It will be interesting to see whether
future studies reveal exceptional com-
positions in other meteorites. A suit-
able starting point in the search for such
objects would be meteorites that are
similar to Butler in Ni content and
structure. The Prior-Hey catalog indi-
cates that Tazewell, Cowra, Laurens
County, and Victoria West might be
suitable. We have studied the first two
of these objects and find that they
are anomalous in the sense that they
are not members of the known Ga-Ge
groups, but do not show exceptional
metal/Ni ratios. We plan to study the
latter two objects as soon as samples
can be obtained.

Joun T. WassoN
Department of Chemistry and
Institute of Geophysics and Planetary
Physics, University of California,
Los Angeles 90024
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Stokes Parameters for 1665-Megacycles-per-second
Emission from OH near Source W3

Abstract. The Stokes parameters were measured as a function of frequency
for the anomalous 1665-megacycles-per-second OH emission originating near
the thermal radio source W3. The emission is highly polarized, and the polariza-
tion parameters vary rapidly with frequency. The observed polarization can be
described in terms of narrow, roughly Gaussian, emission features, all with
uniform polarization but with several features overlapping without coherence
near the center of the spectrum. Most of the individual features may be 100-
percent polarized. Detailed examination of the brightest features suggest that they

are not exactly Gaussian in shape.

The anomalous 1665-Mc/sec spectral
line emission from OH near source W3
has been observed to be partially linear-
ly polarized (7). Subsequent observa-
tions of right and left circular polariza-
tion from this source (2) revealed that
all four of the OH transitions at 1612,
1665, 1667, and 1720 Mc/sec produce
features in the emission spectrum with
predominantly circular polarization.
Linear and circular polarization in the
1665 Mc/sec emission from the W3
source have also been observed (3).

We now report measurement of the
Stokes parameters as a function of fre-
quency for the 1665-Mc/sec OH emis-
sion near W3. The polarization param-
eters—ellipticity, ellipse position angle,
and degree of polarization—are com-
puted, and their rapid variation with
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frequency is described in terms of a
simple model.

The polarization properties of an
electromagnetic wave are completely
specified by the four Stokes parameters
(4), which may be determined from
measurements of the intensities of the
wave with four independent polariza-
tions. If I(¢) is the intensity for linear
polarization at a position angle ¢, and
if I(R) and I(L) are the intensities for
right and left circular polarization (5),
then the Stokes parameters are defined:

So = I(0°) -+ 1(90°) = I(R) 4 I(L)

S =1(0°) — 1(90°) (1)

Se = I(45°) — I(135°)

Ss = I(R) = I(L).
These parameters have such a property
that the polarization of an incoherent
superposition of waves is described by

Stokes parameters which are just the
sums of respective parameters for the
separate waves. Other parameters de-
scribing the polarization can be ob-
tained from the Stokes parameters thus:
The position angle ¢ of the major axis
of the polarization ellipse is given by

tan (2¢) = S»/S1 )

The amplitude ratio of minor to major
axes, b/a, for the polarization ellipse
is expressed as

tanx = = b/a 3)
where

sin 2x = S5/ VS + S + S )

and the plus sign in Eq. 3 applies to
right elliptical, and the minus sign to
left elliptical, polarization. Finally the
degree of polarization P is obtained
from

P=vSZ+ S5+ 87 /8 &)

It is convenient to work with the Stokes
parameters because of their additive
property, but the ellipse position angle
¢, the ellipticity %=b/a, and the degree
of polarization P, as we have defined
them, yield somewhat better physical
insight.

Polarization parameters for the 1665-
Mc/sec OH emission. were measured
with a 120-foot (37-m) parabolic an-
tenna (6) between 28 November and
9 December 1965. Observation of vari-
ous linear and circular polarizations
with a single system enabled complete
determination of the polarization pa-
rameters of the spectral features as
functions of frequency, or, equivalent-
ly, as functions of radial velocity rela-
tive to the local standard of rest. At
this OH-transition frequency a radial
velocity of +1 km/sec gives a Doppler
shift of —5.555 kc/sec.

