay, rela-
tive to the spin axis of the nuclei. ' '

The most direct method of achieving a net alignment is to
place the substance in a magnetic 6eld Ho. If thermal equilibrium
exists between the spin system and its surroundings, a Boltzmann
distribution of the spins over the 2I+1 equally spaced energy
levels results, with the lowest level, corresponding to the spin
nearly parallel or antiparallel to the Geld, becoming most heavily
populated. Practical difhculties are presented by the fact that the
nuclei must be put into an extreme)y strong Geld and at the same
time must be in thermal contact with a paramagnetic substance
in a weak 6eld, because a reasonable degree of orientation is
achieved only at the lowest temperatures so far attainable by
adiabatic demagnetization, with the nuclei in the strongest field
obtainable. A somewhat simpler method may be available for
nuclei of paramagnetic ions, which may be oriented by the intense
Gelds of the oriented ions themse)ves, at low enough tempera-
tures. 3' In both cases the sample containing the nuclei must be
kept in a 6eld while the other experiments are performed lest
random orientations be resumed.

The purpose of this note is to outline an experimentally less
difBcult method by which a partial alignment of nuclei might be
achieved. It is known that the 2I+1-fold degeneracy of a nucleus
can be partially lifted through an interaction between the nuclear
electric quadrupole moment and a crystalline electric 6eld having
axial symmetry. @6 The component mt of angular momentum
along the axis becomes a good quant:um number, in the absence
of a strong magnetic interaction, although levels differing only in

sign of mg are not separated. So far, because of difhculties at-
tendant on 6nding suitable samples, only moderate quadrupole
splittings have been found, such as the 720 kc/sec. in A1203.6 On
the other hand, it must be expected that very much larger split-
tings exist in, for instance, crystals composed of molecules having
p-type covalent bonds. ~ One would expect, in fact, splittings of the
order of hundreds or thousands of megacycles as in gaseous mole-
cules' because the gradient of the electric 6eld at the nucleus is
determined by the other nuclei and the electrons of the molecule
itself (in contrast to the situation in ionic crystals where the ion
containing a nucleus is primarily in a singlet S state and probably
contributes little to the gradient of the electric Geld at the nucleus).

A crystal having quadrupole splittings of this order of magnitude
need only be brought into thermal equilibrium with a substance
that has been adiabatically demagnetized to a temperature of a
few hundredths of a degree and the nuclei will fall into the lowest
energy levels. This would mean either the highest or lowest ab-
solute values of the component of the nuclear spin along the major
axis of the tensor grad I at the nucleus would predominate.
Either case could be found depending upon the sign of the quad-
rupole coupling constant eQ(8'V/8s'). Therefore, the nuclei
would be aligned, respectively, either simultaneously almost
parallel and antiparallel to this axis in the molecule, or precessing
nearly in a plane perpendicular to this axis. If the molecules could
be crystallized in such a way that this axis was alike for all, one
achieves a certain kind of nuclear orientation. A fairjy sizable
single crystal or some technique of orienting small crystals would
give the desired result if the crystal does not contain non-equiva-
lent orientations of the molecules, with respect to the crystal axes.

Although the kind of alignment resulting is not as unambiguous
as in the magnetic alignment, several advantages are apparent.
In radioactive emission, anticipated angular distributions involve
even powers of cos 8, for which, if true, the ambiguity is not a
disadvantage. The thermal contact with the paramagnetic sub-
stance may be easier to achieve because the nuclear sample can
be put into the magnetic Geld while the paramagnetic magnetiza-
tion and adiabatic demagnetization are performed. This is so
because the magnetic splittings are only small perturbations on
the electric ones. If the crystal containing the nuclear sample it-
self could be made also to contain the paramagnetic ions, the
thermal contact could be very strong, and the paramagnetic ions,
by their relaxation processes, could help to bring about thermal
relaxation of the nuclear system. Once thermal equilibrium is
established the sample may be completely removed from the
magnetic 6eld, simplifying some of the experiments on the
aligned nuclei.

