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Abstract

Near ultraviolet and infrared continuative high reso-
lution images of Venus with amateur equipment can
contribute actively to understand the dynamics of at-
mosphere and surface. In this paper images taken
with a commercial 0.23 m Schmidt-Cassegrain tele-
scope and CCD devices during 2007-2009 and 2010
elongations are discussed. Near ultraviolet and in-
frared sub-arcsecond resolution images of the clouds
layers on the dayside have been analyzed, measuring
the wind flow and showing change over time. The ther-
mal emission of the nightside has been investigated at
965 nm and a topographic map of Phoebe and Beta
regio built, with spatial resolution of 2.6" and temper-
ature resolution of 5 K, then compared with Magellan
radar altimetric data. Contrast and brightness variation
caused by low clouds differential adsorbtion over the
days have been observed.

1. Introduction

Venus and its atmosphere reveal properties and dy-
namics when observed in near UV [21] and IR light
[2] . Because the position in the sky, with maximum
elongations not greater than 48°, ground-based high
resolution observations of Venus clouds from profes-
sional telescope have been difficult and not sufficient
to answer to some questions regarding the dynamics of
gaseous envelope. The super-rotation of upper atmo-
sphere at near UV wavelengths was discovered only in
1954 by the amateur astronomer Charles Boyer [3][4].
Pioneer, Galileo, Messenger and Magellan spacecrafts
provided a large amount of data, with excellent results
[2][8][12][21]. A more continuative and high quality
work is carried by the Venus Express mission, produc-
ing data on atmosphere and surface. [19] [18] In or-
der to better understand the behaviour of atmospheri-
cal envelope and the evolution of the surface, and be a
valid support to the Venus Express mission, a com-
plete and long time lasting coverage of both clouds
and surface from ground-based telescopes is advis-
able. With the development of digital devices acces-
sible to the amateur community, good quality observa-

tions of Venus can be carried succesfully with a net-
work of small size telescopes (typically 0.20 m) [13].
Amateur telescopes do not have time limitation and
can observe also during daylight, producing results
comparable, or better, to the larger professional tele-
scopes, limited by seeing and geometrical conditions
[7]. Sub-arcseconds images of upper atmosphere are
achievable with at least a 0.20 m telescope (Fig.1),
while the nightside thermal emission coming from the
surface can be investigated at resolution of ~ 2.5”,
revealing small temperature differences regulated by
altitude [5] [16]. During 2007 and 2010 eastern elon-
gations, the author imaged the planet dayside with a
commercial 0.23 m telescope at near UV (380 nm) and
near IR (965 nm) wavelength and the nightside ther-
mal emission during 2009 elongation. Results are pre-
sented and the potential on an observative campaign
done by the amateur community enforced [13].

2. Images acquisition

Dayside images were acquired by recording movies
with exposures between 0.066 and 0.010 seconds, a
common practice in planetary amateur astrophotogra-
phy, with a sampling of 0.13"/px. Short exposures,
and the subsequent selection of the best frames, mit-
igate the damage of atmospherical turbolence, giving
often nearly diffraction limited images. During any
observative session (duration of about 30 minutes), for
any wavelength, 4 to 7 independent movies composed
of ~ 5000 frames were acquired, with different cam-
era orientation. Best 2000 frames were selected from
every movie, aligned and averaged. Resulting raw im-
ages were processed to enhance contrasts with unsharp
masks and deconvolution filters. Final images of any
session were compared in order to discover and avoid
the presence of artefacts, which position, shape and
magnitude change from one image to another. When
the correspondence of the details gave a perfect match-
ing, final IR and UV images of the session were built
by averaging the processed images. Ultraviolet im-
ages were taken with a U Johnson photometric filter
peacked at 365 nm and Violet W.47 filter with an IR-
rejection, peacked at 380 nm. Although higher con-



trast with U filter, the greater light transmission of
the W.47 let to use shorter exposures, giving better
SNR images; the average resolution is 0.8" with some
diffaction limited images (resolution better than 0.5")
Fig.1.

