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We describe here the realization and tests of a two stage torsion pendulum facility (nicknamed
PETER, from Italian PEndolo Traslazionale E Rotazionale, namely translational and Rotational
Pendulum) for the measurement of the Gravitational Reference Sensor (GRS) actuation Cross
Talks (CT) for LISA-Path�nder and its possible evolution. This project started within the ground
testing activities for the characterization, before �ight, of the GRS of LISA-Path�nder, where
it showed results consistent with what observed in �ight. The apparatus could easily evolve
into a facility to test small forces/torques on free falling instrumented masses, for future next
generation space missions. Here, we will discuss the principle of operation of the double torsion
pendulum and the initial goal of the activity, the description of the PETER apparatus, cross -talk
measurement technique and results and possible extension to more than 2 DoF
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PETER Torsion Pendulum F. Garu�

1. Introduction

Torsion pendulums are devices used in the gravitationalists community since the beginnings.
Our work started within the LISA-Path�nder (LPF) [1] project with the aim to characterise the
Gravitational Reference System (GRS) [2] before �ight. In this framework, starting from the initial
one-stage pendulum realised in Trento [3], we developed a two stage torsion pendulum to measure
the actuation cross-talk (CT) on the GRS. This device was named PETER, from the Italian PEndolo
Traslazionale E Rotazionale. Here we will discuss the working principle and the measurements, as
well as the possible evolution of the device as a facility.

Torsion pendulums are the instruments of choice to approach the conditions of free fall, in a
ground based laboratory: this is because one degree of freedom (DoF) of the pendulum, the rotation
around the suspension �ber, experiences an extremely small restoring force (better, torque) from
the �ber: in pendulum jargon, this is usually called the soft, i.e. almost free, DoF.

With a single mass torsion pendulum, we can only study the effect of torques acting on the
mass, while, if a 4-mass cross shaped payload is suspended to the �bre from its centre, the effects of
a torque acting on a mass has the same effect as that of a small force. In order to study at the same
time forces and torques on a test mass, we developed a double pendulum with two soft degrees of
freedom [4], nicknamed PETER (acronym for PEndulum free in Translation and Rotation).

2. The apparatus

Starting from the design of the four-mass torsion pendulum, with the aim to be soft in two
DoF, the choice was to hang one of the four masses to another �bre, the three remaining masses
being initially kept at the same distance from the centre of the crossbar, by means of rigid legs.
Thus we have a "high" �bre attached to the centre of the crossbar and a "low" �bre attached to
the test mass, as shown on the left side of �gure 1. The rotations around the high �bre, can be
seen as translations of the test mass (in the small oscillations approximation) and the rotations are
around the low �bre axis. In this way, a force on the test mass produces a translation and a torque
a rotation, allowing the simultaneuous measurement of both. This allows us also to measure the
actuation cross talk, i.e. rotations when actuating in force and translations when actuating torques.
The whole apparatus, initially tested in Florence, was traslated to the Gravitational Physics Lab in
Naples, where a concrete basement with 12 m long foundation poles, isolated by the rest of the
building structure was prepared to host a vacuum chamber containing the pendulum.
The test mass is contained in an engineering copy of the LPF GRS with a 4 mm gap capacitive
sensor, conditioned and read out with the same electronic device as that used in LPF. The system is
equipped with a redundant readout system with combination of different sensors: Autocollimator
(AC) at the crossbar level, optical read-out (ORO) at the crossbar level (added in a 2nd phase), GRS
at the TM level (capacitive), ORO at the TM level.

The OROs are simple optical levers, and at the level of the TM, two levers are needed in order
to disentangle translations and rotations.

The variables that are actually measured by our read-out system and the geometry of GRS
sensor electrodes and actuators electrodes are shown in �gure 1. The actuaton principle is also
sketched in the caption of �gure 1, the voltage applied to each electrode to generate a force F is
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