To 6nd such a high frequency splitting and to demonstrate the
temperature of the spin system, ordinary nuclear paramagnetic
resonance experiments at moderate frequencies can be of as-
sistance. Vhth an odd half-integral spin, one could observe the
resonance absorption in the transition betw'een the still degenerate
levels mt= +~, when the degeneracy is removed by a magnetic
field. If the axis of symmetry of the electric 6eld lies along the
magnetic field, one expects to 6nd a resonance line at the fre-
quency corresponding to the normal gyromagnetic ratio, but, if
the quadrupole splitting is strong, the frequency would be very
sensitive to a small angular displacement from this position. By a
perturbation calculation, regarding the Zeeman energy as a small
perturbation on the large quadrupole energy, one can Gnd the
amount of the quadrupole splitting.

If the intensity of the line is observed as the temperature is
reduced to such a degree that kT&hv where v is the quadrupole
splitting frequency, either of two things will occur, determined by
the sign of the quadrupole coupling constant. If the ml=~g
levels are the lowest, then the line would get more intense as 1/T
until a critical temperature is reached where a fairly pronounced
increase in intensity would accompany the preferential population
of these states. If mr= &I are the lowest, the observed line would

go through a maximum and then decrease as the mr= ~$ levels
become depopulated.
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Preliminary experimental work directed toward this end isunder-
way. Details of the calculations of quadrupole interactions in
fields of axial symmetry will be published elsewhere.
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varies Vg and determines I~ and V~, the potential diGerence
between the probes.

A typical plot is shown in Fig. 1.These data were obtained in an
argon-filled hot-cathode diode, 100 @sec. following the interrup-
tion of a discharge.

From the equality of the total electron and ion currents to the
probes, it follows that:

—1 =k exp) —11,600(V&/T, )g=r,l„g+I„2
$80

where
k= (A i/A2)(j01/jog) exp!:+11,600(V /T. )j (2)

A & and A2 are the areas of probes 1 and 2. jo& and jo2 are the ran-
dom electron current densities at probes 1 and 2. u2, the electron
current to probe No. 2, is equal to the difference between Iq and
I». The other symbols are defined in Fig. 1. The slope of log j. es.
Vq yields T,. Figure 2 is a plot of (1) for the data of Fig. 1. For
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'HE single-probe method of Langmuir and Mott-Smith' is
not well suited for measurements in time-varying dis-

charges and in particular not in decaying plasmas following the
interruption of a discharge. In the latter case this follows from
the fact that efforts to operate the probe above plasma potential
are defeated by the fact that the plasma potential constantly
recedes so as to maintain itself positive with respect to the probe.
The use of two probes connected in a Boating circuit overcomes the
difBculties of the single-probe method and permits the determina-
tion of such quantities as electron temperature and density in
both steady and time-varying discharges. Dow' has described a
double-probe method for determining the electron temperature in
the ionosphere. He appears to do this from values of i, very close
to the regions of VD~ or VD2 only (see Fig. 1).In these regions, the
method appears to be less accurate and uses data which are gen-
erally discarded in the method here described.

Two probes are connected together through a resistor and a vari-
able potential source Vz. The entire measuring system is per-
mitted to Boat. Sy means of a scope across the resistor, the in-
stantaneous current ID can be determined. In practice one

lo

.05

N
CL

M I
~J

IP VO

0 ~ ~

ylp

4

.02

00 0.2. -OI & I 0
Yo

O. l

(VOLTS)

-l.00

VOLTS

-25 -.50 -.25

PR

.5O .V5 ao
Vo

FIG. 2. Logarithmic plot for determination of electron temperature.

this case, T,=1065'K. The linear regions beyond I„~ and I» in
Fig. 1 correspond to saturated ion current only, to one probe or the
other. Since the current to one of the probes in these regions is
purely ionic, the current Bow is generally determined by space
charge and not by orbital-limited-current relations. '

A more rapid determination of T, can be obtained from Fig. 1,
and the relation

T,= 11,600G(1—G) (d Vg/dIg) vg~(I»+I „2),
where

$Ze2$ V~~
II)+I»

FIG. 1. Current es. voltage characteristic of floating
double-probe system immersed in plasma.

If the slope of the regions of positive ion saturation is con-
siderable, then in place of I» and I» one uses quantities obtained
as follows: Extend the positive ion saturation curves linearly as
shown in Fig. 2 and use for I„~and I„2, the ordinates at points I of


