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1. Preliminaries. 

      


The paper is dedicated to the philosophy of science, which was developed by the outstanding Soviet physicists, leader of a  powerful scientific community  Leonid Isaakovich Mandelstam (1879-1944). It is shown that this philosophy can be sum up  under the heading “operationalism”, its comparison with the paradigmatic operationalism of Percy  Bridgman is undertaken and its German positivist roots are indicated.
The term “operationalism” was applied to Mandelstam’s philosophy of science by the mathematician Academician A.D.Alexandrov, who in 1952 delivered a lecture at the "United Institute Colloquium" of the Physical Institute of the Academy of Sciences, where Mandelstam worked till his death. This lecture was entitled “On mistakes in the text-books on physics” and was highly critical with respect to Mandelstam and his disciples. Alexandrov took seriously dialectical materialism and criticized the presentation of modern physics in Mandelstam’s lectures as idealistic and Machist.  Alexandrov said (as it is quoted  in  [Sonin, 1994, p.181]):

This is a prescriptional view of the definition of scientific concepts, view which was developed by idealists Percy Bridgman and Philip Frank. This trend to reduce concepts to operations is a trend of subjec​tive idealism, which tends to eliminate the objective reality and to reduce everything to immediate data.   

By addressing to this meeting Mandelstam’s friends and collaborators insisted that Mandelstam’s philosophy of science is in essence materialistic.

This meeting took place in 1952 and the controversy went down to the history. Now the terms “Machist’ and “operationalist’ are no more offensive than “socialist” and “antiglobalist”. However, the present author believes that in spite of his intentions Alexandrov pointed to the real specific of Mandelstam’s philosophy of science   and the author is planning to discuss this specific.
2. How did Mandelstam formulate his operationism?

Mandelstam's operationalism is scattered among  the notes of his lectures and seminars, which constitute 4th and 5th volumes of his Complete Works.  The most comprehensive and clear of the formulations can be found in his 1933-1934 Lectures on the Theory of Relativity and 1939 Lectures on Quantum Mechanics.   Mandelstam formulated the principles of his operationalism in his discussion of the nature of physical concepts and   physical theories. 

In   Lectures on the theory of relativity, where he tended to follow directly Albert Einstein [Mandelstam, 1950a, 90-305], Mandelstam spoke mainly about the nature of concepts. He clear aware philosophical character of the problem which he posed, although he had never used the word “philosophy”.  Having outlined the problem how to reconcile the principle of relativity which had been formed in classical physics  and the principle of the constant velocity of light, the problem which, according to him,  was Einstein’s point of departure, Mandelstam stated [Mandelstam, 1950a, p.177-178] :

 In order to do this, another discussion should be launched, the discussion of the structure of physical concepts. I can not speak about it in details, for 1) I  am not a specialist in this field and do not know these matters  enough and 2) these matters would take us far  away from our problems. However, some important peculiarities, without which a physicist   can not work, we shall see. We shall see that we speak a lot of words which have no content, and confusions result from this. Let us look at some simple facts.

When we are speaking about some scientific laws, for example, Newton’s laws, we mean formulas containing x, y, z. To test these formulas we need to substitute certain numbers for x,y,z.  However to do so, we must be able to measure length.

What does it mean to measure length for a physicist?  At first he must have a unit of   length. What is the unit? This is a distance between two marks on the rod which is kept in Paris...

This is not all. Once a physicist has a unit he also needs a technique for measuring. He needs a real process that gives him a number which is, by definition, the length of the object. A physicist must have a prescription for how to measure length.

Mandelstam emphasized Einstein’s philosophical contribution to physics. He said   [Mandelstam, 1950a, p.180, 196]:  

A number of concepts is not experienced but accepted by definition in the course of cognition of the real world.    Einstein shows that it is the point that has been    overlooked and this is his great    contribution
to science... Einstein performed his great service when he elucidated that the concept of simultaneity is a concept  like the concepts of  length and the time of an event.

Discussing the physical concepts in  his Lectures on the quantum mechanics [Mandelstam, 1950a, pp. 347-415] Mandelstam seemed to follow Heisenberg’s celebrated 1927 paper where  the uncertainty relations had been formulated (he had never referred explicitly to this article). 

