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contradiction only if it becomes clear that this program is unable to solve
the fundamental problems. Each (n + 1)™ version of a reductionist or
synthetic sequence of theories represents a more perfect realization of a
program than the n™ version. Each of these sequences tends to a certain
limit or ideal of the global theory. It is the ideal that determines the
direction of the development of each SRP type. The third feature of a
program that enables it to develop successfully is to so-called ‘protecting belt
of auxiliary hypotheses’ around the core against which the ‘modus tollens’ is
redirected.

It should be specially pointed out that the term ‘protecting belt’ was
introduced by Imre Lakatos in order to characterize its main function: *“to
bear the brunt of tests and get adjusted and re-adjusted, or even completely
replaced to defend thus a hardened core’ (ref.”, p. 133). This notion is not
completely appropriate for my model since reductionist and synthetic hard
cores are irrefutable in it not by convention, but as a different means of
cross-contradiction elimination. Nevertheless 1 restore Lakatos’s notion
taking into consideration ‘Occam’s razor’. The protecting of the reduc-
tionist program consists of a number of assertions describing the relations
between the theoretical objects of a fundamental theory. The protecting
belt of synthetic SRP “does not actually emerge fully armed like Athene
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laws of both cross-theories; Each ideal describes, explains and predicts
experimental results, using the languages of the same partial theories belong-
ing to both cross-theories.

Verification or refutation of a reductionist global theory is verification or
refutation of a synthetic global theory also. Any consequence of a reduc-
tionist global theory may also be obtained from a synthetic global theory.
On the other hand, any consequence of a synthetic theory, referring to the
field of validity of T, and T ,, can also be obtained from a reductionist global
theory. Therefore with respect to the fields of validity of both cross-
theories, the limits of all alternative programs are empirically equivalent.
In general, the ideals of all alternative programs are empirically equivalent
only homomorphically: Each corroboration of a reductionist global theory
is simultaneously the corroboration of a synthetic global theory, but an
opposite statement is invalid.

As a matter of fact, various global theories differ in their ways of organizing
the same objects of both cross-theories into a unified body. But to achieve
more than one ideal is impossible. Only one of three alternative sequences
will tend finally to its limit. That is the reason why in a real ‘alive’ science
and history of science we can register the simultaneous existence of theories
from the sequences that belong to unfinished, alternative programs. The
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theories from unfinished programs cannot be empirically equivalent with
respect to each other in the strict meaning of the term. They are empirically
equivalent only approximately, with the accuracy to the limit approach.
Simultaneous coexistence of theories from unfinished alternative programs
became known in the philosophy of science as the ‘theory-choice’ situation.
Since the genesis of the competing theories was usually underestimated, the
methodologists falsely concluded that resolution of a theory-choice situa-
tion should consist in choosing a single theory. The account of this process
testifies to the fact that a theory-choice situation should be resolved by
choosing a program not a theory. Not theories but research programs are
decisive. A program must be chosen that can provide successfully a resolu-
tion of cross-contradiction. But let us turn to the theory of gravity at last.

§ 3. A rational reconstruction of the origin of the theory-choice situation in
the theory of gravity

Completion of the special theory of relativity (SR) gave rise to the
problems dealing with the relations of its basis (B,) to the system of basic
objects (B,) of Newton’s theory of gravity. The description of the interac-
tion of fast-moving gravitating masses, of the interaction of gravity and
electromagnetism necessitated the joint application of both theories. It was
quite natural for solving these problems to suppose that a simple conjunc-
tion of B, and B, forms a new basis. In cases the theories cross the
experimental data had to be described by the objects constructed from B,
and B,. The interpretation of gravitating as a ‘gravitational charge’ made it
possible to impose on the SR basis the restrictions that correspond to the
peculiarities of gravitational processes and to transform them into the
system of crossbred objects. It was in this way that the basic objects of the
first nonmetric theories of gravity were constructed (Lorentz, Poincaré,
Einstein, Fokker, et al.). Crossbreds belong to derivative subsystems of
both cross-theories. Relations between these objects are described both by
the laws of special relativity and Newton’s theory of gravity. But the bases
of these theories were created before they met. Each basis is a peculiar
generalization of the corresponding experimental studies carried out inde-
pendently of the investigations referring to another mature theory.
Therefore it is no wonder that the theoretical objects with incompatible
properties (resulting from the operation of crossbred-construction in one
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and the same subsystem of derivative objects of one of the cross-theories)
can appear (the situation of cross-contradiction). This happened when SR
and Newton’s theory of gravity met at the beginning of the 20* century.
Every nonmetric theory of gravity is created in full analogy with
electrodynamics. Hence the gravitational field in such a theory obeys the
Superposition Principle. This means that the field f; produced by two
‘gravitating charges’ m, and m, is a simple sum of the fields f, and f,
produced by one ‘charge’ independently of the other. But, being applied to
the gravitational field, the Superposition Principle contradicts the SR Prin-
ciple of Equivalence. According to the latter Principle, the energy of
interaction can also be the source of the gravitational field. That is the
reason why the field f, should be less than f, + f, owing to the mass defect,
i.e. due to the interaction between m, and m,. The interaction diminishes
their energy and, consequently the whole mass of the system.” The same
contradiction was pointed out by Misner, Thorne and Wheeler* when
analyzing Pauli-Fiertz theory. In this nonmetric theory the field equations
contradict the equations of motion. According to the methodological
model developed, the cross-contradiction between the SR and Newton’s
theory of gravity can be eliminated by the realization of the reductionist as
well as synthetic programs. From a logical point of view all the programs of
an adequate RTG-construction are equally admissible. But, as far as I
know, there are only two synthetic programs — metric and nonmetric —
being carried out in real ‘alive’ physics.

Poincaré’s nonmetric program began with the theories in which the gravita-
tional potential was described by scalar quantities. The attempts to bring
these theories in agreement with the results of three general relativistic
‘critical’ or ‘crucial’ experiments (the bending of light in the gravitational
field of the Sun, the red shift of spectral lines and the anomalous behavior of
the Mercury perihelion) led to the creation of a mathematically sophisti-
cated vector, tensor, scalar-vector, scalar-tensor and scalar-vector-tensor
nonmetric theories. Simultaneous existence of empirically equivalent theo-
ries relative to the famous ‘critical’ effects of General Relativity was de-
scribed as a ‘theory-choice situation in the theory of gravity’. But almost all

3 L.D. Novikov, Zeldovic Ja. B., International Conference on Relativistic Theories of Gravitation,
I, London: 1965.
% C. Misner, K.S. Thorne, J.A. Wheeler, Gravitation, W.H.G. Freeman and Company, 1973.
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nonmetric theories are fallacious. For instance: Many of them predict the
null redshift for the particle version of the theory of light and nonzero
redshift for the wave version. Almost all nonmetric theories contradict the
Weak Principle of Equivalence. Nevertheless, even the most strict and
meticulous ’static’ analysis of ready-maid, finished theories with the theory
of gravity empirical basis is insufficient. When we have shown that all
nonmetric theories, created up to now, contradict the results of a certain
experiment, who guarantees that in future time there will not be created a
nonmetric theory that could successfully explain all the difficulties? What is
necessary is the history-of-science analysis of each program: the analysis of
the process of it's genesis, development, modification, theory-change on
the basis of the ‘hard core’ and negative and positive heuristics. Within the
liberal limits of the latter ‘dynamical’ approach the following ways of
theory-choice-situation resolution have been proposed:

A. To resolve the theory-choice-situation an analysis of individual develop-

ment of one program — that of Poincaré —is sufficient. Poincaré’s program is

inacceptable since the additional hypotheses that provide for the creation of

a(n + 1)* theory on the basis of " ad hoc hypotheses (i=1,2,3 see ref® for

detailed discussion of ‘ad hoc hypotheses’ types).

