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This book is devoted mainly to discussion of the relation between logic and physics.
The author adopts the view of the nature of logic presented by Gonseth in II 83:
that the principles of logic express general physical laws. She holds that, although
ordinary logic is adequate for classical physics, in modern physics (especially quantum
mechanics and wave mechanics) it is necessary to employ a logic with more than two
truth-values.

Th_e reviewers are not persuaded however, that the author has succeeded in es-
tablishing her major contention: that modern physics cannot be based on classical
logic. Some of the arguments she advances in support of this thesis appear strange and
unconvincing. Thus on page 5 she writes: ‘“‘Par exemple si nous nous éloignons du
monde habituel dans lequel I’apparition et la disparition des objets sont essentiellement
lides & des causes nécessaires, pour aborder celui de la physique atomique, nous as-
sistons & des phénomeénes de création et d’annihilation de corpuscules, qui conduisent
4 adjoindre aux états d’existence et de non-existence I'éfat zéro exprimant une pos-
sibilité de passage 2 I’existence. Les énoncés existentiels pour ces corpuscules ne
suivent donc pas les lois de la logique classique mais celles d’une logique trivalente
L3g.” This argument appears to rest on some sort of confusion of existence with
truth, and non-existence with falsity. In this particular case, moreover, it is easy
to avoid three-valued logic by the simple device of introducing a function § whose
domain of definition is the set of particles, and such that, if p is a particle, then f(p) is
an’interval of real numbers, to be interpreted physically as the measures (in terms of
Some unit, and relative to some origin) of the times at which p exists.

The author does not appear to appreciate the difficulties that would be involved
in the heroic task of developing quantum mechanics in the framework of non-classical
logic. In the next few paragraphs we shall review some of these difficulties (most
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of which have already been pointed out by other critics), and indicate how little the
book under review does in the way of enabling one to cope with them.

In order to base a branch of physics on a non-classical logic, it would be necessary
to present a completely formalized theory, which would set forth the logical and
mathematical, as well as the physical, principles to be used. For, if one is not to
base his reasonings on the familiar rules of classical logic, then he cannot very well
proceed until he is informed just what logical rules are to be countenanced ; and to give
an exhaustive set of rules of inference amounts to the construction of what Curry,
in XVIII 80, calls a ‘‘formal system.” _

To construct such a formal system, it would be necessary, first of all, to define the

- set of well-formed formulas: for one cannot formulate exact rules of deduction, until
one has decided just what formulas can be premises, or conclusions, of a deduction.

.- The author makes no attempt to give such a definition. In fact, she does not even tell
us what all the primitive symbols are to be (neither physical primitive symbols, nor

" logical primitive symbols): though she does assert (p 64) that a physical theory
“doit contenir parmi ses termes les termes suivants: “‘systéme physique™, “appareil
de mesure”, “mesure”’, “‘résultat de mesure”, “prévision”.” It is clear that this
assertion involves some confusion of use and mention; for certainly it would be un-
reasonable to demand that systems of physics, even if they ha.ppened to be presented
in English or German, must contain the French terms ‘‘systdme physique,” etc.
What is more important, the listing of these terms, and the discussion connected
with them, seem to imply that the author envisages an axiomatization of physics
which simultaneously embodies theoretical and experimental physics. In the re-
viewers’ opinion it would at present be extremely difficult to axiomatize any branch
of physics in a manner which would adequately formalize the notions connected with
the experimental apparatus of measurement. It is natural, for example, to take the
notion of mass as a primitive in theoretical mechanics; but we do not know how one
could give an axiomatization of mechanics in which this notion would be replaced by
notions inivolving the many possible methods of measuring mass. But in any case, to
return to the main point, the author has not anywhere given a complete list of sug-
gested primitives.

Secondly, it would be necessary to lay down logical axioms and rules of deduction.
Here the author (like Reichenbach in X 97) confines herself to a discussion of the
axioms and rules of sentential calculus. (Though even in this regard the treatment is .
by no means satisfactory.) But it was pointed out already by Church in IT 44 that a
logic adequate for physics should be able to deal with problems regarding quantification.
And it is clear, moreover, that the more difficult formal.problems are those connected
with the use of quantifiers. (Are we to have many existential quantifiers, for example,
corresponding to the many analogues of disjunction, or only one? And what are to
be the rules governing quantifiers?)

‘Thirdly, it would be necessary to specify exactly what physical principles are to be
assumed. Here again the author leaves one’s curiosity unsatisfied. (The reader may
be led to suppose that someone, somewhere, has actually presented quantum me-
chanics as a formal system. This is not the case.)