Mandelstam  said [Mandelstam, 1950a, p.354]:

Quantum mechanics rightly abandons prejudice that laws of macro-world are valid in micro-world. But only the mathematical part of the theory completely proceeds from this point of view.  In the text-books it does not taken sufficiently into account that prescriptions for the transaction [from the mathematical technique  to the real objects]   must differ from those in classics. 

If in classics I speak that x is the position of a material point than I mean a clear prescription: if I set properly a rigid rod graduated according to a definite prescription, than x  numbers that marking with which the point coincides. 

As far as we speak about the molecular issues this prescription is not performable…Thus having called  x  the position I only pretend that I establish the relation of it to the nature. With such a definition theory is in the air.

Mandelstam continued [Mandelstam, 1950, p.358]:   

The uncertainty relations trouble us, since calling x and p position and momentum respectively      we    are thinking about the corresponding classical magnitudes... Why do we called  p momentum? This is self-delusion again...Until   we have no new measuring prescriptions it    would be  better not    to use old terms.

He explained  the uncertainty relations as follows: 

The very definition of quantities, with which the theory works, presupposes the theoretical impossibility of simultaneous exact values of x and p. The situation is the same as in classics.  The question "What is the oscillation frequency  of a pendulum at a particular instant of time ?"  is absurd. So, the thing is in the very definition of the concept.

Mandelstam gave the usual operational (for Mandelstam, "prescriptional") definitions of the position and the momentum of a particle:  the position of the dot on a photographic plate resulting from the incidence of a particle on the plate and the curvature of the track of a particle in a cloud chamber, respectively. However he pointed out the inadequacy of such an approach: the momentum of a uncharged particle (say, neutron) can not be measured by measuring the curvature of the track of the particle in a cloud chamber.  Mandelstam stressed that the direct measurements are exceptional and outlined the theory of indirect measurement, which was not articulated by Heisenberg and the other founders of quantum mechanics. This was an important move.

I.E.Tamm commented on this move in his essay of Mandelstam’s biography  as follows [Tamm, 1991, p.275]:

As far as I know, Leonid Isaakovich was the first to include in lectures the very important distinction between direct and indirect measurements in quantum systems. The last stage in any measurement  of a quantum system necessarily has a macroscopic character. L.I. calls measurement direct when the first measurement step is macroscopic. Example: An electron incident on a photographic film leaves a blackened spot. The macroscopic coordinate of the spot, by definition, is the coordinate of the electron upon its impact on the film. It is important to note that the direct measurements are possible only for free or nearly free particles in free fields. For example, it is impossible to determine the coordinate of an electron in a hydrogen atom by placing a photographic film inside the atom.

In addition to direct measurements, indirect ones are also possible. In these we force the quantum system on which we want to make measurements to interact with another micro-system on which direct measurement are possible. The date of these direct measurements we use for theoretical calculations of the values of the quantities relevant  to the first system. Example: By measuring the angular distribution of electrons scattered by an atom, we can find the distribution of bound electrons in this atom.

 Thus Mandelstam extended the concept of operational definition by including “indirect operational definition” suggesting theoretical calculations.  With this extended operationalism he examined the foundations of quantum mechanics.

 It is more difficult to trace Mandelstam’s outline of the structure of a physical theory to its philosophical sources. To some extent this outline was close to that which had been given by some ideologist of modern physics at the turn of the century (H.Poincare, P.Duhem, K.Pearson, et. al.). In short it could  be expressed by the  scheme: mathematics + experiment. Mandelstam, however, emphasized  the prescriptional character of those rules which   relate   the mathematical technique of a theory to nature. 

 It is remarkable that Mandelstam developed in essence  his discussion of a physical theory  along the same line as the positivistically  inclined philosophers of his time (Hans Reichenbach, Rudolf Carnap, Henry Margenau) and philosophers who came out later (Karl Hempel, Ernest Nagel) kept in their discussion of  this matter. One can read in Mandelstam's Lectures on Quantum Mechanics: 

Every physical theory consists of two parts that supply each other.  I shall start by indicating what the second part is. This is a set of  equations of a theory (Maxwell’s equations, Newton’s equations, Schroedinger’s equation, etc.). Certain symbols are contained in these equations (x, y, z, vectors E and H, etc.).  With this the second part is completed.