A, (i=1) The subsequent theories predict nothing new in comparison
with the previous ones.

A, (i=2) Even if they predict something new, none of their predictions
has been experimentally confirmed.

A, (i=3) The additional hypothesis proposed contradicts the positive
heuristic of Poincaré’s program.

But the analysis of the Poincaré program individual development is insuffi-

cient due to the following:

A, Tensor nonmetric theory of Belinfante and Swihart quite definitely

predict the gyroscope precession in Earth’s gravitational field (see*). This

effect in principle cannot be predicted by nonmetric scalar theories.

A, Bending of light rays in the gravitational field was predicted first by the

25 E.Zahar, ‘Why did Einstein’s Programme supersede Lorentz’s’ (L,I1), The British Journal for the
Philosophy of Science, 24, p. 95 + 223, 1973.
% Alan F. Lightman, David L. Lee, The Physical Review, 7, 1973, pp. 3578-3586.
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nonmetric theory of Einstein and Fokker in 1911.7

A, It is quite possible that some ‘empirically progressive problemshifts’
have been performed within Poincaré’s program owing to radical changes
of ‘positive heuristic’. But there are also important inconsistencies in the
realization of the metric program. The most obvious example is the history
of the gravitatonal waves problem. At first, in full accordance with the
Covariance Principle, the researchers tried to construct the covariant
stress-tensor of the gravitational field. But it appeared that all the compo-
nents of this tensor must vanish identically owing to the Conservation Laws.
Then Einstein turned to the pseudotensor approach, but it roughly broke
the positive heuristic of the metric program. The introduction into the
‘tissue’ of the program of such a strange element led to various contradic-
tions. For instance, we can always choose the system of reference in which
the components of the gravitational-energy pseudo-tensor vanish.*

So, if the individual evolution of a program is insufficient, we must consider
the relative development of two programs. According to the arguments
proposed.

B comparison of Einstein’s and Poincaré’s rival programs shows that the
first of them supersedes the second. Indeed,

B, nonmetric theories predict nothing new in comparison with the metric
ones.

B, Theories from Einstein’s and Poincaré’s programs are empirically
equivalent only relative to the so-called ‘critical’ effects of general
relativity. But, in addition, to the consequences of general relativity belong
nonstationary cosmological Friedman’s solution, i.e. the Hubble shift of
the far-moving objects.”

But the arguments B,-B, are insufficient also.

B, There exists a field of investigations in the theory of gravity in which the
nonmetric theories’ predictions deviate from those of metric ones. This
field is the domain of gravitational field quantization. Quantization of the
gravitational field within a nonmetric program causes no substantial
difficulties at all. Moreover: Many nonmetric theories are specially pro-
posed for it. The majority of nonmetric authors are specialists in quantum-

2 A. Einstein, Annalen der Physik, 35, 1911, pp. 898-910.
% L. Infeld and J. Plebansky, Motion and Relativism, New York: Pergamon Press, 1960.
»  Zeldovic and Novikov, Stars and Relativity, London: Pergamon Press, 1973.
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field theory (Pauli, Thirring, Deser, Feynman, Weinberg, Belinfante,
Logunov et al.). The abstracts of many papers on nonmetric theories begin
like this: ‘the Lorenz-invariant linear field theory constructed that is easily
quantized’ (ref., p. 168). Within GR it is unclear whether it is possible to
speak even about the gravitational-waves existence. Moreover, in metric
theories the gravitational field is satisfactory quantized only in the so-called
‘linear approximation’, i.e. in the weak field approximation. But they are
the processes taking place in strong fields where the quantum-gravity
effects are significiant (see ref.’! for example).

B, The explanation of cosmological observations is not the privilege of only
metric theories. For instance: In A.A. Logunov and V.N. Folomeshkin’s
work ‘the quasilinear theory of gravitation with linear equations for a free
gravitational field is constructed and an opportunity of nonstationary
universe models is considered. The theory satisfactory describes the
redshift effect’ (abstract of ref.*?). The arguments A-B reflect a general
dissatisfaction with nonmetric theories. They are insufficient to abandon
the Poincaré program as a whole. Einstein’s and Poincaré’s programs are in
fact programs of unification of the same crosstheories. Metric theories as
well as nonmetric ones lead their way to describe the results of experiments
‘through’ the languages of both SR and Newton’s theory of gravity. That’s
why they are the terms of both crosstheories that form the vocabulary of
‘neutral language’ for rival theories comparison.® Einstein’s and Poincaré’s
program should be compared as different programs of cross-contradiction
elimination. In the course of comparison such program must be chosen
which can successfully resolve this confradiction.

Let us consider the efficiency of the cross-contradiction elimination within
the Poincaré program. The field theoretical World Picture constitutes the
basis of this program. It presupposes the consideration of gravity as a usual
physical field in flat space/time in full accordance with the ordinary
electromagnetic field. According to this World Picture the cross-contradic-
tion between SR and Newton’s theory of gravity is caused by the field

% F. Belinfante and Swihart J., Annals of Physics, 1, 1957, pp 168-182.

% S.W. Hawking, Communications in the Mathematical ysics, 43, 1975, pp.199-220.

2 A.A. Logunov and Folomeshkin, V.M. Theoretical and Mathematical Physics, 32-2-1977 (in
Russian)

# K.S. Thorne, Lightman, A.P. and Lee, A.D., The Physical Review, 7 1973, pp.3563-3578.
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equations independence from the equations of motion of the field’s
sources. In Lorentz’s Theory of Electrons this independance forced to add
to Maxwell’s equations the equations of Newton.

In physics of the first half of the 20™ century the cross-contradiction
between Maxwell’s electrodynamics and Newton’s mechanics was elimi-
nated (at least partially) in quantum theory. This theory contains classical
mechanics and electrodynamics as her own partial theories. From the point
of view of classical electrodynamics Maxwell’s linear equations are only an
approximation that describes the weak-field processes. The nonlinear
character of charge-field interaction should be taken into account by Feyn-
man’s diagram method. That’s why, in complete analogy with
electrodynamics, nonmetric theories are linear approximations only. The
nonlinear character of gravitational interactions should be taken into
account with the help of quantum-field methods (see, for example, Richard
Feynman’s report ‘Quantum Theory of Gravity’ at Warsaw International
Congress* pp. 697-698). Success in the Poincaré program realization de-
pends on the opportunity to incorporate the theory of gravity into a more
general quantum-field theory scheme. Hence the problem of gravitational
field cannot be quantized it means that the gravity basis cannot be con-
structed from the basis of quantum electrodynamics. In this case we can (in
principle) construct a gravitational analogue of Heisenberg’s y-microscope
capable to measure coordinates and velocities of elementary particles with
any degree of accuracy.

