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Large VLBI telescopes undergo gravitational deformatiaisch affect both geodetic and as-
tronomic observations. In order to assess the extent anditndg of such deformations and to
evaluate their effect on telescopes’ performances, teiaksurveying methods can be applied to
monitor the telescopes’ structure at different pointingvations. Finite Element Model analy-
sis, laser scanner surveying, trilateration and triartgprichave been applied on the telescope in
Medicina to estimate i) the deformations of the primary orirnd to monitor ii) the position of
the feed horn located at the primary focus and iii) the positf the vertex of the paraboloid. If
detectable, these deformations modify the position of timagry focus and the signal path length
and may therefore reduce the antenna gain and bias the phthsdricoming signal. We are pre-
senting the investigations performed on the Medicina Vidié$cope, quantifying the magnitude
of the deformations of the primary dish, the quadrupode haed¢rtex and we are also presenting
an elevation dependent model for signal path corrections.
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1. Introduction

Indirect methods applied in local tie surveying are a flexible tool for retrgefurther infor-
mation than the mere eccentricity vector estimate. The analysis of the circulardesttribed by
the targets (e.g. retro reflecting prisms) that are installed on the telesstpe®ire and surveyed
from the local ground control network may be useful in highlighting thegpafrthe telescope that
are remarkably affected and deformed by gravity.

Gravitational deformations are elevation dependent; they may affect thégpgth of the incom-
ing signal and may bias its phase, thus corrupting the quality of the dataeddpyithe telescope.
Gravitational deformations depend on the pointing elevation of the telesecmparaattempt to
model their impact on the VLBI observable was successfully pursuedpyijth the use of a
FEM (Finite ElementM odel). Their paper is a comprehensive discussion of the theoretieadtasp
related to deformations of VLBI telescopes and a remarkable example ofdgphtation aimed
at solving the problem of signal path variations in the VLBI antenna in Fakb#Alaska, USA).
According to [1], the signal path variations can be described as the laogabination of three
terms:

AL = arAR+ ayAV + apAF (1.1)

whereAR is the component along the line of sight of the displacement of the recéVethe
displacement, along the line of sight, of the primary mirror (essentially deschpets vertex’s
position) andAF the change of focal length. The linear coefficieats oy andar depend on the
dimensions and structure of the telescope [1]. In order to quaftifywe have consistently ap-
plied independent methods: terrestrial surveying (particularly trianguolatid trilateration), laser
scanning and FEM. A combination of these methods was applied to investigatefthenations
of the telescope in Medicina, with the specific purpose of cross checkingetults obtained on
some particular parts of the telescope and confirm the overall deformatitarrpdepicted by the
analysis. A detailed discussion of the surveying strategy and the analgsisdoire adopted to
compute the signal path variatidwh. for the telescope in Medicina is contained in [2].

2. Terrestrial techniques

Laser scanning on one side and triangulation and trilateration on the otharegstrial sur-
veying approaches that proved to be effective in determining the foegthevariation (i.e. the
deformation of the main reflector’s surface) and the motion of the rec@iherFEM was success-
fully applied to determine the motion of the vertex of the paraboloid and the motitwe oéceiver;
this latter was therefore determined with two different methods and the dafomexperienced
by the quadripod could be cross-checked and verified. The agreéef@sults obtained with the
two independent methods was excellent.

The deformations of the main reflector determined with the laser scanndnawa & figure (1)
as surveyed at six telescope’s pointing elevation (15, 30, 45, 60,#9@ndeg. As the elevation
changes from high to low elevations, the dish, quite regularly, folds inruheevarying effect of
gravity: at zenith the surface of the paraboloid is pulled down towardsritnend and is there-
fore more widely open. The consequence is an increment of the value &ddhl length of the
paraboloid (see figure 2) which was determined with a least squaresagppon the cloud points



VLBI telescopes’ gravitational deformations P. Sarti

Figure 1. Differences between the laser scanned surface at diffelevdtions and the theoretical paraboloid
(f =10.2590 m). Cold colors correspond to smaller differencesmwveolors to higher ones. The deforma-
tions reach their maximum value of approximately 2 cm at tigeeof the dish.
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Figure 2. Behaviour of the focal length as the elevation varies: tleagst value is found at zenith, when
gravity acts on the dish slightly flattening it out towarde tiround.

[3]; the estimated focal length variations are shown in figure (3).

Figure 3. Experimental values kiR (blue circles) AV (red triangles)AF (green squares) and the corre-
sponding interpolating second order functions. In blackgesented th&L obtained according to equation
(1.12).
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A complete description of the compound process of laser scanning suyvaryd data pro-
cessing can be found in [3].
Gravity acts similarly on the vertex and on the receiver. Ideally, as the renisrsteered in ele-
vation, the points should follow an arc of a circle whose centre belongs tel¢kation axis. At
zenith, gravity deforms the structure pulling downward both points andftirerdiminishing their
distance from the elevation axis; as a consequence, the arc is flatten@gedigure (4)). The

Figure 4: Ideal circular path described by the vertex or the receivkarck dashed line) and real deformed
path under the effect of gravity (dashed red line). The disginent to be determind&y¥ or ARis the distance
between the two curves computed along the radius. Theontegéntre is given by the elevation axis.

component, along the line of sight, of the decrease of the relative distantex elevation axis
was determined with FEM and is reported in figure (3). Analogously, thiati@m of the dis-
tance receiver-elevation axis (along the same direction) was determine#EMband terrestrial
triangulation and trilateration; this latter determination is reported in the same {@jure

3. Resultsand conclusions

The linear combination, according to equation (1.1), of the variatioA%ofAR andAF, gives
the variation of the signal path lenghth. shown with a black line in figure (3AL varies up to 2 cm
in the elevation rangf®, 90| deg and causes remarkable effects on the phase of the incoming signal.
Nevertheless, the combination of terrestrial triangulation and trilateraticar,3aanning and FEM
efficiently solves the problem and can be applied to correct the phasestilas to gravitational
deformations.
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