The first part of a physical theory consists of the connections of these symbols (quantities) with the physical objects, connections, which proceed in accordance with the specific prescriptions (we must have the real objects as standards and a real measurement technique) [Mandelstam, 1950a, p.349].

The building of a physical theory can be divided into two stages... 

 First of all, one should introduce physical quantities that depend on the field to which this theory refers. Among them we assume mathematical relations (for example, in the form of differential equations).

The second stage consists of connecting the mathematical quantities with the physical objects. To achieve this, for every quantity we must formulate a definite prescription for how to attach a numerical value to this quantity  [Mandelstam, 1950a,  p.408].

Having reviewed the mathematical scheme of quantum mechanics (self-adjoin operators, the wave function, the Shrödinger equation), Mandelstam said [Mandelstam, 1950a, p.359]:

We need to coordinate the symbols, belonging to the Shroedinger equation, with the objects of nature. For a physicist to state such a relation means to give an actual prescription according to which numerical values of physical quantities could be extracted from the real objects.

Mandelstam carefully formulated his operationalism in his discussion of the non-classical physical theories, he explicitly following Einstein and implicitly following Heisenberg. However, in his 1930-1932 Lectures on Oscillations (4th volume) and in 1932-1933 Lectures on Selected Issues in Optics (5th volume) Mandelstam treated some fundamental concepts of classic physics, concepts with which he was in touch within the main portion of his research and teaching,  proceeding  from the operationalist point of view. One can point to  the operationalist essays in his big article representing  his lecture delivered at the 1931  All-Union (National) conference on oscillations [Mandelstam, 1950, pp.52-86].

It is probable that Mandelstam accepted operationalism by studding fundamental articles of Einstein and Heisenberg and after that he applied it in his  analysis of classical physical theories to which he basically contributed. It is also possible that Mandelstam came close to the operationalist point of view by solving the conceptual problems which arose in his research in classical physics and Einstein's and Heisenberg’s writings only supported his operationalistist  inclinations and stimulated their elaboration. In any way, in his lectures and articles on classical physics he was not an ostensible operationalist: he did not use the term “prescriptions” and did not discuss the definitions of concepts, but he emphasized that the problem of physical reality (in order to escape  being  a  pseudo-problem) must be posed in respect to experiments and measurements which are able to fix  things whose reality under question.   

In the next section we shall consider two examples of Mandelstam’s operationalist treatment of the conceptual problems of classical physics. 


3. Operationalism in classical physics:  paradoxes. 

The both examples are concerned with the reality of components resulting from the Fourier analysis of physical phenomena. Mandelstam summarized his view of problems which arose in connection with the Fourier expansion by stating the following: "Every expansion is correct and reasonable in relation to the experimental device which is in usage" [Mandelstam, 1955, p. 173] and "The question of the reality of the expansion into a sinus series often arises. This question reaches meaning when it is put in connection with the apparatus that    receipts oscillations" [Mandelstam, 1950a, p.119].

As one of Mandelstam's former students recalled  [Gorelik G.S., 1979, p. 153], at one of the seminars Mandelstam explained his approach to physical reality as follows. There is a collection of balls, which are big and small, ferrous and cupric. If we are sorting the balls with a sieve, the collection consists of big and small balls. If we are sorting them by magnet the collection consists of ferrous and cupric ball.

The examples, which we planning to discuss in this section, differ from each other in the physical contexts in which the problem of the reality of the Fourier components arose. The first is borrowed from radio-physics.

In 1930 in his paper in Nature the outstanding English radio-engineer Ambrose Fleming struggled with "widely defused belief in a certain theory of wireless telephonic transmission that for securing good effects it was necessary to restrict or include operations within certain width of <<wave band>>"[Fleming, 1930, p.92].

 According to Fleming, "<<wave band>> was merely a kind of mathematical fiction and does not correspond to any reality in Nature" [Fleming, 1930, p.92]. 