§ 4. The resolution of the theory-choice problem in the theory of gravity
The possibility of any field quantization is defined by the Bohr-Rosenfeld
analysis of ideal-measurement procedures. However, the application of
this analysis to /inear gravitational field equations leads to the following
result®: the gravitational-field quantities in the space/time regions con-
nected by a light signal can be measured simultaneously with any degree of
accuracy that is physically meaningless.
In general the Bohr-Rosenfeld difficulties exist for the interpretation of
commutation relations for all bose-fields with spin higher than 1. In this

* R.P. Feynman, Acta Physica Polonica, 24, 1973, pp. 697-702.
% A.S. Potupa, Idealized measurement procedures in relativistic quantum field theory, Minsk: 1970
(in Russian).
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sense quantum electrodynamics is a physically privileged theory. Hence,
what is good for quantum electrodynamics is inapplicable to the theory of
gravity. We can conclude that Poincaré’s program fails.

General Relativity and the metric theories realize another way of SR and
Newton’s theory of gravity unification. In the sequence of Einstein’s c.s.
papers, finished in 1939 (as well asin V.A. Fock’s c.s. investigations) it was
shown that in G.R. the equations of motion of sources are determined by
field equations. Any textbook on gravity contains the proof that SR and

Newton’s theory of gravity are the partial theories of GR.

The transition from GR to SR is dominated by the Strong Principle of

Equivalence. It states that all physical laws should reduce to that of SR in

any freely falling in the gravitational field system of reference. The transi-

tion to Newton’s theory of gravity is governed by the so called ‘weak-field
approximation in GR’. Thus, the metric program occurs to be the single
program capable to eliminate the cross-contradiction between SR and

Newton’s theory of gravity. But does it mean that we must refuse nonmetric

theories? Let us consider the transition from GR to Newton’s theory of

gravity carefully. Almost all sections of ‘the weak-field mbnnoiaw:.or in

GR'’ begin like this: Consider the weak gravitational field. In this case it is

obvious that we can choose such a system of reference in which all metric-

tensor components slightly differ from their Minkowski values g=n+h¥.

The demand to ignore the squares and other multiples of h is important for

the transition to Newton’s theory of gravity. But it means nothing else than

that the index rising operation is carried out by n the metric tensor of flat
w.vwom\:.sﬂ In the ‘weak-field approximation’ the gravitational field equa-
tions take the form of usual wave equations in flat space/time.

Consequently:

1. in the approximation considered the GR equations transform to equa-
tions of one of nonmetric theories (Pauli-Fiertz theory).

2. The basic theoretical objects of the nonmetric theory appear to be
constructed of the GR basis. It is quite natural since the weak field is
considered as a tensor in flat space/time.?

So, one of the nonmetric theories together with the SR appears to be a

necessary link connecting the basis with the system of theoretical objects of

* L.D. Landau and Lifshitz, E.M., Theory of Fields, New York: Addison-Wesley, 1971
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Newton’s theory of gravity. This fact was usually ignored, but can be
explained by the GR ways of creation. GR basis was constructed not by the
subsequent generalization of bases of less degree of generality (as Max-
well’s theory), but by the method of mathematical hypothesis.”” In the last
case the theory construction begins with the search for an adequate
mathematical formalism. The physical interpretation is given later, when
the theoretical model is justified as an idealized scheme of real interactions
(see'?). The GR construction began with the ‘high floors’ - with Einstein’s
equations. but these equations describe only the relations between GR
basic objects. The whole theory of gravity chain consists of GR, the
nonmetric theory, SR and Newton’s theory of gravity. Einstein and Poin-
caré programs are alternative only as programs of cross-contradiction be-
tween SR and NTG elimination. In all other aspects these programs are
complementary since the éxperimental gravity description necessary in-
volves the language of nonmetric theories as well as metric ones.**

Summary
A methodological model of origin and settlement of theory-choice situations (previously tested on
the theories of Einstein and Lorentz in electrodynamics) is applied to modern theory of gravity. The
process of origin and development of empirically-equivalent relativistic theories of gravitation is
theoretically reproduced. It is argued that all of them are created within the two rival programs -
metric (Einstein et al.) and nonmetric (Poincaré et al.). Each program aims to eliminate the cross-
contradiction between special theory of relativity and Newton’s theory of gravitation. The new
arguments in favor of Einstein’s program are given. But it does not mean the necessity to rule out
nonmetric theories, since Einstein’s and Poincaré’s programs are alternative only as different tools of
cross-contradiction elimination. In all the other aspects this programs are complementary: descrip-
tion, explanation and prediction of experimental results necessary involves the usage of the
languages of nonmetric theories as well as of metric ones.
The part of my investigation that is devoted to the necessity of nonmetric theories is a realization of
ideas of A.Z. Petrov, the founder of Kazan University Relativity Chair. Alexej Zinovievich fre-
quently pointed out that the notion of Riemann space/time continuum common for all metric
theories considerably complicates all notions of the theory of gravity and hampers the analogies with
other physical theories. Since the ambiguity is characteristic for all notions of general relativism the
approach to this definitions should be detemrined not by analogies and incidental facts, but by
general considerations connected with experiment, i.e. with the theory of physical measure-
ments...No matter how far the events lie out of the frames of classical physical explanations all the
experimental data should be described by classical notions® (pp. 59.66). It s a pleasure to thank the
members of Kazan University Rel y Chair for criticism and helpful advice.

R.M. Nugayev, Ph.D., born in 1953 in Kazan, privatdozent of the Kazan State University; main
interests thieory of gravity, relativistic astrophysics, methodology of science. Main publications in:

% P.S. Dyshlevy, Intction into the Philosophical Problems of Einstein’s Theory of Gravity and of
Relativistic Cosmology, Kijev: 1965 (in Russian).
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ON THE PROBLEM OF THEORY-CHOICE
by

KOSTAS GAVROGLU

National Technical University Zografu Campus, Zografu 157-73 Athens, Greece

Comment on Nugayev’s paper

Undoubtedly the problem of theory-choice is of fundamental importance
for the study of the methodological aspects of gravitational theories: The
relatively few possibilities available for their testing — possibilities which are
not few only due to technical difficulties — as well as the callenging prospects
for a quantized theory of gravity, underline the importance of the problem
of theory-choice, especially in gravitational physics. Furthermore, it is a
problem whose solution should be inherently present in each attempt to
investigate the methodological problems related to the gravitational theo-
ries. Nugayev’s paper Origin of Theory-choice in Modern Theory of Gravity
contributes positively to this problematic and its major advantage lies in his
proposal of specific processes and criteria for theory-choice, thus reminding
us of the often neglected practical character of the problem of theory-
choice.
But why is the importance of this problem of theory-choice so pronounced
in gravitational theories? Is it only because of the (few) experimental data
which do not permit us to choose between the many theories? Or is it
because the proposed gravitational theories necessarily belong to either
one of two ‘mainstreams’ or ‘programs’ — the metric and the non-metric?
Let me make some preliminary remarks:
1. Einstein’s General Theory of Relativity (GTR) is a fully developed

theory with a relatively poor record of unambiguously corroborating

evidence and immense technical complications for deriving satisfactory
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solutions for its equations. For many years after the original formulation
of the theory, there was a widespread belief that the advent of precise
experimentation for the three tests was just a matter of time, and the
theory itself became the unchallenged paradigm of relativistic gravita-
tional physics. In the last twenty five years, however, there has been a
radical change of this situatiol

) There have been various re-derivations of the GTR with cach approach suggesting a
different outlook as to what constitutes the basic principles of the theory. And since the
(necessity of the) principle of covariance has been almost unanimously accepted in all these
different approaches as being one of the fundamental principles of the GTR, what has been
almost exclusively discussed(and disputed) has been the status of the Principle of
Equivalence.

b) The fact that new experimental results were far from providing some definitive evidence in
favor of the GTR contributed to an accelerated rate in the proliferation of rival theories to
the GTR.

