Table 1. Numbers of Drosophila pseiidoobscuiO ra males [among 12 Arrowhead (AR) and 12
Chiricahua (CH) pairs] mating in the upper chamber. Early matings represent only the
first half of all matings observed. Chi-square values (1 d.f.) are calculated to test for deviations from panmixia (from mating in proportion to frequency present).
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2) The features recorded telescopically are large compared with those recorded by the Mariner spacecraft. Since
Here the designation "space" indicates when there is a genuine mirnority among they represent an average over the disthe addition of somewhat less than 1 the courting males (1-5).
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spectrometer indicate the cap was detected at about 190 nm, a result that
is still compatible with a blue haze
layer.
There seems to be nothing in the
preliminary results from Mariner 6 and
7 that clearly eliminates the hypothesis
of an optically thin, particulate, scattering layer commonly referred to as "blue
haze." More complete results will, of
course, be awaited with interest.
SEYMOUR L. HESS
Department of Meteorology,
Florida State University,
Tallahassee 32306
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Conditions on Mars on 10 June
1969 provided a unique opportunity
to examine the phenomenon of blue
clearing which was very strong on that
date, but only over part of the disk.
By observing both the normal and the
"blue cleared" part of the disk simultaneously and by constructing curves
of contrast as a function of wavelength,
it is possible to show that the blue
clearing is due to an actual change
in the contrast conditions on Mars.
I obtained photometrically accurate
intensity profiles of Mars in two colors
simultaneously with a newly designed
dual-beam area scanning photometer.
An aperture (1.2 seconds of arc in
diameter) was swept across the planetary image from pole to pole. The
light which passed through the aperture
was split into two beams by a dichroic
filter. One beam passed through an
interference filter with a peak wavelength of 6000 A. This served as a
reference beam. The other beam passed
through one of ten filters with peak
wavelengths ranging from 3300 to
5000 A. Photomultipliers and pulsecounting electronics recorded the intensity of both beams, yielding direct
intensity scans of a strip of the planetary image 1.2 seconds of arc wide.
The photoelectric observations were
obtained alternately with photographic
images (1) at the same telescope. Dark
features become less apparent in the
scans (Fig. 1) at the bluer wavelengths.
Blue photographs normally fail to
show the dark regions with good contrast, but since part of the Mare
6 FEBRUARY 1970

Cimmerium was almost identical with
the 10 June (obscured) curve for
Trivium Charontis, whereas on 10
June, when the photograph showed
strong -local blue clearing, the contrast curve for Mare Cimmerium was
shifted toward the ultraviolet, not
reaching unity until 3800 A. Thus,
the phenomenon of blue clearing is due
to a change in the physical characteristics of the martian atmosphere or
surface and is not, as has been suggested by Pollack and Sagan (2), due to
seeing variations in the earth's atmosphere.
In addition, the contrast curves obtained for dark regions when no blue
clearing was present on photographs
still do not reach unity until a wavelength of about 4200 A (Fig. 3).
Hence, under normal conditions it
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Fig. 1. Polar intensity profiles (N-S scans; 10 June 1969; 0608 to 0640 U.T.; L.C.M.

= 210) of Mars at five wavelengths showing Trivium Charontis near the center and

Mare Cimmerium at the left as dips in the profile. North is to the right. Mare
Cimmerium is evident in the 4000-A curve, but Trivium Charontis has vanished
at that wavelength due to the effects of nonuniform blue clearing.

Red

Green

Blue

Fig. 2. Red, green, and blue photographs (at effective wavelengths of 6200, 5560,
and 4340 A, respectively) of Mars obtained at the same time as data in Fig. 1,
showing a high degree of blue clearing over the lower third of the disk as indicated
by the visibility of the dark Mare Cimmerium on the blue photograph. North is
at the top. Trivium Charontis is the dark marking at the center of the disk in the red
photograph.
907

Downloaded from http://science.sciencemag.org/ on April 25, 2019

1. R. B. Leighton, N. H. Horowitz, B. C. Murray, R. P. Sharp, A. G. Herriman, A. T.
Young, B. A. Smith, M. E. Davies, C. B.
Leovy, Science 165, 685 (1969).
2. E. C. Slipher, Mars (Sky, Cambridge, Mass.,
1962), p. 38.
3. E. J. Opik, J. Geophys. Res. 65, 3057 (1960).
22 August 1969