Fleming meant the "wave band theory" which was implied by the series expansion of the modulated signal, emitted by the transmitter. "When we sign or speak to affect the  microphone at a broadcasting studio", Fleming wrote, "the result is to cause the emitted vibrations, which are called the carrier waves, to fluctuate in amplitude but does not alter the number of waves sent out per sec". Suppose the broadcasting station emits a carrier wave of frequency p. If q is the acoustics  frequency, then the modulated vibration can be expressed by the function       


  a = A cos qt sin pt.                           (1)


However this function can be expanded as follows:  


  a = A/2 {sin (p+q)t + cos (p-q)t}.              (2)

In Fleming's opinion, the modulated signal (1) corresponds to something in Reality, whereas the "wave bands", presented in (2), are merely a kind of mathematical fiction.  Fleming with his paper about the "wave band" theory launched a polemics at Nature of 1930.

Oliver Lodge, the outstanding English physicist, contributed to the polemics [Lodge, 1930]. He greeted that Fleming, "in his admirably clear article", raised the question “Whether a mathematical alternative does or does not invariably correspond with some physical reality". In contrast to Fleming he, basing on physical properties of electro-magnetic field, argued that the "wave bands" existed.

In reacting to the "wave band" discussion Mandelstam did not mention O.Lodge's contribution to it.  As far as Fleming's position Mandelstam's aim was to disavow it. 

According to Mandelstam, any question about reality should be put against an apparatus or instrument by means of which an object, whose reality is questioned, could be fixed. "The question whether "wave bands" possess the reality has no sense. This is not a way to put a question. A transition from formula 1 to formula 2 is mere trigonometry. No reception apparatus can detect whether there is one modulated wave or three (Mandelstam's formulas slightly differed a little from Fleming's - A.P.) nonmodulated waves from three transmitters. The question about the reality of wave bands is one of the kind: what possess the reality 10=2+8 or 10=5+5?" [Mandelstam, 1955, p.177].

If we are interested in applying a higher selective receiver, the representation (1) is not helpful. This receiver gives the physical reality to that component of the sum (2) to which it tunes.  However a regular (not very selective) receiver gives the physical reality to a single modulated wave.

Mandelstam also expressed this as follows: If we use as a receiver a tuning fork it distinguishes between the components of the sum (2).  But a human ear hears the single modulated signal.  

The second example is in touch with the more complicated problem [Mandelstam, 1950a, pp.66-74]. In 1932 in his Lectures on Selected Issues in Optics Mandelstam  discussed a paradox which arose in physical applications of the Fourier integral. This paradox was physical rather than mathematical and it was eventually  connected  with the same principles of the resonance theory as the above reality of the "wave bands". However, here the problem was more complicated, for continuous spectrum is involved.  

Let  f(t) represents a wave packet,  where 


f(t) =  sin nt ,                - T/2< t < + T/2

                 f(t) = 0 ,                         t   > T/2.

We also admit that  nT = 2(N, where N is an integer. Thereby we provide continuity of the function f(t) at  t = +/- T/2.

The expansion of f(t) into the Fourier integral is
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Having calculated the Fourier factor we arrive at
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The last formulae is a superposition of infinite sinusoids which extended from t= -(    to t =+( . The paradox is formulated as follows:  Before t =- t/2 function f(t) is equal to zero. In which way the “infinite sum” of sinusoids each of which is not equal to zero turns out to be equal to zero?  

If the sinusoids had been real we should see light before the light has been switched on. It is natural to say that these sinusoids, in contrast to their sum, are not real.  However, this answer suggests a non-operationalist (according to Mandelstam, non-physical) notion of reality. 

Mandelstam proposed another solution. Taking into account the equivalence between the LHS and the RHS of (3) one can only conclude that the actions of the infinite sinusoids, into which f(t) is expanded, are summarized in such way that the result of their summation is zero. “We shall prove”, Mandelstam said, “that this is the case even for a resonator which damping is so small as we like” [Mandelstam, 1950, p.69].

Mandelstam proved that even higher selective receiver set off a continuos bond of infinite sinusoids rather than a sinusoid, with the bond sinusoids taken together adding up to zero.