¢) The realization that the E6tvos-type null experiments could admit an interpretation such as
1o be able to pose questions about the ‘nature’ of gravity and space-time itself, motivated the
construction of a theoretical framework to accommodate the far reaching consequences of
the null experiments.

d) The dramatic developments in observational astro-physics and the fact that one could not
proceed to build any model for the new phenomena unless one made use of a relativistic
gravitational theory necessitated the construction of a framework within which one could
compare ‘on an equal footing’ the various relativistic gravitational theories.

For our purpose, here, the experiments which yield one way or another
information about the question related to those tackled by a relativistic
gravitational theory can be classified into three categories:

) The precise ‘null experiments’ which, when properly interpreted may provide information
about foundational aspects of the General Theory of Relativity (GTR).

b) The experiments related to the explicit tests of GTR, which again, if combined with
information from other tests and interpreted in their totality, may contribute to deciding the
issue as to the ‘correct’ theory.

¢) Cosmological discoveries. Here the experiments are not performed by creating isolated
systems in laboratories, but the whole idea of experimentation is inseparable from ‘observing
the skies’. And one, in fact, has too much information to choose from, and thus the
interpretation of the observations and their re-formulation in an experimental framework
become a crucial issue.

One notices a common characteristic feature of the experiments in-
volved in all three categories: It is the fact that in order to have as
complete an ‘exploitation’ of these experiments, one will have to devise
ways to interpret their results within a framework that guarantees as few
(hidden) assumptions about the phenomena that are manifested through
these experiments.

2. The bulk of the renewed interest in questions related to gravity after the
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mid-50’s provides either directly or indirectly an answer of varying
degrees of completeness to each of the following three interrelated yet
relatively autonomous categories of problems:

i) the continuity from the Special Theory of Relativity to the General Theory of Relativity; the
justificiation for the General Relativity Principle.

i) The study of the theoretical framework for testing relativistic gravitational theories - sinc in
attempting to test the relativistic gravitational theories one usually implicitly makes assump-
tions about gravity itself, which may eventually make very problematic the arguments used in
order to decide on the preference of one theory over another.

iii) The construction of a ‘metatheoretical’ scheme for the theories of gravitation.

Tackling the problem of gravity brings forth, at the same time, the

problem of constructing a ‘global’ theory. Globality constitutes the most

crucial common aspect of these three categories of problems, yet its
different manifestations define their relative autonomy.

The ‘problem of globality’ involves the investigation of the methodologi-

cal and physical procedures that involve the generalization or extension

of local physics to the study of global phenomena. The Principle of

Equivalence (PE) constitutes the focus of such an undertaking and its

systematic examination can be achieved by:

a) Studying the extent to which the reconstruction of the GTR necessitates the PE.

b) Examining the implicit assumptions involved in its original formulation and attempting to
propose alternative formulations.

c) Investigating the possibilities for constructing such theoretical frameworks so that the
violations of the PE can have either an observable or a theoretical effect.

Concerning the Principle of Equivalence researchers have been in-

vestigating a series of problems related to the PE attempting to answer

the following questions:

. Is the PE an axiom?

. Isit necessary at all for constructing the GTR or any other relativistic
gravitational theory?

. Is its original formulation unnecessarily constraining and may there
be alternative formulations to render less problematic both its role in
building the theory and in establishing its own truthfullness?

. Is there anything more fundamental underlying the PE in construct-
ing all the other theories of relativistic gravitation whose validity has
not yet been ruled out?

. Isit possible, by studying the PE, to devise ways for investigating the
foundations of gravitational theories (and not only of the GTR), thus
making feasible a discussion about the ‘nature’ of space-time and
gravity?
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Various answers have been given to these and similar questions by an
amazingly large number of physicists, and this re-examination of the PE
exhibits its methodological significance in the reforming of a new frame-
work within which one studies the problem of gravitation itself. The
attempts to find solutions to Einstein’s equations, to develop a consis-
tent quantum theory of gravitation, to understand the large scale cos-
mological consequences of the GTR, to decide on the proposed unique-
ness of the GTR among many other theories, comprise the main aspects
of these studies which are, in turn, influenced by the methodological
restrictions imposed by this framework.

We shall follow the ‘definitions’ of Thorne, Lee, and Lightman for our
comments.

The weak equivalence principle (WEP) states the following: If an
uncharged test body is placed at an initial event in space/time, and is
given an initial velocity there, then its subsequent world line will be
independent of its internal structure and composition. Here by
‘uncharged test body’ is meant an object (i) that is shielded, in the sense
used above in defining ‘local test experiments’; (ii) that has negligible
self-gravitational energy, when analyzed using Newtonian theory; (iii)
that is small enough in size so its coupling (via spin and multipole
moments) to inhomogeneities of external fields can be ignored. These
constraints guarantee that any test of WEP is local, nongravitational test
experiment. If the WEP is correct, then the world lines of test bodies are
a preferred family of curves (without parametrization) filling space/time
— with a single unique curve passing in each given direction through each
given event. But the WEP does not guarantee that these curves can be
regarded as geodesics of the space/time manifold; only if these curves
have certain special properties can they be geodesics. Furthermore the
Principle of Equivalence sometimes called the Einstein Principle of
Equivalence states that the WEP is valid, and that the outcome of any
local non-gravitational test experiment is independent of where and
when in the universe it is performed, and independent of the velocity of
the (freely falling) apparatus.

What will, finally, be meant by a ‘metric theory’ is any theory that
possesses a mathematical representation in which space/time is endowed
with a metric, the world lines of test bodies are the geodesics of that
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metric and the Principle of Equivalence is satisfied with the non-gravita-
tional laws in any free-falling frame reducing to the laws of special
relativity.

Nugayev is able to construct a method by which he can get rid of the
‘cross contradiction’ between theories, and make, eventually, a choice in
favor of the metric program in gravitational physics. Before commenting
on this conclusion by Nugayev, I would like to express some reservations
I have on a number of points raised by Nugayev.

a) Nordtvedt and Will do not really propose any experiments nor is the

parametrized post-Newtonian (PPN) framework important because of
its ‘ability’ to provide new possibilities for experimentation, as Nugayev
seems to suggest.

The ‘parametrized’ post-Newtonian approximation attempted to con-
struct a formalism in order to compare metric theories of gravity with
each other and with experiments. In this approximation one can in fact
construct a 'supermetric theory of gravity’: Since the only way in which
any one theory’s observables are expressed in the numerical coefficients
which multiply each term in the metric, one can construct such a 'super-
theory’ by replacing each numerical coefficient by an arbitrary parame-
ter. The special cases of this 'super-theory’ (the particular numerical
values of the parameters) are the post-Newtonian metrics of particular
theories of gravity. This ’super-metric’ is usually called the
‘parametrized’ post Newtonian metric and the post-Newtonian limit is
sufficiently accurate to encompass all solar system tests that can be
performed (with the exception of gravity-wave experiments).

