Venus: Absence of a Phase Effect at a 2-Centimeter Wavelength

Abstract. Observations of Venus made during 1967 and 1968 at a frequency
of 15.4 gigahertz set an upper limit of 5 percent for the variation of brightness
temperature with phase. This negative result appears to contradict earlier detec-
tions of a phase effect. By comparison with Virgo A (3C 274), which has an
assumed flux density of 29 X 10— watt per square meter per hertz, the
brightness temperature of Venus at this frequency is 485 + 60, —40°K (mean

error).

A slowly rotating planet that has a
significant diurnal temperature variation
at its surface exhibits a variation with
phase in its microwave brightness tem-
perature averaged over the disk, if radi-
ation in the radio-wave region arises
primarily in the subsurface material of
the planet. Such a phase effect for Venus
has been considered well established for
wavelengths of observation between 0.8
and 10 cm (I)and has been suggested
at wavelengths as short as 4 mm (2).
These observations indicate that the
‘brightness temperature varies by from
15 to 25 percent between inferior and
superior conjunction. These variations
could not be explained” by systematic
errors in the observations (3). The data
on phase effect have thus been used with
some confidence in theoretical analyses
of the thermal properties of Venus (3).
However, the observations reported
here, representing more than 100 hours
of observing time, show no phase effect
even a third as large as those reported
previously (1), thereby raising ques-
tions about the reality of the phenome-
non.

The measurements were made be-
tween April 1967 and April 1968 with
the 43-m equatorial radio telescope of
the National Radio Astronomy Observa-
tory and a standard 15.375-Ghz wide-
band radiometer (4). The aperture ef-
ficiency is a function of telescope ori-
entation at this frequency and is known
to decrease by more than a factor of
two between 0° and 60° in zenith angle
(5). The uncertainty in correcting for
this variable gain, which is typical of
large telescopes at high frequencies, usu-
ally limits the accuracy with which the
phase effect can be measured, since in
the course or a synodic period the
declination (and hence the zenith angle
near meridian transit) of Venus varies
by nearly 50°. To circumvent this dif-
ficulty, I observed Venus on three oc-
casions (in August 1967, November
1967, and April 1968), widely spaced
~ in phase angle, when the planet was at
the same declination (4 1° to — 2°).
The phase angles for these observations
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were 144°, 270°, and 334°, respectively.
I also observed in April and June 1967,
when Venus was at a declination of
about + 20°, but, because of the need
to correct for the variation of gain with
zenith angle, these observations have an
added uncertainty of about 4 percent
as compared with those made near the
equator. For comparison sources I used
3C274 (Virgo A) and 3C 123. Since
these sources are in opposite parts of
the sky, some check is provided on pos-
sible systematic errors that may be in-
troduced by diurnal variations in tele-
scope gain.

In order to eliminate the effects of
pointing errors, the antenna tempera-
tures for Venus and the comparison
sources were obtained by making a grid
of scans in right ascension, each scan
offset from the next in declination by
one-fourth of the half-power beam
width. Before each set of scans a cali-
bration noise source was measured; the
calibration signals were repeatable with
a root-mean-square scatter of less than
1 percent. The final antenna tempera-
tures were obtained by first fitting a
Gaussian function numerically to each
right-ascension scan and then fitting a
Gaussian  function in  declination

through the derived peaks (6). Figure
1 illustrates some typical scans across
Venus obtained in November 1967
when the planet was at about the same
degree of brightness as the primary
comparison source, 3C 274. Under good
observing conditions, the root-mean-
square error in the peak of the final
fitted Gaussian function for each set
of scans was only 2 percent (Fig. 2).
Each temperature for Venus was cor-
rected for the resolution of the antenna
by assuming that the beam had a Gaus-
sian shape with a half-power beam
width of 2 minutes of arc and that
Venus was a uniform disk. The largest
such correction, made in August 1967,
was 5 percent. From a single day’s ob-
servations, the antenna temperature of
Venus relative to the comparison sources
could usually be determined with a
computed mean error of from 1 to 3
percent (7).

In August and November 1967, I
measured the absolute brightness tem-
perature of Venus with respect to
3C 274 by mapping both sources (8).
I adopted a flux density at 15.4 Ghz for
the comparison source of (29 + 2, —1)
X 10—26 watt m—2 hz—1 (9, 10). The
derived brightness temperature of Venus
is 485 + 60, — 40°K (mean error).
The corresponding correction factor for
source size for 3C274 with a half-
power beam width of 2 minutes of arc
is 13 = 4 percent, larger by 6 percent
than would be obtained by assuming a
Gaussian shape for 3C 274 (9). This
difference is consistent with a core-halo
configuration for this source, such as
Hogg (I1) reports at a wavelength of
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Fig. 1. Right-ascension scans of Venus made in November 1967. Each scan is displaced
from the preceding by 1/4 half-power beam width in declination. The Gaussian curve
fitted to the peak temperatures for each scan is illustrated by the dashed curve.
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Fig. 2. Observations of the antenna temperatures of Venus and 3C 274 made on
10 November 1967. Each point is derived from a fitted Gaussian curve as illustrated
in Fig. 1; the error bars are computed standard deviations in the peaks of the Gaus-
sian curves. The open and solid circles represent two orthogonal linear polarizations.