Nevertheless an infinite sinusoid reaches the physical reality, too. Mandelstam considered two limit cases: 1) if nT>> ( 0/ (   and 2) if nT << ( 0 /(    where   ( 0 is the proper (eigen) frequency of a  resonator,  (  is the constant of its damping. 
The former limit case means that the damping is great and the time of damping is small with respect to the duration T.  The resonator is short of time to react to the wave packet represented by f(t). But the resonator picks up infinite sinusoids of which the wave packet consists.  Mathematically this means that by considering a corresponding differential equation, we take into account that frequency u changes about n in a small interval given by 1/T. As a result u disappears and only sin nt becomes essential. The resonator should work as if the only sin nt forces its oscillations.
Let me emphasize that we consider a special resonator with the great damping. Every regular resonator would react on the continuum of frequencies.

Thus, in Mandelstam’s lectures the operational definition for sin nt is becoming a kind of thought experiment. 

4. The comparison with P.Bridgman's operationalism.

Now we are able to compare Mandelstam's operationalism with the philosophy of science of the American physicist Percy William Bridgman, a philosophy which spread very wide, became well-known, attracted severe criticism, and received the name which we apply to Mandelstam's philosophical conception.

Mandelstam had much in common with Percy Bridgman. Both came to the philosophy of science as working physicists, both, in developing their philosophical views,  were guided  by Einstein's methodology contained in his 1905 article on special relativity, both emphasized the importance of experiment and measurement for the clarification of  physical concepts,  both saw in their philosophical accounts  a tool for criticism rather than a "doctrine", both  attacked "pseudo problems" and struggled against  "language stereotypes"  (we deliberately use a term which neither Bridgman nor Mandelstam  used and which hence is neutral with respect to them). Both Bridgman and Mandelstam explained their philosophical accounts by the same examples with "length", "time", and "simultaneity". 

  We, however, concentrate here on the difference between Bridgman's and Mandelstam's approaches. This difference can be summarized in the following four points: 

1.  In contrast to the "essentially American philosophy", as G.Holton worded it, of P.W.Bridgman [Holton, 1986, p.132], Mandelstam emphasized the inter-subjective character of his operationalism: according to him the operations which supply scientific terms with meaning,  must be repeatable and reproducible. In his Lectures on the Theory of Relativity  he especially pointed out that operations should meet the request of  "invariability and unambiguity"  [Mandelstam, 1950a, p.182].  Bridgman also spoke about his operations as physical and hence reproducible for fellows and colleagues. "In principle the operations... should be uniquely specified" [Bridgman, 1927, p.10].  However, his operationalism shows a solipsist tenor which become stronger  in his later writings. As early as 1936, his  Nature of Physical Theory demonstrated  that he regarded operations as "private", as "mine and naught else" [Bridgman, 1936, p.14]. 

 2.  Originally Bridgman restricted his "operational analysis" to the physical operations which could be actually performed. In such a way he secured knowledge with respect to contradictions which could  penetrate into it through  the "mental  operations". In his later  writings he extended his operationalism  by including the "paper and pen" operations, that is,  theoretical calculations  [Bridgman, 1938, pp. 123; 1950].  Mandelstam had never formulated his operationalism in such a rigid formulae as Bridgman's original conjunction "the concept is synonymous with the corresponding set of operations" and "if the concept is physical..., the operations are actual physical operations" [Bridgman, 1927, p. 5]. In his Lectures on Quantum Mechanics he formulated his concept of operations by including theoretical calculations as  an  essential part of the operations: as was mentioned above, he developed  the theory of indirect measurement in  these Lectures. In contrast to Bridgman's vague "paper and pen operations", Mandelstam's indirect measurements obeyed the definite rules which quantum mechanics suggested.

 3. According to Bridgman, "the concept is synonymous with the corresponding set of operations". If we have two kinds of operations, we have two concepts under one term. In his “Lectures on the theory of relativity” Mandelstam tended to express his operationalism in the same way. However, in his ”Lectures on quantum mechanics” Mandelstam seems to treat operational definition as partial interpretations of theoretical terms.  If (at least) two operational ("prescriptional") definitions can be formulated for a physical concept, one of them can be treated as an empirical sentence testable against experiment and observations and the other as a proper definition which is a convention. In another situation the former can replace the latter and the latter  can  replace the former..  