The outcome of all these considerations are two statements about the
type of mathematical formalism to be used in discussing gravity. They
are seemingly unrelated to the analyses of the null experiments and they
serve primarily to delineate the vantage point from which gravity is to be
viewed. That,

Space/time will be regarded as a four-dimensional manifold, with
each point of the manifold corresponding to a physical event. The
manifold need not a priori have either a metric or an affine connec-
tion and,

The equations of gravity and the mathematical entities in them are to
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be expressed in a form that is independent of the particular coordi-
nates used i.e. in covariant form.

b) Rightly Nugayev acknowledges the crucial role of Schiff’s conjecture in
the investigations concerning space/time theories. But how is it justified
that, even a restricted proof of the conjecture can be considered as
becoming a criterion of theory-choice, and, in fact, a precondition for
making a choice between two programs? Schiff’s conjecture — if proven
—will tell us the program to which a given theory belongs. Why then this—
extremely important, of course —criterion used in order to place a theory
in either one of the two programs is, at the same time, a criterion of
theory choice as well? Theory-choice is primarily a methodological
process, whereas the partial proof of Schiff's conjecture provides a
mathematical justification for grouping the various theories. Nugayev,
in a way, is ‘pushed’ into this difficulty, because of his implicit
acceptance that the satisfaction of the WEP by a theory is an additional
manifestation of how ’satisfactory’ a theory is, thus facilitating our
choice of a theory.

Schiff’s conjecture provides the physical reasons for extending the above
choice to the choice of a program. Even though the requirement that a
theory should satify the WEP can also be considered to be a methodological
requirement, Nugayev does not explain at all why the choice of this specific
requirement and its being satified can, in fact, be justified as a criterion to
be used for theory choice. I am insisting on this point because there may be
an implicit danger of resolving a problem (that of theory-choice) by
‘transforming away’ the difficulty involved as regards to the process of
choosing by making uncritically an initial choice in favor of the WEP — a
choice which is so general and ‘natural’, that it may not seem to warrant any
further justification. This, however, cannot be the case since the particular
choice leads quite directly to deciding the program to which the theory
belongs, and this process may be confused with the process leading to the
resolution of the problem of theory choice.

Why is it, for example, that the emphasis should be on the WEP and not on
the Principle of Equivalence, since one aspect of the discussions about the
relativistic gravitational theories is concerned with the role and even
necessity of the Principle of Equivalence for constructing such a theory?
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This question should be answered as convincingly as possible when discuss-
ing the problem of theory choice since the PE (or for some the Einstein
Principle of Equivalence) in addition to incorporating the WEP, states that
the outcome of any local, non-gravitational test experiment is independent
of where and when in the universe it is performed, and independent of the
(free falling) apparatus. And it is this second feature of the PE which
provides an additional methodological advantage to this principle, since the
most serious handicap of the PE in order to fulfill its role as the positive
heuristic in the construction of the GTR and any other gravitational theo-
ries is its in-built local character and the globality of the theory that it leads
to. Einstein’s specific use of the PE eases partially this difficulty by giving
locality a curious global status: It transforms away locally the gravitational
field, making this operation valid everywhere. The fact that what is being
transformed away is the (admittedly homogeneous) gravitational field,
does not reduce globality to a series of ‘localities’, but, rather, gives locality
a global ‘range’. And since local laws are satisfied by various physical fields
and these are expressed in the form of differential equations, the problem
of the boundary conditions for these equations introduces automatically the
global nature of their solutions.

The problem of ‘replacing’ a methodological argument by a physicial
argument appears later in the paper where the ‘impossibility’ to quantize
the gravitational theories derived in the Poincaré program becomes a
criterion for preferring the metric program. Here, again, we use a physical
argument in order to replace a methodological argumentation for settling
the problem of theory-choice. In this particular case the criterion involving
the impossibility to quantize the non-metric theories is so overpowering
that there is no room and, in fact, there is no need for even considering any
other criterion in order to resolve the problem of theory-choice.

3. When deciding to use Lakatos’ methodology there is in the paper,
considerable emphasis on considering the ‘rivalry’ between two programs
as the dominant aspect of his methodology. Such may be the case in
Lakatos’ original essay. The work done, however, on Lakatos’ proposals
during the last twenty years has shifted this emphasis, and I think that today
one is obliged to consider the ‘positive heuristic’, and its relation to the
‘hard core’ of a program as being that aspect of theories whose study can
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provide the comprehension of some fine-structure features so difficult to
achieve with the other methodologies. Furthermore, Nugayev’s use of the
‘rivalry’ between the programs has quite strong overtures with logical
incompatibilities rather than the historically formed rivalries.

I do not think, however, that these reservations are such as to undermine
the originality of Nugayev’s main conclusion: By necessitating a global
theory in order to get rid of the cross-contradiction, and by proposing a
specific hard core for the programs leading to such a theory (without,
necessarily, the need for protective belt as we shall note later), Nugayev
argues convincingly that the problem of theory-choice, is, in fact, a problem
of choice between two (and maybe more) programs. The global theory, T;,
is in fact possible to be constructed because of the necessary use of both T,
and T,.

In such metatheoretical considerations, however, there have to be radical
‘readjustments’ to various concepts that have been proposed after the study
of particular theories. Nugayev does indeed proceed to such a re-in-
terpretation for the ‘hard core’. The ‘hard cores’ of the synthetic and
reductionist research programs — the two logically admissible ways for
constructing a global theory — are the ‘fundamental assertions’ of each one
separately (that basic objects of both cross-theories are considered to be
constructively independent of each other for the synthetic; and that the
bases of both cross-theories refer to different levels of theoretical object
organization for the reductionist).

The necessity of a further analysis of the hard core becomes evident in the
way Nugayev chooses to use this notion. The alternative programs — two
reductionist and one synthetic — of the global theory construction proposed
by Nugayev are, in effect, metaprograms providing the methodological
rules for the unfolding of the programs which accomodate the better known
gravitational theories. The author does not, however, seem to think that in
such constructions one need not be so loyal to Lakatos’ schema - if one is to
preserve the gist of Lakatos’ ideas - and especially to his highly problematic
notion of the ‘protective belt’. One need not retain the notion of the
protective belt — especially in such axiomatic approaches — and nothing is
really lost from Nugayev’s contribution if one is not forced to accept the
necessity to introduce protective belts.Nugayev is aware of this difficulty
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since he states that “this notion (protective belt) is not completely appro-
priate for me”. Yet he is not willing to do away with the notion altogether,
and, in fact, his quote from Lakatos (‘‘does not actually emerge fully armed
like Athene from the Head of Zeus. It develops slowly by a long prelimin-
ary process of trial and error”) is for the hard core, and cannot be ‘applied’
to the protective belt as Nugayev seems to suggest. What he considers as
protective belts can very well be a series of (Lakatosian) auxiliary
hypotheses, and, hence, to have for his programs hard cores which need not
be protected. And it is this feature of the hard core, that guarantees that a
global theory can in fact be constructed, and can resolve the contradiction
between the cross theories and can facilitate the choice between programs
and not between theories.

