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SOLAR ASTROMETRY WITH RIO ASTROLABE & HELIOMETER

C. Sigismondi1,2, S. C. Boscardin2, A. H. Andrei2, E. Reis-Neto3, J. L. Penna2, and V. A. D’Ávila2

Monitoring the micro-variations of the solar diam-
eter helps to better understand local and secular
trends of solar activity and Earth climate. The in-
stant measurements with the Reflecting Heliometer
of Observatório Nacional in Rio de Janeiro (RHRJ)
have minimized optical and thermal distortion, sta-
tistically reducing air turbulence effects down to 0.01
arcsec. Contrarily to satellites RHRJ has unlimited
lifetime, and it bridges and extends the measures
made with drift-scan timings across altitude circles
with 0.1 arcsec rms with Astrolabes. The Astrolabe
in Rio (ARJ) operated from 1998 to 2009 to measure
the solar diameter and the detected variations have
statistical significance.
Heliometer: The 11 cm parabolic mirror of RHRJ
is split on its half, forming an appropriate fixed an-
gle β. On the focal plane two images of the Sun
are formed and the distance d between the limbs
is linked to the solar diameter D⊙ by the equation
d = β − D⊙. A neutral mylar filter of transmit-
tance 10−5 screens the Sun. The images are free
from chromatic aberrations and thermal focal varia-
tions are minimized by the mirrors made in CCZ HS
and the tube in carbon fiber, both with linear ther-
mal expansion α ≤ 2 × 10−8/oC. RHRJ performs
≥ 1000 measurements per day at all heliolatitudes
(Andrei et al. 2013). Vertical and horizontal differ-
ential refractions to the solar image are computed:
they are minimum when the solar center approaches
the zenith as in Rio. Therefore RHRJ is the ideal
instrument to monitor the solar diameter from the
ground, and to bridge satellites and astrolabes his-
torical series of data.
Astrolabes: They have been the standard instru-
ments for solar astrometry since the 1970s. A 10 cm
horizontal telescope (ARJ is refracting like all Dan-
jon astrolabes, DORAYSOL is reflecting) receives
the solar light from a isosceles prism, with its base in
vertical position. The upper face of the prism reflects
the light onto the objective, and the lower one onto
a mercury mirror which defines the ideal horizontal
surface and then sends the light to the objective. The
instrument remains fixed during the transit of the
Sun through the altitude circle defined by the prism
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angle, and the contact times of direct & reflected
images are extrapolated from the video. The prism
angle of ARJ can be changed manually by regulat-
ing a spring, in order to enlarge the number of mea-
surements to max 30 per day. For solar astrometry
reference both ARJ and RHRJ have effective open-
ings of ∼ 4 × 7 cm. With RHRJ we proved that the
Astrolabe glass filters used to select the image wave-
length within 100 nm act as a sub-arcsecond wedge
producing a superimposed secondary image system-
atically shifted of the same wedge angle. Hence all
Astrolabes, Solar Disk Sextant and Picard data can
be plotted to the same reference value, even if the
original averages are separated by ≥ 3σ one from
another: these shifts are compatible with the tiny
wedge angles, measurable so accurately only with
the heliometer (Sigismondi 2013).
Conclusions: The fluctuations of solar diameter
during the last four decades, as measured with As-
trolabes and ARJ, have to be considered statisti-
cally significant, as eclipses data and planetary tran-
sits data confirm. Picard satellite observations of
metrologic quality are covering the last 3 years, co-
incident with an unusual low solar activity similar
with the Dalton minimum of 1810. The micro vari-
ations of the solar diameter claimed by some au-
thors in this last decade can depend on solar activity.
The measurements of solar diameter from ground as
RHRJ and Picard-Sol extend satellite measurements
to decades, needed to fully understand the secular
variations of the solar activity well known as respon-
sible for major climate changes.
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