between meteorites and aluminum.
Column 3 of Table 1 gives the results
of these corrections (factors of ~ 2.5
for each), and Fig. 3 presents a com-
parison of theory and experiment. We
see from Table 1 that solar modula-
tion has been responsible for variations
from the Apollo 8 mission to the Apollo
16 mission by a factor of 5; shielding
differences at different positions caused
differences of a factor of ~2.5.
These two factors thus explain the ap-
parent discrepancy between our results
and those of Benton and Henke (9).
The total doses of particles in the
Apollo 14 and Apollo 16 command
modules are higher but comparable to
that in the Apollo 8 command module
and presumably would cause the killing
of a number of cells comparable to
our calculation (I) for that mission.
Even for the giant cells, the fraction
killed is probably trivial, less than 500
cells per 108. However, relevant to a
Mars-like mission (of ~ 2 years in dura-
tion), cellular damage would be exten-
sive—as great as ~ 3 percent for the
Apollo 16 flux level. The inadvertent
reductions by a factor of ~ 2.5 in flux
as a result of differences in shielding
presumably could be enhanced by judi-
cious planning and rearrangement of
needed mass to provide optimum shield-
ing at particular positions which the
crew would occupy during most of a
long voyage.
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Temporal Constancy of Zodiacal

Abstract. Measurements over a 4-year
failed to show any temporal variations in

of zodiacal light.

The zodiacal light is a faint glow of
light along the zodiac (or ecliptic) pro-
duced by the scattering of sunlight by
particles in the solar system. Our satel-
lite observations undertaken to search
for temporal changes in the brightness

“have revealed a remarkable constancy

of the phenomenon. Observations of
the surface brightness and polarization
of the zodiacal light had been made for
many years without apparent conver-
gence between the results obtained by
different workers (I). An evaluation of
ground-based measurements of the sur-
face brightness of zodiacal light at the
north ecliptic pole shows a range of
more than a factor of 3 in the values
obtained by different observers (2), and
variations of a factor of 2 sometimes
occur in the results of a single group
(). 1t is therefore difficult, and virtu-
ally meaningless, to intercompare the
observations for an indication of tem-
poral changes in zodiacal light, while
the magnitude of the variations in a
single set of data makes it difficult to
credit small changes reported from such
results. Nevertheless, many papers have
been written on the variations of zodia-
cal light intensity, at constant ecliptic
coordinates, over periods of days and
years; these purport to show evidence
for a correlation between the surface
brightness and magnetic storms, lunar
phase, the position of Comet Encke,
an annual cycle, and the 11-year solar
activity cycle.

During the last few years measure-
ments from balloons (3, 4), rockets
(5, 6), and satellites (7-10) have begun
to reduce the inconsistency between dif-
ferent observations of zodiacal light.
Balloon observations eliminate the need
to subtract the contribution to the
measured light made by the tropo-
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Light

period from the satellite OSO-5 have
the surface brightness and polarization

spheric scattered component; a compari-
son of satellite and ground-based mea-
surements indicates that the latter gen-
erally suffer from a systematic positive
error, perhaps due to incorrect sub-
traction of the component scattered in
the earth’s atmosphere (8). Measure-
ments above about 150 km further
eliminate most of the problems of air-
glow subtraction, although airglow can-
not be entirely discounted above this
altitude (2, 7), and it has been mea-
sured during one zodiacal light experi-
ment from a satellite (17). A single
rocket (or balloon) experiment cannot
attempt to define temporal changes in
the zodiacal light; however, an experi-
ment on a satellite is in a unique posi-
tion to do so.

The Minnesota experiment on the
Orbiting Solar Observatory satellite
0SO0-5 has made it possible to compare
measurements of the surface brightness

-and polarization of the zodiacal light

with a single instrument over a time
span of years. The satellite was
launched in January 1969 and turned
off in January 1973. During that 4-
year period observations were taken
throughout most of the new moon
periods until the moon, if risen, was
within 50° of the field of view of the
photometers. A description of the ex-
periment has been published (12).
Several observers have reported
changes in the zodiacal light associated
with magnetic activity. A measure of the
magnetic disturbances at the earth are
the geomagnetic indexes Kp and ZKp.
Blackwell and Ingham (I/3) correlated
an increase in the surface brightness of
the zodiacal light with Kp (the planetary
3-hour range index) during a strong
magnetic storm in July 1958; Asaad
(14) found a decrease in the surface
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brightness with =Kp (the daily sum of
the Kp values), although the degree of
polarization showed an increase. He
attributed this change to the effect of
the solar wind or to alignment of
particles by the interplanetary magnetic
fields. We consider it more likely that
any change in zodiacal light attributable
to solar flare effects would be due to
Thomson scattering from the increased
interplanetary electron density occur-
ring at these times. Such changes should
be more readily apparent in the polar-
ized component of the zodiacal light,
where one does not have to overcome
the errors associated with removal of
the integrated starlight from the mea-
sured surface brightness.