Near infrared images were taken with a Schott
RG1000 filter in the same observative sessions than
UVs. The convolution of CCD spectral sensitivity
with the filter band gave a gaussian curve peacked at
965 nm with FWHM of 120 nm and a peak QE of
0.03. Acquisition technique was the same. Infrared
images have generally better quality, since the see-
ing improves with greater wavelengths and the back-
ground during daylight sessions is darker because the
A~% trend of Rayleigh scattering from atmospherical
gases.

Thermal radiation images were taken with a CCD
camera ST-7XME set to a temperature of 7' = 5.0 &
0.2°C, exposures variable between 4 and 10 seconds
and a sampling of 0.86 "/px. No occultation disk was
used to hide the dayside. Observative sessions started
30 minutes after the sunset, until Venus reached an al-
titude of ~ 10°. The planet was oriented in acqui-
sition stage with the line of dayside cusps parallel to
the minor side of the CCD, in order to avoid the con-
tamination of the nightside by dayside blooming. All
frames were calibrated with master flat field and mas-
ter dark frame. Data redundancy was guaranteed for
each day by creating 2 indipendent raw images made
of ~ 170 exposures. Contrast enhancment was per-
formed with unsharp masks and Lucy-Richardson de-
convolution, then the two processed images were av-
eraged after details verification.

2010/04/30
Schott RG1000

W.47+ IR rejection

Figure 1: Diffraction limited images of Venus clouds
atnear UV (left) and near IR (right) light, taken during
daylight sessions with the planet at 25° from the Sun,
show the resolution limit of a 0.25 m telescope.

3. UV analysis

A total of 40 near UV images have been analyzed, 25
from 2007 eastern elongation (20 days) and 15 from

2010 eastern elongation (13 days). Winds speed was
measured by analyzing cloud tracers in images sepa-
rated by 180 to 240 minutes, and in two images by one
equatorial rotation (93 hours), as follows. Every im-
age was oriented with north celestial pole above, then a
planetocentric fixed coordinates grid (not time depen-
dent) was overimpressed. Longitudinal shift of tracers
respect to the fixed grid was then measured. When the
longitudinal shift A\ is known, in radiants, the linear
velocity is given by:

_ Rcos(9)
At

where R is the equatorial radius at clouds altitude [19],
¢ is the mean latitude of the selected feature and At
the time interval between the images. Measurements
were performed in 3 pair of images, along 5 latitude
bands with amplitudes of A¢ ~ 4°. Every measure-
ment was repeated 3 times in order to lower the un-
certainty on the position of the coordinate grid and
the tracer. Data along the same latitudinal band were
then averaged, reducing the uncertainties to ~ 20 m/s
(1—0). According to preliminary velocities and equa-
torial period values, a better measurement, with a rel-
ative uncertainty of dv/v ~ 0.05, was performed on 2
images separated by 93 hours. Data are perfectly co-
erent with the previous; results are plotted in Fig. 2.
Because the lacking of good quality tracers on images
used, high latitudes were not mapped, but with con-
stant and steady atmospherical conditions, measure-
ments are possible until polar latitudes (¢ ~ 70°). The
final rotational graph (Fig.2) shows a nearly constant
trend in the range —15°< ¢ < 15°, with an average
value of < v >= (110 & 5) m/s, in good agrement
with Venus Express [19] and previous [12] data. The
resulting rotational periods show a nearly solid body
rotation of equatorial latitudes (Fig. 2), within the
1—o uncerntainty of ~ 0.17 d. Mean equatorial period
can be estimated by considering the average altitude of
clouds ~ 66 km [19], with 1 — & error 1/N'/2 times
the error on single measurement: P = (3.91 £ 0.05)
d. This result agrees with Pioneer [21] and Venus Ex-
press [19].