The spectral-line radiometer used for
these measurements included a 100-
channel digital autocorrelator and a
room-temperature parametric amplifier.
The autocorrelator was tied directly to
a real-time computer which produced
plots of the observed spectra immedi-
ately after each integration period.
Most of the observations were made
with a 1-kc/sec frequency resolution,
but the brightest features were also ex-
amined with 200-cy/sec resolution. The
overall system temperature was 320°K
for linear-polarization measurements
and 360°K for circular polarization.
The increased system temperature re-
sulted from a network that combined
horizontal and vertical linear polariza-
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tion to produce the circular polariza-
tions. The observed antenna tempera-
tures for Cassiopeia A continuum emis-
sion were 240° and 180°K for linear
and circular polarization, respectively.
The isolation of right and left circular
polarization was greater than 15 db,
and the half-power beam width was 22
minutes of arc.

The spectral line measurements con-
sisted in part of a series of 30-minute
integrations, each covering a spectral
width of 40 kc/sec with an equivalent
filter width of 1 kc/sec. Two 40-ke/sec
windows, overlapping in frequency,
were used to measure the 1665-Mc/sec
emission spectrum of the W3 source
over a total spectral width of 64 kc/
sec; thus the central interval, 16-kc/sec
wide, received twice the integration
time of the outer intervals. All measure-
ments were made by comparing the
antenna temperature with a room-tem-
perature load. The linear-polarization
measurements were made with horizon-
tal polarization, and the variation of
position angles was provided by earth
rotation, which gave more or less uni-
form coverage over a 225°-interval of
position angles during the observation
period. The linear-polarization mea-
surements were made between 28 and
30 November 1965 between 2000 and
0600 hours E.S.T. No corrections were
made for Faraday rotation, on which
the upper limit at OH frequencies, based
on radar-lunar measurements (7), is
about 5° during daylight hours; at night
it should be smaller by a factor of one-
third or one-sixth.

The data from each spectral measure-
ment consisted of 161 values of the
antenna temperature corresponding to
equally spaced Doppler frequency off-
sets relative to the local standard of
rest. If T,;; represents the antenna tem-
perature for the it spectrum (1 ==
N) with frequency offset Ay, then the
determinations of S, and S, from cir-
cular-polarization measurements follow
from Eq. 1:

N
So(Av,) = N° E [T:)(R) + T4y (L)] (6)
i—1
N
Si(Ary) = N+ Z [Ti;(R) — Ty (L)] (7)
i=1

The linear measurements were reduced
by the method of least squares so that

N
Y [T — A, — B, cos2 (e — )7

i=1
= minimum (8)
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Table 1. Parameters for 1665-Mc/sec OH emission features. Radial velociﬁes are relative

to the local standard of rest.

Radial ; Width, Lo Ellipse Polari-
velocity Ma"(‘i“ﬁ‘)’“ Ta half-max. le_l,fp Igl/c;t)y position zation Comment
(km/sec) (km/sec) - angle (deg) (%)
—49.13 11.0 0.27 —0.75(=*+.1) 170(£30) 51(%3) Isolated feature
—46.39 28.0 .68 — .93(=.07) 10(x10) 100(—6) Slightly overlapped
feature
—45.42 35.0 .55 — .84 65 100 Parameters from
model
—45.13 50.0 45 + .65 55 100 Parameters from
model
—44.55 16.0 .50 - .70 105 100 Parameters from
model
—43.73 30.0 35 + .78(+.06) 165(x10) 86(x6)  Slightly overlapped
feature
—43.08 8.0 .26 + .78(=*.2) 90(=+=14) 100(—20) Isolated feature
—41.73 14.0 .36 + .96(=.04) 110(%30) 100(—12) Isolated feature
(*=0.5 RMS) (=*.05)

In this way the three parameters A;, B;,
and ¢; were determined for each fre-
quency offset Ay, and with this de-
termination of the linear polarization
one could reconstruct the remaining
Stokes parameters S,(A y;) and Sa(A v)),
as well as obtain a redundant measure-
ment of S, (8).

This complete analysis was per-
formed with a digital computer that
used magnetic-tape recordings of the
observed spectra as input. The root-
mean-square (RMS) errors in the
Stokes parameters were computed by
taking independent samples of the base-
line fluctuations at the high- and low-
frequency ends of the computed
S (A v;). It should be remembered that
these estimates are conservative for
the central portion of the spectra where
the integration time, as previously
noted, is twice as long.