During the period 1969 to 1973, we
have failed to find any change in the
polarized component (or in the surface
brightness) of the zodiacal light that we
could attribute to solar activity; this
interval included 20 magnetic storms
with =Kp > 30 at times when a com-
parison was possible. One of the storms
(in August 1972) was reported to be
due to the largest flare in the current
solar activity cycle (I5). During this
storm no changes in the polarized
component of the zodiacal light were
observed to a limit which corresponds
to a change in the electron density of
3 cm—3 in a plasma cloud of thickness
1 A.U. This limit is not far above that
detected in a number of the sudden
electron density changes reported from
the Stanford radio propagation experi-
ments with Pioneer 7 (16). The values
of the intensity of the polarized com-
ponent measured during the period 25
July to 12 August 1972 are shown in
Fig. 1. The index 2Kp reached 60 on
5 August. There is no evidence of
significant changes associated with
either the magnetic storm or the lunar
cycle (the new moon was on 9 August).

Since Fesenkov (I7) suggested the
possible existence of a circumterrestrial
dust cloud some 50 years ago, the
subject has remained somewhat con-
troversial. The existence of such a
cloud has been used to explain the cor-
relation found between Ilunar phase
and zodiacal light intensity (78) and
between the position of the axis of zo-
diacal light and the ecliptic latitude
of the moon (19). In order for such
correlations to be real, the bulk of the
dust responsible for the zodiacal scat-
tering must be situated within the
earth-moon gravitational system. Gil-
lett (3), from observations made by
080-2, found that he could not de-
tect a contribution to the zodiacal light

3 AUGUST 1973
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-1 Fig. 1. Polarized
amplitude of zodia-
-1 cal light in units of
brightness of mag-
nitude 10 stars per
square degree [Swo
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measured during
- the period 25 July
to 12 August 1972.
The index =Kp was
50, 60+, and 47—
on 4, 5, and 6 Au-
gust. The new moon
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by a geocentric cloud to the limit of
the equivalent visual brightness of two
magnitude 10 stars per square degree
[2S;0(V)]. This result is confirmed by
the observations made by OSO-5.
Variations of zodiacal light over long-
er periods have been suggested by
Fracassini and Pasinetti (20), who re-
ported that it was possible to correlate
them with the number of comets that
appeared each year and their total
absolute magnitude. Huruhata (27) had
earlier found a yearly variation of the
brightness of zodiacal light coupled
to the position of Comet Encke. This
comet has been credited by Whipple
(22) with being the major factor in
maintaining the quasi-equilibrium of the
zodiacal cloud. During the passage of

3 9 ) U 12
Ecliptic latitude (degrees)

was on 9 August.

the earth through the node of the comet
in 1969, Roosen (23) observed what
he took to be the earth’s shadow visi-
ble in the center of the gegenschein,
which he ascribed to an enhancement
of the dust near the earth. He sug-
gested that a confirmation of the ob-
servation might be possible during the
earth’s passage through the orbit plane
of the comet in February 1971 (24).
Fracassini and Pasinetti (25) also com-
pared measurements of the brightness
of zodiacal light made by various ob-
servers at different times, and concluded
that the brightness is probably enhanced
near the maximum of solar activity.
Weinberg (/) suggested that the re-
sults reported over the period 1950 to
1967 do appear to indicate a relation
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Fig. 2. Polarized amplitude of zodiacal light in units of [S. (blue)] as a function of eclip-
tic latitude, at a constant ecliptic longitude of 90°, measured during the 4-year period
1969 to 1973. (Open circles) Southern ecliptic hemisphere; (filled circles) northern
ecliptic hemisphere; (crosses) observations during the new moon period in August
1972. The two groupings of points do not indicate a variation. They are produced
by small uncertainties in our knowledge of the orientation of the telescopes.
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between the solar cycle (indicated by
relative sunspot number) and zodiacal
light brightness.