According to mean rotational period, cylindrical maps
of clouds coverage were built with images taken on
consecutives days and phases greater than 0.6, show-
ing changes during the time. Five complete pro-
jections have been assembled for the rotations 7-10,
16-19, 20-23, April 2007 and 6-9 and 25-28, April
2010. These data are sufficient to show some dy-
namical change of Venus upper atmosphere during
time. Polar vortexes seem to have shape, size and
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Figure 2: Winds speed at 380 nm. Red dots are the
binning values of 3 pair of images at time interval of
180 and 240 minutes. Blue dots are the result of two
images separated by 93 hours.
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Figure 3: Plot of the rotational period as a fuction of
latitude.

brightness variable with timescale of one-two weeks.
Typical Y shaped equatorial cloud was visibile quasi-
periodically at time interval of ~ 8 — 12 d. The cloud
seems to originate from pole-ward motion of large
dark clouds at ¢ = £15° (Fig.4). The process evolves
in less than 3 rotations. Small clouds, especially those
bright, have life-time smaller than one rotation, while
the larger and darker can survive typically for 2 rota-
tions, although with shape, contrast and positions dif-
ferent from previous rotation. In some high resolution
images of 2010 elongation a meridional flow was no-
ticed [12], with average drift ~ 5 m/s at ¢ = +10°.
This measurement was quite difficult to do since to
minimize the uncertainty the time interval between the
images must be great, in order of one or two equato-
rial rotations, with consequent change of clouds struc-
ture due to dynamical processes. The value found is

comparable with Venus Express [19] and previous data
[12].

Figure 4: Cylindrical UV maps of April 20-23, 2007
rotation (A) and April 16-19, 2007 rotation (B) con-
sidering the average mean period found. The continu-
ity of the clouds during consecutives days is obvious,
as well as the dynamical differences between the two
rotations, with formation of the Y shaped equatorial
cloud at A ~ 300° .

4. IR analysis

Clouds visible in near IR light have contrast smaller
than those visible in UV [2]. A comparison with UV
images taken at same time reveal completely different
structures, confirming previous observations [2]. The
most frequent feature is a dark, equatorial and latitudi-
nally thin cloud generating close to the subsolar point
and sometimes expanding until the terminator (Fig.5).
Bright clouds spanning in longitudes and latitudinally
thin, often visible in UV images, seem to be rare. The
evolution of clouds, even the largest, is faster than
UV, with mean life-times generally limited to one-two
days. Smallest clouds (< 5" in size) change their shape
and brightness in ~ 5 hours. Winds speed were mea-
sured on 26-27-28, April 2010 images, choosing 9 lat-
itutes bands with amplitude of A¢ ~ 4°, and binning
the values. The resulting plot shows a global constant
trend in the range —30°< ¢ < +30° within the 1 — o
confidence of 14 m/s (Fig.6). Mean wind velocity is
found to be < v >= (73 &+ 5) m/s, in agrement with
Venus Espress data [16]. The slower value respect to
the UV confirm that we are observing clouds at lower
altitudes, typically ~ 60 km [2] [12]. Equatorial mean
period is then found to be P = (6,26+0.45)d (Fig.7).
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Figure 5: Near IR images showing a common equato-
rial cloud generating close to the subsolar point, some-
times expanding in longitude and moving with smaller
velocity respect to the average trend.

In images of April 29 2010, taken at distance of 4
hours, the dark equatorial cloud descrived earlier was
present close to subsolar point longitudes. The mea-
sured velocity of these regions gave a value ~ 3.5
times smaller than the mean wind speed found in the
+15 latitudinal range, and 3 times out the mean stan-
dard deviation. The entire zone centered around the
cloud has speed smaller than the average. Values out-
side this region respect the mean trend found earlier
(Fig. 6). It is not clear wheter these lower velocities
are real or due to dynamical or chemical changes of
the cloud, but the absence of this stationary feature the
previous and nex day seems to confirm the latter hy-
potesis. A similar situation was observed in two im-
ages taken on May 13-14 2007, when small Y shaped
equatorial cloud close to the subsolar point was ob-
served (Fig.5) with similar quasi-static behaviour. Fur-
ther data are needed to study the dynamics of these
clouds. At the countrary of UV images, no direct con-
nections among features are present in images taken
on consecutive days, confirming the fast dynamical
evolution of clouds. Images taken at time interval of
one equatorial mean rotation revealed a quite different
global structure. Dark clouds at ¢ ~ £10°, that gen-
erally dominate the images when dark equatorial and
longitudinal cloud is not present, seem to undergo to a
latitudinal expansion visible in ~ 5 hours. This obser-
vation should be investigated by further images.
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Figure 6: Near infrared winds rotation graph. Red dots
are binned values from 3 images. Blue dots are values
around small velocity equatorial dark cloud close to
the subsolar point, visible in 2010 and 2007.
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Figure 7: Clouds mean period at 965 nm. Zonal
change near the equator are real and sometimes 3 times
larger than the average trend.