Fourthly, the formalism would also have to be sufficiently elaborate to contain the
(very considerable) parts of classical mathematics which are ordinarily used in solving
physical problems; or else it would have to be developed in such a way as to enable
the physicist to avoid the necessity of using such mathematics (something which the
reviewers have no idea at all how to go about doing). This in itself would constitute an
extremely puzzling -and laborious problem, as was pointed out by Rosser in an (un-
published) address given in December 1946 at a conference on logic at Princeton
(cf. XII 89(2), p. 12). To give an example due to ‘Rosser: since in many—va.lued logics
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‘there are ordinarily several sentential connectives which with equal plausibility can
‘be interpreted’ as sentential equivalence, and since identity of sets is defined in terms
of sentential equivalence, a many-valued logic would have many possible relations of
identity of sets; and naturally these possibilities proliferate when one considers the
relation of identity of sets of sets, cardinal numbers (which are ordinarily construed as
sets of sets), sets of sets of sets, etc.... Thus it would by no means be sufficient merely
to give axioms and rules of the formal system; it would also be necessary. to specify
which sentential connectives were to be used in defining identity, whether more than
one kind of identity was to be treated, and so on. We should be confronted with the
“formulation of a vast number of definitions, and the proof of an enormdus number of
theorems, of classical mathematics; this part of the project would be somewhat
analogous to the writing of Principia mathematica, though vastly more onerous.
Fifthly, in addition to these syntactical difficulties incident to the construction and
* development of a formal system of quantum mechanics, it was emphasized by Hempel
in X 97 that in order to.apply such a system it would also be mecessary to give it
a semantical interpretation: i.e., to give semantical rules determining the truth-value
of an arbitrary well-formed formula. Since the author never tells us even what the
‘class of well-formed formulas is to be, it is of course impossible for her to formulate
such semantical rules. An adequate treatment of this semantical problem would
probably constitute one of the most formidable parts of the whole project of basing
quantum mechanics on a non-classical logic. It should not be forgotten that about
nineteen hundred years elapsed between the time when Pilate asked his famous
question “What is truth ?”’ (St. John xviii. 38), and Tarski (28514) made a satisfactory
reply: here it was a matter of dealing with a two-valued system of logic; it appears
that, for at least some many-valued systems, the analogous semantical question
would be no easier to answer. (With regard to informal semantical distinctions, the
reviewers cannot follow the author’s attempt (pp. 24—40) to justify the introduction of
a three-valued logic by distinguishing between the false and the absolutely false.)
Thus it appears that the difficulties in the way of basing quantum mechanics on
non-classical logic are very great indeed; it does not seem unlikely to us, that the
completion of such a work might very well call for the combined efforts of several
successive generations of physicists, mathematicians, and philosophers. On the other
hand, at least some branches of theoretical physics can be presented as axiomatizations
in the ordinary mathematical sense. This means that one does not construct a “formal
system,” but merely defines a certain set-theoretical property. In the case of classical-
particle mechanics, for example, one defines the property of being a system-of classical
particle mechanics—and then studies what properties are implied by this property, -
what properties it itself has, etc. —just as in group theory one deals with the property
of being a group. Since the formulation of such an axiomatization is a much more
modest task than the one proposed by the author of the book under review, and since
it does not appear to us that she has shown that it is impossible to formulate such an
axiomatization for quantum mechanics, we feel that further attempts might first -
be made to base modern physics on classical logic—before beginning the herculean
labor of fitting it into non-classical logic. _ '
Since the author is able to cite no present development of a completely satisfactory
theory of quantum mechanics, her confidence in detailed assertions about all future
theories may well be open to doubt, as, e.g., on page 303: ‘“Théoréme 30.— Toute
théorie future remplagant les théories quantiques actuelles (et ayant par suite un
domaine d’adéquation contenant le domaine d’adéquation de ces théories) sera es-
sentiellement indéterministe.” Similar doubts may apply to Theorem 31 on page 305. .
There are some serious omissions from the rather lengthy bibliography (pp. 339-348).
Thus there is no reference to Hermes’s III 119. And the author has taken no notice of
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the criticisms which have been directed against her work, and against similar work
of other authors, by reviewers in this JournaL. There is no mention, for example,
of Nagel's reviews of .the author (II 88, IV 166), Church’s reviews of Birkhoff and .

von Neumann (II 44) and Strauss (II 45}, or Hempel’s review of Reichenbach (X 97}.
J. C. C. McKnsEY and PATRICK SUPPES