The photometers on OSO-5 were di-
rected at a constant ecliptic longitude
(90° == 4°) but various ecliptic lati-
tudes, generally within 35° of the eclip-
tic, although excursions were made to
both the north and south ecliptic
poles. Measurements made at the same
ecliptic latitudes (in both hemispheres)
but at different times over the 4-year
period failed to show differences in
brightness or polarization that were
greater than the limits of accuracy of
the determinations (% 10 percent, in
general) as shown in Fig. 2. No evi-
dence for the influence of Comet
Encke has been obtained. Nor has any
north-south asymmetry been measured,
although the rocket observations of
Wolstencroft and Rose (6) had sug-
gested that the brightness of the south
pole exceeded that of the north pole by
about 15 percent (at the time of obser-
vation), which they interpreted as pos-
sibly indicative of the motion of the
earth with respect to the invariant
plane.

Any temporal changes in the bright-
ness and polarization of zodiacal light
appear to be below the accuracy limit
of the OSO-5 experiment. However,
the next generation of satellite-borne
zodiacal light probes may yield infor-
mation on any changes of lesser mag-
nitude (10, 26).

J. G. Searrow*, E. P. NEY
School of Physics and Astronomy,
University of Minnesota,
Minneapolis 55455
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Evidence for Fetal Antigen in Human Sarcoma

Abstract. A common antigen (S,), initially thought to be uniquely associated
with human sarcomas, has been found to be widely distributed in patients with
other tumors as well. Absorption studies with human embryonic tissues suggest
that S, may be a fetal antigen. The presence of antibody to S, in patients with
tumors and in their relatives implies a propensity in these individuals for cellular
dedifferentiation which may be a prerequisite for malignant transformation.

A diffuse cytoplasmic antigen, speci-
fic to human sarcomas, has been de-
scribed by Morton and Malmgren (1)
and Priori et al. (2) in acetone-fixed
tumor cells tested by an indirect im-
munofluorescence technique. Antibody
to this antigen has been demonstrated
in a high percentage of serums from
patients with various histologic types
of sarcomas, their family members,
and close associates. In contrast, few
serums from normal individuals have
been found to react against the same
antigen. Type C virus particles were
also reported by both groups in cells
said to be positive for the sarcoma
antigen (2, 3). These observations have
been cited as indirect evidence for an
infectious, possibly viral etiology of
human sarcomas. We have identified
an antigen in human sarcomas which
closely resembles and probably is
identical to the antigen described by
Morton and Malmgren and by Priori
et al. An extensive effort to charac-
terize the antigen and determine its
distribution among patients with cancer
has been undertaken. Results to date
indicate that while the earlier serologic
findings can be confirmed, neither the
antigen nor antibody directed against
it has as limited a distribution as the
first reports suggested. This diminishes
the likelihood that the antigen is
associated with an etiologic agent
responsible for a specific type of cancer.

Monolayer cell cultures were main-
tained in Eagle’s minimum essential
medium with 10 percent fetal calf
serum. For testing, cultures were

trypsinized and the cells were placed
on glass slides with eight antigen wells.
The slides were incubated at 37°C for
24 to 48 hours to permit cells to attach
and spread, and the cells then were
fixed with acetone. Indirect immuno-
fluorescence tests were carried out after

. the method of Goldman (4). Details

of this procedure have been published
elsewhere (5).

Initially we had considerable diffi-
culty in demonstrating this antigen,
since it is often manifest only as a low-
intensity, diffuse fluorescence. However,
in a comparison of the reactivity of
serums from sarcoma patients with
that of normal serums when applied
to the same antigen on adjacent wells
of a single slide, significant differences
became apparent. A positive reaction is
seen in Fig. 1A. The majority of cells
show a diffuse cytoplasmic fluorescence
with perinuclear accentuation. Normal
serums persistently failed to elicit any
cytoplasmic fluorescence; instead, they
often produced a nuclear fluorescence
(Fig. 1B), while the saline controls
showed no fluorescence at all. The
nuclear fluorescence is thought to be
due to nonspecific absorption of serum
globulins to the fixed nuclei. The
brightest cytoplasmic fluorescence was
seen in cells derived from benign giant
cell tumors of bone.

An earlier report by Giraldo et al.
(6) indicated that another antigen was
present in cultured sarcoma cells
characterized morphologically by a
punctate cytoplasmic distribution. This
has subsequently been referred to as
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