Figure 1, a and b, shows the Stokes
parameters plotted as a function of
radial velocity, with the RMS errors
and frequency resolution specified. In
Fig. 15 the antenna temperature scale
is expanded by a factor of two from
that in Fig. la. It is clear from these
curves that the polarization is primarily
circular, progressing from totally right
circular on the right side of Fig. la to
totally left circular for the feature just
to the left of the central maximum.
Figure 1b shows that the amount of
linear polarization is relatively small by
comparison. The polarization behavior
across the central maximum is evident-
ly very complex.

Once the Stokes parameters have
been determined, it is desirable to use
them to compute the ellipticity, the
ellipse position angle, and the degree
of polarization for the emission spec-
trum. These last three parameters, how-
ever, are not proportional to the re-
ceived signal and can be determined

only when the signal:noise ratio is
sufficiently high.

Equations 3—5 were used to compute
the ellipticity =b/a and the degree of
polarization P. The ellipse position
angle ¢ was determined as a parameter
in the least-squares fitting procedure
(Eq. 8). The RMS errors associated
with these three parameters were com-
puted by estimating the RMS errors in
the Stokes parameters and assuming
linear error propagation. The polariza-
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Fig. 1. Polarization parameters for the

1665-Mc/sec OH emission near W3. a and
b, Measured values of the Stokes param-
eters. The points plotted in ¢, d, and e
were computed from the Stokes param-
eters. Solid lines represent values derived
from the model from —46 to —44 km/
sec, or best estimates (otherwise derived)
of the parameters.
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Fig. 2. The OH spectra of two bright fea-
tures observed with high resolution.

tion parameters and the RMS error
bars are shown in Fig. 1, ¢, d, and e.
The plotted points here are separated
by an equivalent filter width in fre-
quency, so they represent independent
measurements. The large errors are as-
sociated with low signal:noise ratios,
and no points are plotted when the er-
rors become excessive.

The polarization parameters in Fig.
1 show continuous variation around the
central maximum, but outside this re-
gion of variability the polarization
parameters appear to remain constant,
within experimental error, across the
individual emission features. We have
used a simple model to describe the
variability of the polarization param-
eters in the region of the central maxi-
mum. This model assumes that there
are three incoherent emission features
in the radial-velocity interval —46 to
—44 km/sec. These features are as-
sumed to be 100-percent polarized and
to have Gaussian profiles. The polariza-
tion variability then results from in-
coherent superposition. The problem of
fitting this model to the observed polari-
zation parameters in the region of the
central maximum is not simple. Five
parameters are necessary to specify the
center frequency, width, peak intensity,
and polarization of each feature. These
parameters were obtained by repeated
trial and error with a computer pro-
gram that combined trial values of the
Stokes parameters in this model and
plotted the resulting polarization pa-
rameters, with the observed data super-
imposed. The solid curves in Fig. 1,
¢, d, and e, show the best fit obtained
by this procedure. The parameters that
produced this fit are given in Table 1,
which also includes the corresponding
parameters for all features in the spec-
trum shown in Fig. 1. The overall
agreement is good between the ob-
served data and the model in Fig. 1,
¢, d, and e, but the small discrepancies
may be large compared with the RMS

9280

error bars on the data points. We ‘be-
lieve that these discrepancies result
from the following causes: (i) the fea-
tures are not exactly Gaussian in shape;
(ii) the resolution of 1 kc/sec is not
quite sufficient to resolve completely
the spectrum of the source; and (iii)
the cut-and-try fitting procedure did not
produce the best-fit parameters. In gen-
eral, this simple model does indeed
appear to fit the observed variations in
polarization parameters.

Outside the interval —44 to —46
km/sec, in which an overlap of 100-
percent polarized features is assumed
to account for P < 1, only two of the
remaining five features are significantly
less than 100-percent polarized. The
feature at —49.1 km/sec is 51-percent
polarized (=3 RMS error) and the
feature at —43.7 km/sec is 86-percent
polarized (= 6 RMS error).

It has been proposed (3) that the
Zeeman effect may account for this
spectrum, but the identification of Zee-
man components suggested does not
appear consistent with our observed
polarization parameters and the results
in Table 1. We cannot, of course, say
on the basis of our measurement that
no combination of simple Zeeman com-
ponents can produce the observed
spectrum for the 1665-Mc/sec transi-
tion. But the circular-polarization ob-
servations of the other three OH transi-
tions from the W3 source by Barrett
and Rogers (2) appear to rule out a
simple interpretation of this 1665-Mc/
sec spectrum in terms of Zeeman split-
ting.