4.1 The thermal emission

Christophe Pellier was the first amateur to detect the
thermal emission of the planet, using a 0.36 m tele-
scope [17]. In the images, Limaye noticed some low
contrast large scale spots on the disk, probably cor-
related with surface features [19]. Unfortunately data
did not have enough quality to give further answers.
During March 2009 the planet was in perfect geom-
etrycal condition to show the nightside thermal emis-
sion, imaged at 1.01 micron transparency window [11]
[1] for 7 days in a row, from March 12 to March 18
2009. High quality 16 bit cooled CCD camera was
used in order to have a better SNR ratio than Pellier
data and to prove the utility of small size telescopes
also to these applications. Images calibration and pro-



cessing was performed as descrived earlier. The ther-
mal emission was obvious in any single frame, and ev-
ery raw image showed some dark features. Details en-
hancment with unsharp masks and deconvolution was
performed. A comparison among the final processed
images of the campaign revealed two types of details:

1. small scale (<15"), high contrast, always present,
dark spots

2. large scale (generally >15"), low contrast dark
features, variable from one day to another.

According to [S][6][11][15][1][17][20], the features
visible are mainly due to topography with some zonal
contamination by lower cloud layers at altitudes be-
tween 30 and 40 km. To prove the surface origin of the
smaller, always present, dark spots, the rotation period
was estimated. Taking the images of March 12 and
17, and measuring the longitude ()), with the same
technique used for winds estimation, of 10 features,
two times each, a solid body rotation was found, with
a longitudinal shift of AX = (6.00 £0.15)°. Taking
into account for the difference due to the elongation
between March 12 and 17: AE = 1.483°, the rota-
tional period is found to be P = (240 £ 6) d. This
is the confirmation that most of the features belong
to the surface, with planetocentric coordinates (sys-
tem I): —30°< ¢ < 60° and 250°< A < 330° with
C.M. at 329° (average value of the campaign). The
limited silicon sensitivity of the CCD did not allow
to image the planet at greater wavelengths and erase
the clouds contamination, as done by Mueller [16].
Fortunately, clouds lower layers rotates with a rota-
tional period more than one magnitude shorter than
the surface [22], then in order to build a better to-
pographic map and show at best surface features, the
median of March 16-17-18 processed images was per-
formed. The same procedure was applied to March
12-13-14 images. A cylindrical map of these images
and the comparison with Magellan spacecraft altimet-
ric data [9] can be seen in Fig.8. As showed by re-
cent Venus Express data [16] and confirmed here, at
1.01 micron transparency window the contrast differ-
ence (i.e. flux variations) of surface spots is regulated
mainly by altimetry rather than different mineralogy;
coordinates of the main surface features identified are
reported in Table 1. Spatial mean resolution was 2.6",
while temperature resolution ~ 5 K, a result very sim-
ilar to that reached by larger ground-based telescopes
like the Anglo-Australian observatory [7].

Some photometry was performed on raw calibrated
images. Contrast measurement between dark and

bright spots was carried by selecting two features
near the limb: a dark spot located at ¢ = +29.0°,
A = 285.0°, identified as Beta Regio, and a bright
spot located between Beta Regio and Phoebe Regio,
at ¢ = +11.0°, A = 275.0°. Scattered light cor-
rection from the dayside (~ 10* times brighter) was
performed by tracing the photometric profile along a
90x3 pixel box, just outside the nightside and paral-
lel to dayside cusps, and subtracted to the same box
profile centered on the measurement regions. A lin-
ear regression was performed to erase the trend; zero
point was then found by averaging the values of 80
pixels outside the nightside resulting profile. The mea-
surement of the specific brightness of these regions, on
the images taken on March 12-16-17-18, gave a con-
trast 0.20 < C' < 0.30, in agreement with professional
telescopes data [14].