The curves show the nominal changes in

10 cm. The flux density of 3C 123, de-
rived with respect to 3C 274, is (5.2 =
0.4) X 10—26 watt m—2 hz—1,

The measured brightness tempera-
ture of Venus as a function of phase
angle is shown in Fig. 3. No phase ef-
fect is indicated, and it appears pos-
sible to set an upper limit of about 5
percent for the variation with phase.

A brightness temperature of 485°K
is in agreement with a value of 500 =
70°K (probable error) at 2.07 cm
(12), but it is significantly lower than

gain of the telescope with hour angle (J5).

the temperature at 1.9 cm derived from
the Venus flyby made by Mariner II
(13). When compared with the spectra
computed by Pollack and Wood (14),
a temperature of 485°K is more con-
sistent with models incorporating 0.5
percent water vapor in the troposphere
than with models of a dry atmosphere.

Recent measurements of high sur-
face pressure (about 100 atm) on
Venus indicate (14, 15) that the radia-
tion at 1.95 cm must originate pri-
marily in the lower atmosphere and not
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Fig. 3. Brightness temperature of Venus as a function of phase. Each goint represents
a weighted mean of the observations from 4 to 6 days. Open and solid c1rc!es represent
temperatures derived by comparison with 3C 123 and 3C 274, respectively. Error

bars are the computed mean error in eac

h point, without inclusion of the 8-percent

uncertainty in the absolute calibration. The dashed curve illustrates the 24-percent phase
effect, such as has been suggested from observations at a wavelength of 3.15 cm (1).
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in the subsurface of the planet; in view
of this, the absence of a phase effect is
not surprising. However, it is difficult to
reconcile this result with earlier ob-
servations (I, 2), particularly those at
a wavelength of 3.15 cm. In observa-
tions made at a wavelength of 4.5 cm
contemporary with those presented
here, Dickel et al. (16) fail to find a
phase effect. However, it is still possible
to expect a phase effect at wavelengths
longer than 5 cm, where, according to
recent atmospheric models (14, 15),
the radiation arises primarily in the sub-
surface of Venus rather than in the
atmosphere.
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Harvard College Observatory and
Smithsonian Astrophysical Observatory,
Cambridge, Massachusetts
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Critical Point Drying for
Scanning Electron Microscopic
Study of Ciliary Motion

Abstract. Scanning electron micro-
scopic study of the pattern of ciliary
coordination and the form of ciliary
beat is now possible. Rapid fixation
stops the ciliary activity instantaneously,
and critical point drying avoids distor-
tion of the cilia by surface tension
forces. Such studies have been made
on the ciliate Opalina with this new
technique.

The scanning electron microscope
provides a powerful new technique for
studying the surface structure of bio-
logical material. However, the necessity
of drying the specimen in air is a ma-
jor problem in the preparation of ma-
terial that is distorted by surface ten-
sion forces (I). In order to use the
scanning electron microscope to study
ciliary activity, we have devised a new
combination of methods that overcomes
this difficulty. In brief, the technique is
to stop ciliary motion instantaneously
by rapid fixation and then prepare the
specimens for scanning electron micros-
copy by critical point drying.
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The organism used in this study was
the ciliated protozoan Opalina ranarum,
from the rectum of the common frog
Rana temporaria. Adjacent cilia beat
with regular phase differences, so that
waves of activity move over the
organism in the same direction as the
effective stroke of the ciliary beat
(symplectic metachronal coordination).
Successive stages in the cycle of one
complete beat of a cilium are thus en-
countered sequentially in one meta-
chronal wave. It is possible to preserve
the movement of metachronal waves by
instantaneous fixation, and thus analyze
the form of the ciliary beat (2, 3). The
following procedure was used.

Osmium tetroxide (2 percent solu-
tion in water) was pipetted rapidly on
several hundred Opalina swimming in
a few drops of suitable Ringer (4) in a
watch glass, which was then maintained
at 0°C for 10 to 15 minutes. The or-
ganisms were washed briefly and de-
hydrated in a graded ethanol series.

Organisms were dried by the critical
point method of Anderson (5), thus
avoiding distortion of the cilia by sur-
face tension forces. The problem of
handling during this step was overcome
in the following way. Opalina in abso-
lute ethanol were pipetted into a tiny
bag of fine nylon bolting cloth (60
mesh per centimeter). The alcohol was
replaced by clean amyl acetate, and the
bag was quickly placed in the bomb of
the critical point apparatus. The bomb
was flushed out at room temperature
with liquid carbon dioxide to replace
the amyl acetate.

When it was completely filled
with liquid carbon dioxide, the bomb
was sealed off and the temperature
raised to about 50°C. During this heat-
ing the liquid carbon dioxide was taken
past its critical point and changed into
a gas without the formation of a phase
boundary. The valve was then opened
slowly to allow the gaseous carbon di-

- oxide to escape.

Dried Opalina were sprinkled on
metal specimen stubs made sticky with
a thin layer of a chloroform solution
of Cellotape. The organisms were
coated with approximately 30 nm of

Fig. 1. Scanning electron micrograph of
an Opalina fixed with metachronal waves
traveling simultaneously in different di-
rections. Arrows indicate direction of wave
transmission and the effective stroke of
cilairy beat in different regions. A-P, an-
terior-posterior axis.

gold-palladium by rotating the stubs at
an angle of 45° to the evaporation
source. They were viewed in a “Stereo-
scan” (6) scanning electron microscope
at a beam accelerating voltage of 20 kv
with the stub tilted at an angle of 45°
to the electron beam. Rotation of the




