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Preface

The title of this book uses the modermn term “scientific method” to refer to the
methodology for investigating nature argued for and applied in Newton’s argument
for universal gravity. I use this modern term, rather than Newton’s term “experimental
philosophy™ for his method of doing natural philosophy, to make salient the main
theme I will be arguing for. I will argue that Newton’s rich method of turning data into
evidence was central to the transformation of natural philosophy into natural science
and continues to inform the practice of that science today.

Newton's argument for universal gravity exemplifies a method that adds features
which can significantly enrich the basic hypothetico-deductive (H-D) model that
informed much of philosophy of science in the last century. On this familiar H-D
model, hypothesized principles are tested by experimental verification of observable
consequences drawn from them. Empirical success is limited to accurate prediction of
observable phenomena. Such success is counted as confirmation taken to legitimate
increases in probability. We shall see that Newton’s inferences from phenomena realize
an ideal of empirical success that is richer than prediction. To achieve this richer sort
of empirical success a theory needs, not only to accurately predict the phenomena
it purports to explain, but also, to have those phenomena accurately measure the
parameters which explain them. Newton’s method aims to turn theoretical questions
into ones which can be empirically answered by measurement from phenomena.
Propositions inferred from phenomena are provisionally accepted as guides to further
research. Newton employs theory-mediated measurements to turn data into far more
informative evidence than can be achieved by hypothetico-deductive confirmation
alone.

On his method, deviations from the model developed so far count as new theory-
mediated phenomena to be exploited as carrying information to aid in developing a
more accurate successor. This methodology, guided by its richer ideal of empirical
success, supports a conception of scientific progress that does not require construing it
as progress toward Laplace’s ideal limit of a final theory of everything. This method-
ology of progress through successively more accurate revisions is not threatened by
Larry Laudan’s argument against convergent realism. We shall see that, contrary to a
famous quotation from Thomas Kuhn, Newton’s method endorses the radical
theoretical transformation from his theory to Einstein’s. We shall also see that this
rich empirical method of Newton’s is strikingly realized in the development and
application of testing frameworks for relativistic theories of gravity. Finally, we shall
see that this rich methodology of Newton's appears to be at work in cosmology

today. It appears that it was realizations of Newton’s ideal of empirical success as
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convergent agreeing measurements of parameters by diverse phenomena that turned
dark energy from a wild hypothesis into an accepted background assumption that
guides further empirical research into the large-scale structure and development of
our universe.

This book is directed to philosophers of science and students studying it. It is also
directed to physical scientists and their students. Practicing scientists may well be able
to profit from this book. Almost universally, scientists describe the role of evidence in
their science as though it were just an application of hypothetico-deductive confirma-
tion. This is so even when, as I try to show in the context of General Relativity and its
empirical evidence, the practice of their science exemplifies Newton’s richer and more
effective method of turning data into evidence. This book is also directed to historians
of science and their students. I hope it can suggest how studying the role of evidence
can usefully contribute toward understanding the history of radical theory change.

I have found that attention to the details of calculations and proofs of theorems
offered by Newton in support of his inferences helped me understand their role in
affording empirical support for the propositions inferred as outcomes of theory-mediated
measurements. | have also found attention to historical details about data available to
Newton instructive. I have found historical episodes, such as Romer’s use of eclipses of
a moon of Jupiter’s to measure a finite speed of light and the observation enterprise
of Pound and Bradley initiated by Newton to obtain more precise measurements of the
orbits of Jupiter’s moons, both informative and fascinating. I have, however, attempted
to relegate such details of proofs, calculations, and specialized historical background to
appendixes so that readers who do not share my fascination for such details can follow
the main argument without getting bogged down.

I have, however, included a fairly detailed account of data cited by Newton in support
of his phenomena in chapter 2 and of his argument in chapters 3 through 8. Readers
interested in Newton’s main lessons on scientific method can focus on chapter 1,
section IV of chapter 3, sections I1.2—IV of chapter 4, and chapters 7, 9, and 10. They
would also profit from the specifically labeled sections on method in the other chapters,
without costing them very much extra time and effort to master details. The details
offered in the other sections of these chapters, and the other chapters, do strongly
reinforce these lessons on method and their historical context. I hope they will be of
considerable interest to the growing number of very good philosophers of science, who
are now taking a great interest in the details of Newton’s work on gravity and method
and in how these details can illuminate scientific method today.

In my effort to show how Newton’s argument can illuminate scientific method
today, I have appealed to modern least-squares assessments of estimates of parameter
values. T argue that Newton’s moon-test inference holds up by our standards today.
Student’s 1-95% confidence parameter estimates illustrate the basic agreement achieved
in the moon-test in Newton’s initial version, and in the different published editions, of
his Principia. Gauss’s least-squares method of combining estimates of differing accuracy

affords insight into how the agreement of the cruder moon-test estimates of the
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strength of terrestrial gravity adds empirical support to the much sharper estimates from
pendulums. The cruder agreeing moon-test estimates are irrelevant to small differences
from the pendulum estimates, but they afford additional empirical support for resisting
large differences. This increased resistance to large differences —an increased resiliency —is
an important empirical advantage afforded by agreeing measurements from diverse
phenomena.
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