The attempt (just described) to fit the
observed spectra with Gaussian features
disclosed small but significant devia-
tions from a best-fit Gaussian curve. In
particular, the bright feature centered
at —46.4 km/sec showed uniform po-
larization parameters but could not be
fitted exactly with a Gaussian. To ex-
amine the shape in more detail, the
spectrum from —45 to —47 km/sec
was observed with a resolution of 200
cy/sec, with left circular polarization;
Fig. 2 shows the resulting spectrum,
with the 1-kc/sec spectrum superim-
posed. The two features in this figure
appear to be well-resolved with the
larger equivalent filter width. The agree-
ment is consistent with the expected
RMS fluctuations in the 200-cy/sec
data, but the feature shape from —47
to —46 km/sec is significantly non-
Gaussian; it has an asymmetric peak
and falls off much more rapidly around
—47 km/sec than a Gaussian with the
observed width at half maximum. Pos-

sibly, of course, this feature may be
decomposed into two or more Gaus-
sians, but the observed 100-percent po-
larization requires that all features in
the decomposition have the same po-
larization parameters.

The spectrum of the 1665-Mc/sec
OH transition observed near W3 shows
the bright, narrow, emission features
that are characteristic of the anomalous
emission associated with interstellar gas
clouds near H II regions. Detailed ex-
amination of the polarization param-
eters shows that the spectrum can be
interpreted as an incoherent superposi-
tion of emission features, each with po-
larization parameters that are constant
across the feature. The features are
roughly Gaussian in shape, but with
some significant deviations. Altogether
eight features appear to be present in
the spectrum, but some additional low-
level emission may be present, particu-
larly in the interval —49 to —47 km/
sec. Three emission features are 100-
percent polarized within the observa-
tional errors. Three other features,
which overlap in frequency, are consist-
ent with a model in which the features
themselves are 100-percent polarized
and the observed degree of polarization
is a consequence of an incoherent
superposition. The two remaining fea-
tures are not obviously overlapped yet
give P <1; however, some overlap
with low-level emission may be present.
Generally the observations are consist-
ent with a superposition of 100-percent
polarized features that are mutually
incoherent. The observed polarization
varies continuously from left circular,
through linear to right-hand elliptical,
and back to left-hand elliptical between
radial velocities of —46 and —44 km/
sec. The model simulates this behavior
with features that are elliptical, with
ellipticity |b/a| = 0.65, or equivalently
with linear polarization amounting to
41 percent or less.

The mechanism producing these fea-
tures is not clearly understood. How-
ever, the description of the emission in
terms of our simple model enables the
conclusion that the 1665 Mc/sec emis-
sion near W3 is not qualitatively differ-
ent from that of the other three transi-
tions, notwithstanding the observed
variations in the polarization param-
eters as a function of radial velocity.

The deviations from Gaussian shape
may be a consequence of the line-
narrowing characteristic of maser am-
plification processes in which saturation
occurs (9). Several schemes for obtain-
ing population .inversion of the appro-
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priate OH energy levels have been
proposed (10, 11); the only one that
leads directly to circular and elliptical
polarization is that of Litvak et al. (11).
M. L. MEEKs, J. A. BaLL
J. C. CarRTER, R. P. INGALLS
Lincoln Laboratory, Massachusetts
Institute of Technology, Lexington
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Implantation in Interplanetary Dust of Rare-Gas Ions

from Solar Flares

Abstract. Measurements of excess Ar3¢ + Ar#® (released mainly at 1200°C)
in magnetic concentrates of Pacific sediments and in a dense concentrate of
Greenland dust agree within an order of magnitude with expected concentrations
implanted by solar-flare ion streams of energy less than 10 Mev per atomic-mass
unit. The agreement implies that more than 10 percent of each concentrate may
be extraterrvestrial, depending on size distribution and flare spectra. Rare-gas
measurements on fine-grained dust can provide data on: solar-flare “palec-ion”
fluxes, energy spectra, and isotopic abundances; identification, mineralogy, and
chemistry of interplanetary dust; influx rates to Earth and sedimentation rates
of oceanic cores; and lunar-surface residence and mixing times.