Nugayev, however, cannot escape from the fundamental difficulty in (re)-
constructing the various programs: The formulation of what the positive
heuristic is. He does not, really, talk at all on this matter, and it would be
interesting for his schema to venture into an analysis of this obstruse notion,
and, at the same time, comprehend the restrictions implied by such a
notion. Unfortunately, it is not so evident of what the positive heuristic may
be, and since the positive heuristic includes both a ‘physical’ as well as a
‘methodlogical’ aspect, in a program such as the one proposed by Nugayev,
the latter should be dominating.

It would have been possible, to my mind, to start the systematic attempts to
formulate the positive heuristic, in the existing potentiality to eliminate
cross-contradiction — something which seems to be intrinsic to the
crossbred-object construction.

The paper of Nugayev is also quite important in bringing to our attention
some of the ways that Lakatos’ ideas are approached within the community
of the philosophers of science in the Soviet Union. It is in this respect, that a
little more explanation of the contents of the various papers published in
Russian and which are quite crucial for the development of Nugayev’s
arguments (such as references 5, 12, 20 and 35), would have been most
welcome by many of us. Thus any of my criticism should be considered as an
attempt to elucidate some subtle points and to contribute to a more
‘economical’ formulation of the proposed schema, emphasizing, at the
same time, the attractiveness and originality of Nugayev's overall
program.
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ORIGIN AND RESOLUTION OF THEORY -
CHOICE PROBLEM IN MODERN THEORY OF GRAVITY

R.M. NUGAYEV

Kazan State University, Kazan, 420008, USSR

Introduction

§ 1. Metric and Nonmetric Programs: cold war or peaceful coexistence?
As is well-known, a situation in modern physics has arisen in which all
available experimental data have been satisfactorily described by more
than twenty relativistic theories of gravitation.! How can we eliminate
uncertainty? Already W. Shakespeare found it hard to decide whether it is
nobler in the mind to suffer the slings and arrows of outrageous fortune or
to take arms against the sea of troubles and by opposing end them? One
should make a choice in favor of one of these empirically equivalent
theories in accordance with certain rules. In philosophy of science the
situation is called a ‘theory-choice problem’.?
All relativistic theories of gravity (RTG) are proposed within metric as well
as nonmetric competing programs. A metric program (A. Einstein, H.
Cartan, R. Dicke et al.) is based on the assumption that the gravitational
field description must necessitate the application of the non-Euclidean
mathematical calculus. A nonmetric program (H. Poincaré, W. Pauli, R.
Feynman et al.) assumes that the gravitational field must be considered as a
usual physical field analogous to an electromagnetic one or to a field of
strong interactions. Gravity can be described with the only help of
Minkowski metric.
The number of gravitational theories significantly exceeds the number of

1 K.S. Thorne; Will, C.M. and Ni Wei-Tou, Theoretical Frameworks for testing relativistic gravity,
A Review, Pasadena (California): 1973.
2 E.A. Mamchur, The theory choice problem, Moscow: Nauka, 1975 (in Russian).
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gravitational experiments, but there are only two principal programs being
carried out. Is it possible to make a choice between programs without
theories? A ‘theory choice problem’ can be solved in principle. For
instance, the choice of an adequate theory within a metric program is
possible due to the PPN experiments of Nordtvedt and Will.*

In the sixties A. Schiff maid a conjecture as a means to make a choice
between two programs: All theories of gravity which satisfy the weak
equivalence principle (WEP), i.e. predict a unique composition-indepen-
dent trajectory for any test body at a given point of space/time and with a
given initial velocity through that point, must satisfy the Einstein principle
of equivalence (EEP), i.e. must show that the nongravitational laws of
physics are the same in every freely falling frame. When applied to relativis-
tic theories of gravity, Schiff’s conjecture says that every theory satifying
WEP is necessarily a ‘metric theory’ and belongs to a metric program.
Plausibility arguments have frequently been given for the conjecture, but
there have been few detailed calculations that bear upon its validity or
invalidity. In 1973 Alan F. Lightman and David L. Lee (California Institute
of Technology, Thorne’s group) worked out the method of testing of a
relativistic theory of gravity on WEP (well founded by the experiments of
Eo6tvos, Dicke and Braginsky). Having applied the method to all nonmetric
theories they had found in the published literature Lightman and Lee ruled
out all of them (nonmetric theories of Belinfante and Swihart, as well as of
Naida and Capella, previously believed to agree with all current experi-
ments). But was the ‘theory-choice problem’ solved in principle? The
answer is no. As Lightman and Lee point out, “Schiff’s conjecture is so
sweeping that it will probably never be proved with complete generality.
(Such a proof would require a moderately deep understanding of all gra-
vitation theories that satify WEP including theories not yet invented, and
never destined to be invented. Such understanding is well beyond one’s
grasp in 197374

On the other hand, one can gain useful insight by proving restricted
versions of the conjecture, and by searching for the most general versions
that are provable. For example, one might first analyze test bodies with

» K. Nordtvedt, Parametrized post Newtonian Framework, The Physical Review, 169, 1968, pp.
1017-1031.
+ AP. Lightman, D.L. Lec The Physical Review, 8-2-1873, pp. 364-377.
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purely electromagnetic internal interactions and attempt to show that
particles and electromagnetism must interact with gravity in the manner of
metric theories so that WEP be satisfied. Next one might analyze purely
nuclear systems and attempt to show that nuclear fields must couple to
gravity metrically. But unfortunately, even a general proof of Schiff’s
conjecture for bodies with internal electromagnetic interactions is too much
to expect. To make it manageable, one must assume some restricted form
for the interactions.

The aim of this paper is to develop the Schiff program further and to
strengthen arguments in favor of metric theories. (Yet, as a byproduct of it
it turns out that they are some nonmetric theories, but not the nonmetric
program itself, that must be ruled out. This program appears to be a
necessary link connecting the theoretical basis with the experimental one).

This paper was initiated by the author while examening a nonmetric theory
of gravity on the WEP carried out at the Kazan State University.® The
theory considered contradicted WEP indeed. But even it’s examination
demanded some alterations of Lightman-and-Lee’s rules. The alterations
appeared to be so considerable that they shocked me into realizing that
empirical methods were not always convincing. One of Lightman-and-
Lee’s restrictions appeared to be completely inapplicable to the whole class
of nonmetric theories. Later on it became even clear that in order to
develop Schiff’s approach we must give up the traditional individual com-
parison of each RTG with experiments.® Not theories, but programs are
decisive. To solve the theory-choice problem in principle we have to
consider the relative development of Einstein’s and Poincaré’s programs,
i.e. apply Imre Lakatos’s Methodology of Scientific Research Programs.”
The Methodology of Scientific Research Programs (SRP) develops stan-
dards for the evaluation op scientific change that are not applicable to an
isolated theory or a conjunction of theories, but rather to a research

program, with a conventionally accepted ‘hard core’ and a ‘positive heuris-
tic’ which defines problems, outlines the construction of a belt of auxiliary
hypotheses, foresees anomalies and turns them into examples, all according

5 R.M. Nugayev, ‘R
Russian).

¢ F. Suppes, What is Wrong with the Received View on Scientific Theoric
East Lansing, 39-1-1972, pp. 1-19.

