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Precise tests on the Universality of Free Fall (UFF) are fundamental experimental tools for checking whether gravitation can be interpreted in terms of the geometry of a curved spacetime. Further aspects of the Einsteinian theory can be checked by testing the validity of the Einsteinian and strong principles of equivalence, and also the distance dependence of the force of gravitational attraction.

Loránd (or Roland) Eötvös (1848–1919) invented a new, innovative method and developed an increasingly precise family of instruments for measuring subtle gravitational effects. His torsion balance (later named Eötvös balance) was an extremely efficient tool both in geophysical research and in fundamental physical experiments. As to the UFF (also a consequence of Newtonian gravity), he improved the limits on possible violations by several orders of magnitudes. His first experiments on whether the ratio of gravitational and inertial masses might depend on the composition of test bodies were performed before 1890, and also served for a more consistent definition of the shape of the Earth. His later experiments, performed between 1907 and 1909 together with D. Pekár and J. Fekete, achieved a still higher precision and are now usually called Eötvös-Pekár-Fekete (or EPF) experiments.

After a description of the various activities of Eötvös and of the results of the EPF experiments, their relevance to the Einsteinian equivalence principle and to the foundations of general relativity will be discussed. A letter of Einstein to Wilhelm Wien will be quoted to show how Einstein began to feel the need for a precise experimental proof of the UFF, originally considered by him as self-evident.      

Following the death of Eötvös and the publication of the EPF results, J. Renner, an earlier assistant of Eötvös, repeated the EPF experiments with similar but better instrumentation in the early 1930's. He claimed to have reached yet another order of magnitude gain in precision. It was in the late 1950's that R. Dicke and his group decided to achieve a new level of precision with modern instrumentation. They contacted J. Renner through L. Jánossy, asked several relevant questions about his evaluation methods, and made some critical remarks. The new, very precise results of the Dicke group in the 1960's were based on gravitational acceleration towards the Sun instead of the Earth. 

That latter difference in methodology gained significance in the mid-1980's, when E. Fischbach suggested the Fifth Force hypothesis, i.e. a new force or a modification of gravity, based on the results of the EPF experiment. The new force suggested by Fischbach was considered to be proportional to barion number instead of mass, and was supposed to have a range of a few hundred meters. Thus the Dicke result was not relevant to the new force, while the EPF (and Renner) results were. Because of the intense interest of the influential high-energy community, many new experiments were launched, but finally the original hypothesis was disproved. The new experimental activity, however, helped to advance progress in various fields.

At present both high-energy physics and cosmology are in need of some new, unexpected experimental or observational result in order to get out of the trap of "standard theories". Small modifications of the equivalence principle or of the inverse square law of gravitational attraction might provide such a long sought-after input. The Eöt-Wash group in Seattle and some other groups planning space experiments are working hard to find new phenomena in both fields. It might well happen that modern versions of the 100 years old EPF experiments can still contribute to our better understanding of the world both on micro- and on mega-scales.  