Cimmerium is very clearly visible on
the blue photograph (Fig. 2), at least
part of the martian disk exhibited a
high degree of blue clearing on 10
June. However, Trivium Charontis in
the center of the disk is obscured in
the blue image, as is normal for photographs taken at this wavelength with
no blue clearing present.
Defining the contrast of the dark
features as the ratio of the intensity
at the center of the dark area to the
intensity just outside the dark area as
measured on the photoelectric scans,
the contrast, at least for the dark features reported here, is a linear function of wavelength (at the wavelengths
we studied) whether or not clearing is
present (Fig. 3). On 4 July, when no
blue clearing was evidenced on photographs, the contrast curve for Mare
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* oHess (1) and Boyce (2) have ques4tioned a statement that the martian
blue haze hypothesis, historically invoked to explain the invisibility of surface features in blue light, is disproved
*s %%(3). Hess says (i) that the effective
wavelength of the Mariner 6 and 7 blue
filters is too long to reveal the blue haze
phenomenon, and (ii) that the craters
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of a program of Mars photometry undertaken
during June and July 1969 at the Cerro Tololo
Inter-American Observatory using the LowellTololo 24-inch reflector at the f/75 Cassegrain
focus. Cerro Tololo was one of six stations
used in a worldwide survey in connection with

the Lowell-NASA International Planetary Patrol
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usual conditions at the times of encounter of the two spacecraft.
The Mariner photographs show two
photometrically different types of
craters: those distinguished by wave-

September 1969; revised 29 October 1969
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graphs,

but nearly invisible on the

overlapping blue pictures. The second
type is seen equally well (or equally
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observed in the Mariner blue photo5 ngraphs are of higher contrast than the
6000 larger albedo features seen from the
4000
3000
5000
Wavelength
earth. Boyce reports contrast changes
Fi;g. 3. Contrast of dark surface features in his spectrophotometric measures of
on Mars. The curve for Mare Cimmerium martian surface features and interprets
on 10 June (solid circles) was taken at a
*
c
tinne of strong blue clearing. The other these changes as-the varlable opacity of
twro curves (Mare Cimmerium on 4 July, a "violet" haze. He also says that the
effective wavelength of the Mariner
opten circles; Trivium Charontis on 10
Ju ne, triangles) were taken when no blue blue filters is too long to test the blue
cle.aring was present.
haze hypothesis.
We now reassert our original conclusion, and, while acknowledging that
seiems that the "blue haze" does not optically thin aerosol layers do exist in
cc)mpletely mask the surface features the martian atmosphere, we contend
exccept at wavelengths shorter than that their optical thickness is not of
43 00 A. It should more properly be the order of 0.1 to 0.2 as suggested by
ca lled a violet haze.
Hess (1). Our preliminary measures inIn view of this, the statement (3) dicate that the aerosol thicknesses are
th at "the blue haze hypothesis has in fact less by nearly a factor of 10,
be en disproved" by Mariner 6 photo- implying that any obscuration would be
gr aphs needs to be reconsidered. The negligible and that most of the light in
Mlariner 6 blue filter had an effective blue photographs of Mars comes from
avelength of 4690 A (3). At this wave- the surface-not from its atmosphere.
leingth, even in the absence of blue
Contrary to references quoted by
dl(caring, the dark surface markings Hess (1) there is no critical wavelength
re.main visible from the earth, although
at which martian surface detail disapwiith low contrast (Fig. 3). Thus, the pears. Contrast between the larger
pr-esence of craters in the blue Mariner bright and dark areas decreases nearly
PElotographs is not in itself sufficient linearly throughout the range of waveto> rule out an atmospheric origin for lengths from 600 to 400 nm, with the
th,e "blue haze."
average contrast becoming zero at about
PETER B. Boycr, 400 nm (4). Our measured contrasts of
o9Well Observatory,
wavelength-dependent albedo features
recorded in the Mariner 6 and 7 photonlastafl, Arizona 86007
graphs (5) are in very good agreement
References and Notes
with the earth-based observations (4),
I1. The present observations were made as part
thereby negating any suggestion of un-

poorly, depending upon solar illumination angle) in the overlapping areas of
red, green, and blue photographs. Although photometric decalibration of the
Mariner photographs is still incomplete.
we see no significant difference in the
visibility of these features in green and
blue light.
The contrast curve of Mare Cimmerium (10 June 1969) given by Boyce
(2) is in general agreement with similar
measures of Syrtis Major/Arabia (4),
although he shows somewhat higher
contrast in the wavelengths from 400 to
500 nm. The contrasts given for Cerberus (6) (10 June 1969) and Mare
Cimmerium (4 July 1969), however,
are abnormally low and require some
comment. The case of Cerberus is
easily explained-the effective width of
the point spread function of the spectrophotometer given by Boyce (2) for
10 June 1969 is at least four times the
width of Cerberus (0.65") along the
scan direction. The low contrast is
simply a matter of insufficient geometric resolution. The 4 July observations
of Mare Cimmerium (3" along the
scan direction) are more difficult to explain. However, examination of 160
plates of the Mare Cimmerium region
taken between 27 March and 28 September 1969 at the New Mexico State
University Observatory shows no anomalous appearance. and this includes
the dates of 10 June and 4 July. We
can only conclude that Boyce's 4 July
anomaly was caused by smearing effects
of the earth's atmosphere at the time
of his observations.
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