7 1. Lakatos ‘Falsification and the Methodology of Scientific Research Programmes’ in Criticism
and the Growih of Knowledge, 1, 1970

ty and Gravitation', Kazan State University Press, 13, 1976, pp. 91,98 (in

Philosophy of Science
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to a preconceived plan. The standards of Lakatos estimate the evolution of
a program and not its shape at a definite time. And the evolution is
estimated only in comparison with the evolution of rivals, not by itself.
Research programs can be evaluated in terms of progressive and degenerat-
ing problemshifts. The progress of one program P, is a vital factor in the
degeneration of its rival. If P, constantly produces ‘novel facts’ these, by
definition, will be anomalies for the rival program P,. If a research program
progressively explains more than a rival, it 'supersedes’ it, and the rival can
be eliminated. But did the metric program supersede the nonmetric one?

Before answering this question we ascertain that the methodology of SRP
has its drawbacks.® First, Lakatos’s primary model of programs’ competi-
tion is too rough to describe the origin of theory-choice situations. What
does Lakatos’s model look like?: “When two research programs compete,
their first ‘ideal’ models usually deal with different aspects of the domain
(for example, the first model of Newton’s semi-corpuscular optics de-
scribed light-refraction; the first model of Huyghens’s wave optics - light
interference). As the rival research programs expand, they gradually
encroach on each other’s territory and the n™ version of the first will be
blatantly, dramatically inconsistent with the m* version ofthe second™” (p.
158). But unfortunately, neither in ‘Falsification and the Methodology of
Scientific Research Programs’, nor in his later works, Lakatos explains the
following properties of the competition process.

(i)  If the ideal models of the first program are dealing with one aspect of
the domain while the ideal models of the second program are dealing
with another, how can theories in both programs lead to the same
empirical consequences? The existence of a theory-choice situation is
considered merely a fact of external history.

(i) Lakatos’s primary model admits the cases where N (N>2) rival
programs compete. Though actual appraisals are always comparative
in the methodology of SRP, the single criterion in terms of these
appraisals is applicable only to an individual research program.
Choosing between several programs, one first locates each in-
dividually on the fruit-fulness scale, and only then one does compare

* R.M. Nugayev. The History of Quantum Mechanics as a Decisive Argument favoring Einstein
over Lorentz, Philosophy of Science, 52-1-85 pp. 44-63.
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them.’ Since the competing programs deal first with different aspects
of the field, we can imagine a situation with N (N>2) rival programs.
Some of them degenerate while others remain predicting novel facts,
each with respect to its own aspect. In such cases Lakatos’s rules of
SRP-elimination seem to be insufficient.

(iii)  All case studies on the methodology of SRP' consider rwo competing
programs. Why only two? In Lakatos’s methodology facts about
competition of two programs belong to the external history. But,
according to I. Lakatos, each methodology (or theory of rationality
of scientific progress) provides a theoretical framework for the ra-
tional reconstruction of the history of science. All methodologies
function as historiographical or metahistorical research programs.
The normative-historiographical version of the methodology of SRP
supplies a general theory of how to compare rival theories of ra-
tionality in which history may be seen as a ‘test’ of its rational
reconstructions. All methodologies may be historiographically
falsified. But ‘falsified’ should not be read in a ‘naive falsificationist’
sense. It must be taken in a more liberal way and developed for the
methodology of SRP. Though methodologies may not be falsified
individually, they may be evaluated in pairs, the first prize being
given to the one that fits the larger range of historical facts. The
methodology of SRP supersedes the others because it ‘predicts’ or
‘postdicts’ novel historical facts, unexpected in the light of extant
historiographies as the result of historical research. It expands the
range of internal explanations reclaiming ground from external his-
tory. Yet, according to Lakatos’s own standards, each methodology
that expands the range of internal explanation in comparison with the
methodology of SRP, supersedes it. For instance, the methodological
model, that will be presented in section 2, changes the fact of the
competition of two programs from external (in Lakatos’s methodol-
ogy) into one internal

° T.S. Kuhn, The Halt and the Blind: Philosophy and History of Science, British Journal for the
Philosophy of Science, 31, 1980, p.181-182.

10 C. Howson (Ed.) Method and Appraisal in the Physical Sciences: The Critical Background to
Modern Science, 1800-1905, Cambridge: Cambridge University Press, 1976.

1 R.M. Nugayev, A Study of Theory Unification, British Journal for the Philosophy of Science, 36,
1985, pp.159-173.
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(iiii) A real competition process can arise only when the rival programs are

alternative. This means that the decision to accept one of them should
simultaneously be the decision to abandon the other. Therefore the
hard cores of alternative programs should be incompatible. And this
is exactly the case when each novel prediction of the program appears
to be a vital factor in the degeneration of its rival. All ‘novel facts’
produced by one program will be ‘puzzling anomalies’ to another
only when their fields of validity coincide. But the Lakatos model
dealing with different aspects of the field admits the existence of
complementary programs (corpuscular optics, wave optics and the
quantum theory of light).
So, in the course of its further development, the Methodology of SRP
should properly explain and theoretically reproduce the process of
origin of theory-choice situations. Hence, having criticized the
methodology of Lakatos, I would like to suggest a modified version of
it, and show how this modified version can deal successfully with the
program competition in modern theory of gravity. Therefore, in the
second section of this paper I will present a methodological model of
theory-choice situations which in the third and fourth section will be
applied to gravity.

§ 2. The methodological model of occurrence and resolution of theory-
choice situations

An abstract theoretical object of a set of abstract theoretical objects of
any mature theory belongs either to a subset of basic theoretical objects or
to a subset of the derivative theoretical ones.'> According to their defini-
tions, the relations between basic objects are described by fundamental
laws of the mature theory. The relations between the derivative objects are
described by the consequences from the fundamental laws. For instance'2:
‘the electric field at a point’, ‘the magnetic field at a point’, and ‘current
density’ are the basic theoretical objects of Maxwellian Electrodynamics.
The relations between them are described by Maxwell’s equations.
‘The material point’, ‘the force’, ‘the inertial system of reference’ are the

V.S, Stjopin, The Formation of Scientific Theory, Minsk: Belorussian University Press, 1976 (in
Russian)
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basic theoretical objects of Newtonian mechanics. The relations between
them are described by Newton’s laws. The derivative objects of Newtonian
mechanics are: ‘an absolutely rigid body’, ‘central field’, ‘harmonic oscilla-
tor’, etc. The relations between them are described by the particular laws of
Newtonian mechanics: that is, by the laws of a rigid rotation, movement in
central field, etc.

The basic objects form the basis of a mature theory. It means that each
derivative object can join the system of theoretical objects only as a result
of constructing it from the basic objects according to certain rules. The basic
theoretical objects are constructively independent: none of them can be
constructed from the others.

So, the abstract objects of each mature theory are organized in a compli-
cated system including the subsystems connected with each other according
to the level-hierarchy principle.'>!* The subsystems of the lower level are
subordinated to a basic subsystem.