An approximation of the flux of solar-
flare protons in interplanetary space
was derived from measurements of
A126 in oceanic sediments (/). Meas-
urements of solar-flare ions stopped in
extraterrestrial material are an alterna-
tive source of information about aver-
age flare ion fluxes in space, and the
rare gases are ideally suited for this
purpose. I shall summarize some recent
mass-spectrometric measurements bear-
ing on this problem, present calcula-
tions of expected concentrations of the
rare gases implanted from a solar-flare

Table 1. Minimum excess argon, assuming
that all Ar% is atmospheric whenever Ar*:
Ar® is less than the ratio in air, that
there is no excess Ar®* whenever Ari: Ar®
exceeds the ratio in air, and that Ar®®: Ar®
equals the ratio in air.

Minimum excess argon (107 cm3g! at STP)

Ar® Ar® 4+ Ar®
Three marine sediments (magnetic fraction)
7(2) 8(2)

8 9.5

6 7
Greenland dust (dense fraction: p > 3.2)

8 11
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source, and compare observed concen-
trations with expected values.

Figure 1 presents measured Ar#0:
Ar?¢ ratios found in argon released
during successive 1-hour heatings from
four concentrates—three magnetic con-
centrates of a Pacific red clay and a
high-density concentrate (o > 3.2) of
particulate matter from Greenland ice.
The solid line represents Merrihue’s
initial discovery of a red-clay concen-
trate with Ar?®: Ar3¢ lower than the
value of 296 found in air (2). All the
concentrates have argon, released at
one or more temperatures, with an
Ario: Ar36 ratio of 235 or less; the
argon from each appears to be a mix-
ture of radiogenic Ar*® from potas-
sium, excess Ar3¢ -+ Ar’8 and at-
mospheric argon (2, 3).

At all temperatures with observable
Art0 : Ar36 anomalies, the Ar36: Ar?8
ratio was indistinguishable from that in
air. There is no strong positive evi-
dence of argon or other rare-gas
isotopic anomalies produced by cosmic
ray-spallation nuclear reactions in any
of the concentrates. The apparent mini-
mum excesses of Ar3¢ and Ar6 -

Ar38 have been calculated (Table 1)
and are strikingly similar.

Table 2 compares data on He* and
Ne20 released from the dense
Greenland sample with similar findings
by Merrihue in a magnetic sample of
Pacific sediment (2). The range of 20
to 40 mg/cm?2 for o-particles emitted
by nuclides in the U and Th decay
chains will cause loss of radiogenic
Het* from small grains. The K-A age
of the Greenland concentrate is 25
times greater than that of the sea-
sediment concentrates, yet the latter are
the richer in He*. Although there is
no positive evidence of correlation of
He* concentration with apparent age,
U and Th have not been measured.
Here we shall neglect radiogenic He*.

The He*:Ne?® ratios at 500° to
600°C are approximately the same as
the relative “cosmic” abundances. The
evident similarities of amounts of ex-
cess argon, of high-temperature argon
isotopic ratios, and of amounts of
500°C helium and neon all emphasize
the worldwide occurrence of the rare-
gas abundance patterns.

No terrestrial samples having this pat-
tern of rare-gas abundances or these
subatmospheric Ar#9: Ar®6 ratios have
yet been found; nor is there a plausible
terrestrial mechanism for explaining
these observations. Three extraterrestrial
mechanisms have been suggested (2,
3) to explain these observations in
fine-grained material from low-accu-
mulation locations. A solar flare source
was one such suggestion. '

The only mineral detectable in com-
mon by x-ray diffraction in concen-
trates from both geographic locations
is magnetite. Fine-grained magnetite is
a plausible extraterrestrial material (4),
and sufficiently fine-grained material of
low velocity (5) penetrates the atmos-
phere without melting. In view of the
lack of major isotopic fractionation of
excess Ar36 and Ar3%, and the lack
of major elemental fractionation be-

Table 2. Releases
various temperatures.

of He* and Ne* at

Release (cm3gt at STP)

(100°C) ~ Het New  He':Ne®
(X 10-%) (X 107%)
Greenland dense, p > 3.2
5 5.2 1.2 420
8 0.94 7.0 13
10 .07 7.0 1
12 < .01 5.0 < 02
Pacific magnetic (2)

6 6.1 1.3 470
10 9.1 4.0 230
14 0.29 1.0 29
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