In March 12 session, in the same field of view of the
planet, there were two stars: HD3884, m, = 7.70 +
0.02, and TYCO610-01641-1 m,, = 9.36 & 0.02 use-
ful to estimate the instrumental surface magnitude of
the nightside with simple aperture photometry. The
raw image made of 300 single calibrated exposures
was considered and the net intensity of the stars, af-
ter subtracting the background with an annulus cen-
tered around the stars, was derived. Scattered light cor-
rection from the dayside was performed on the night-
side as descrived earlier, then mean specific intensity
along a 10x3 pixels profile on the nightside was mea-
sured. The resulting differential magnitudes were av-
eraged and corrected for the unitary surface 1.35 times
greater than the sampling of 0.86 "/px, producing a
Am = —0.32 £ 0.02. In order to calculate the in-
strumental surface magnitude, the instrumental mag-
nitudes of the stars were estimated. Considering the
transmission band of the setup between I and J photo-
metric bands, an average V-I and V-J color indices was
used. The surface mean magnitude of the nightside
is then found to be: m; = 10.4 + 0.3mag/arcsec®.
As stated earlier, it was impossible to discriminate the
contribution of the clouds on the single image, but it
was possible to show brightness change during time
due to difference in opthical depht of fast moving low
clouds, as follows. Two raw images shot in consecu-
tives days were considered, with similar SNR, so that
the rotation of the surface was negligible at real res-
olution of 2.6”. Correction for differences in orienta-
tion and size were performed, then the intensity val-
ues were divided, in order to have a new image that
showed only photometrical changes (if present). Ap-
plying this technique to 16-17-18 March images, the



best of the campaign, all the topography details dis-
appeared, as expected. The resulting images show
large scale brightness gradients due to the change in
clouds opacity (Fig.9), as noticed also by Venus Ex-
press Monitoring Camera [18], and confirming the na-
ture of first type variable features observed in the pro-
cessed images. The images confirm also the earlier
hypothesis that clouds contamination is restricted to
some time-dependent areas, focused mainly at equato-
rial latitudes.

Map of March 12-13-14 images
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Map of March 16-17-18 images
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Map of altimetric radar data taken by Magellan spacecraft
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Figure 8: Cylindrical maps of surface features imaged
at the transparency window of 1.01 micron and com-
parison with Magellan altimetric data.

5. Conclusions

It was demonstrated that amateur size telescopes can
image the atmosphere and the nightside of the planet
with a spatial resolution better than 1" (for the day-
side), also during daylight, producing high quality

Figure 9: Optical depth change in the nightside. Im-
age A is the division of March 17 and March 16 raw
images; image B is the result of the division between
March 18 and March 16 images.

Table 1: Planetocentric coordinates of surface features
identified in the thermal emission.

Feature Lat. Long.
Beta Regio 30 285
Hyndla Regio 30 300
Asteria Regio 20 270
Devana Chasma 15 285
Dolya Tessera 0 300
Phoebe Regio -5 285
Navka Planitia -5 310

data of clouds and thermal emission. A continuative
campaign will provide more long term data, useful
to understand the atmopsherical dynamics and evolu-
tion. Increasing the time interval between the observa-
tions, uncertainties on the winds speed can be smaller
than 10 m/s. Good seeing conditions images set will
provide measurements of meridional flow in UV and
more data about the zonal velocities in near IR no-
ticed in this paper and in Venus Express and Galileo
images [19]. Nightside thermal emission continuative
imaging is useful to follow the low layers of the at-
mosphere and also to monitor the surface looking to
change caused by recent or still active lava flows, vis-
ible as hot spots in the images [10] or other endogenic
processes. Images and data have enough precision to
be a solid support to the Venus Express Mission.
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