Completion of the creation of any mature theory (for example T,) gives
inevitably rise to questions about the relation of T,’s basis (B,) to the system
of basic objects (B,) of another mature physical theory T,. Are basic
theoretical objects B and B !, (k, 1 = 1,2,...,n...,m) constructively inde-
pendent? Or is it likely that (B,) belongs to a subsystem of derivative
objects of T,? It is impossible to answer this question without taking into
account the following peculiarities of the derivative-object-construction
rules.

A The rules for construction of the derivative objects from the basis are not
clearly and definitely formulated algorithms. They are vaguely determined
by the problem-solving examples or paradigms included in the theory
during the process of its genesis.'

B Application of these rules for reducing the basis to the subsystem of the
derivative objects presupposes that one should take into account the
peculiarities of empirical reality.”? These peculiarities vary from field to
field.

The account A to B demonstrates how exhausting it is to reveal that T, is
subordinate to T, or vice versa. Therefore in everyday scientific practice

3 H. Margenau, The Nature of Physical Reality, New York, 1, 1950.
¥ T.S. Kuhn, The Structure of Scientific Revolutions, second edition, Chicago: Univ. Press, 1969.
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simple minded conjunction of B, and B, usually is assumed to form a new
basis. The true necessity of analyzing the intricate interrelations of B, and
B, emerges in science only when the use of both theories together is needed
to explain certain experimental data. It is usually assumed that the data can
be described by a system of derivative objects constructed from the basic
objects of both theories. Utilizing V.P. Bransky’s notion'* we will call such
derivative objects ‘crossbred objects’ or simply ‘crossbreds’. The system of
derivative crossbred objects will be the subsystem of T, and simultaneously
the subsystem of T,. The relations between the crossbreds will be described
by both laws of T, and T,. The process of T, and T, joint application for
solving a problem will be called ‘theories cross’, while T, and T, will be
called ‘cross-theories’.

The set of statements describing the relations between the crossbreds will
be called ‘crossbred theory’. For instance, the completion of Maxwellian
electrodynamics gave rise to problems dealing with the relations of its basis
to the system of basic objects of Newtonian mechanics. Problems of a
theoretical description of a black-body radiation spectrum, electromagne-
tic radiation process, construction of a theoretical model of an atom and
some others necessitated the joint application of both theories (Poincaré,
1890, Planck, 1906'7, Einstein, 1909, We will consider one of these
examples more thoroughly.

While solving the problem of theoretical description of a black-body radia-
tion spectrum J. Jeans (1905') and R. Rayleigh (1905) investigated the
system of standing electromagnetic waves in a closed cavity. The treatment
of such waves as a system of harmonic oscillators (the construction of
crossbred theoretical objects) enabled them to use a well-known law of
statistical mechanics (the equipartition theorem). For the first time the
temperature and frequency dependence of blackbody radiation energy
were discovered in this way. The system of crossbred theoretical objects,
the correlations of which form a model of black-body radiation, is the
subsystem of classical electrodynamics (i.e. the system of standing

s V.P. Bransky, The Problem of Synthesis of Relativistic and Quantum Principles, Leningrad:
Leningrad University Press, 1973 (in Russian).

16 H. Poincaré, Electricité et Optique: Cours de physique mathematique, Paris: L. Carre, 1890.

7 M. Planck, Vorlesungen iiber die Theorie der Wirmestrahlung, Leipzig: J.A. Barth, 1906.

8 A Einstein, Physikalische Zeitschrift, 10, 1909, pp 817-825.

19 J.H. Jeans, Philosophical Magazine, 10, 1905, pp. 91-98.
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electromagnetic waves). On the other hand, it is this model that forms the
subsystem of derivative objects of classical mechanics (a mechanical system
with an infinite number of degrees of freedom). The relations between the
crossbred objects are described both by T, statements and T, statements.
The crossbreds belong to the subsystems of both theories.

Hence the operation of constructing crossbred objects is identical with that of
endowing the crossbred objects of each crosstheory with new properties. The
systems of derivative objects of each crosstheory were constructed before
they met. Each of these systems is a peculiar generalizaiton of the corre-
sponding experimental studies carried out independently of the investiga-
tions referring to another mature theory. Therefore it is no wonder there
can appear theoretical objects with incompatible properties resulting from
the operation of crossbred construction in one and the same subsystem of
derivative objects of one crosstheory. The appearance of an object with
incompatible properties was characterized here by physicists as ‘ultraviolet
catastrophe’ (P. Ehrenfest). As a result of constructing a crossbred system
the electromagnetic field appeared to possess an additional property, trans-
ferred from mechanics, thatis ‘to be a mechanical system with infinite
number of degrees of freedom.’ Einstein independently of Rayleigh and
Jeans, making use of classical statistics, demonstrated that at an arbitrary
but finite temperature, the density of the electromagnetic field should be
infinite. Indeed, at an arbitrary finite temperature on each degree of
freedom there falls one and the same amount of energy proportional to
temperature. However, the infinity of the electromagnetic field density is
incompatible with the second principle of thermodynamics which is pro-
perly based from a statistical-mechanical point of view. One can always
extract energy from a cavity containing such radiation and start the per-
petuum mobile of the second kind. Therefore, the property of thermal
radiation being a mechanical system with an infinite number of degrees of
freedom is incompatible with its property ‘to be a system of standing
electromagnetic waves’.

A system of theoretical statements is that of statements dealing with the
relations between abstract theoretical objects. Therefore, in the system of
derivative objects, the objects characterized by incompatible properties
should give rise to mutually contradicting statements in both crosstheories.
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Bearing in mind Podgoretzky’s and Smoroddinsky’s notion®. I will note the
appearance of incompatible statements when the theories cross by ‘cross-
contradiction’. To give an example, it suffices to list statements in the black-
body radiation theory. ‘There exists heat equilibrium of radiation with
matter’ (the theorem follows from the second law of thermodynamics (cf
Planck, 1906"7), and ‘there does not exist heat equilibrium of radiation with
matter’ (the consequence of Rayleigh-Jeans law, cf Lorentz, 1909%'). The
cross-contradiction results from the crossbred-object construction. To
eliminate this cross-contradiction, one should think of theory T, satisfying
the requirement: it should comprize both cross-theories so as to exclude the
opportunity of constructing crossbreds. Theory T, we will call a ‘global’
theory. According to a methodological model 1 develop, two ways of
global-theory creation are logically admissible: ‘reductionist’ and
’synthetic’.

(R): Application of a reductionist method of creating a global theory is
based on the asumption that the bases of both cross-theories refer to
different levels of theoretical object organization. Hence D, the domain of
validity of T,, is part of D,, the domain of validity of T,. The basis of T,
acquires the title of a ‘true basis’. And T, isa ‘fundamental theory’, while T,
is a ‘phenomenological’ one. To make sure the validity of a phenomenologi-
cal theory, one has to construct its basic objects from the basis of a
fundamental theory and prove that its main laws follow from those of a
fundamental theory. Lastly, the basis of a phenomenological theory should
occupy the place of a derivative system of fundamental theory. The oppor-
tunity to construct a phenomenological basis from the basis of a funda-
mental theory should also be grounded. The problems proving such oppor-
tunities are of special importance. They are called ‘fundamental problems™
(C): The application of a synthetic way of creating a global theory is based
on the following assumption. Basic objects of both cross-theories are
supposed to be constructively independent of each other. Their bases
belong to one and the same object-organization level. Hence, cross-con-
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