 4.  Bridgman did not devote much room to "physical reality" and "truth" in his writings. He was in touch with them only critically: his aimed the "operational criticism" of these philosophical concepts and the limitation of their applicability. Mandelstam was not concerned with these concepts either.  However his position can be called realistic. He permanently mentioned that "operations", "prescriptions" related the mathematical symbols to "nature", to the "real objects", to the "reality" rather than "experience", "observations", "sense data".
Apart from this when he wrote and spoke about the confirmation of theories, he applied the qualifications "true" and "false" to theories. 

 True, his realism was a weak kind: Mandelstam rejected the “a priori concepts”, which were given “by themselves” (see: [Mandelstam, 1950a, p. 183, 406]).  Through his lectures the picture of nature was open to discussion.  Nevertheless he retained some ontological parameters, for example, causality. This follows from Mandelstam’s notes prepared for the planned by him the second part of “Lectures on quantum mechanics”.
Thus, although Mandelstam's philosophy of science can be sum up under heading "oprationalism" indicating Bridgman's teaching, it does not lack originality. With this we arrive at the question by which the next section is entitled.

5. What philosophical tradition was lying behind Mandelstam’s 
operationalism?

Let us turn to Mandelstam’s personal trajectory. Mandelstam graduated from Strasbourg University in 1902 and till 1914 he worked for Strasbourg Institute of Physics.  It is natural to suggest that like the majority of German physicist he was influenced by positivism and Machism. Although Mandelstam’s teacher Ferdinand Braun was not an alleged Machist, he sympathized Mach, cited him in his philosophical essays and even nominated E.Mach for the Nobel Prize in physics. 

However in Strasbourg there was a person, who philosophically influenced Mandelstam very much. This was R.von Mises, whom Mandelstam met in his Strasbourg years and went on to communicate with him when they were stranded on opposite sides of the border in later years.   

According to the recollections of Mandelstam’s Strasbourg fellow Nikolay Papalexy, Mandelstam and von Mises discussed the philosophical foundations of physics [Mandelstam, 1948, p.20]: 

Leonid Isaakovich spoke often with Mises, an excellent mathematician, who also enjoyed  strict logical constructions and   sophisticated logical demarcations. Discussions with Mises, who was a leader in statistical mechanics and the theory of probability, satisfied Mandelstam's demands for complete and clear thought. Together with H.Poincare's brilliant ideas presented in his La Science et l'Hypothese, those discussions helped Mandelstam here in Moscow to elaborate complete and consistent foundations of statistical physics. 



  Who was Richard von Mises for the philosophy of science? He was an apparent positivist, a member of the Wiener Kreis, and a propagandist of Machism. As F.Stadler writes in his Introduction to von Mises’ Kleines Lehrbuch des     Positivismus, for von Mises Ernst Mach was a scientific, philosophical and moral authority. 

Mandelstam and his desciples enthusiastically greeted von Mises’ book Wahrscheinlichkeit, Statistik, und Wahrheit  (J.Springer, 1928) in which (in essence) the operational definition of probability was proposed and Machist ideology of this definition was developed. Mandelstam contributed to the rapid publication to its Russian translation [Mises, 1930], he and his disciples inspired the discussion of it at seminars and in journals in the USSR.
In his 1937 letter Mandelstam wrote to R.von Mises that he was eager to read  von Mises’ Kleines Lehrbuch des Positivismus. Einführung in die empiristische Wissenschaftsauffassung (the Harvard University Archives, HUG 4574.5, box 2).  This book was published in 1939. Although von Mises did not introduce the concept of operational definition in this book, his call to analyze physical concepts (“substance”, “field”, ‘space”, etc.) by means of their reduction to the Mach “elements of the world” was close to the critical standpoint of operationalism. Von Mises emphasized that such physical concepts could be loaded by language stereotypes. 
However, it is remarkable that although  the German positivists made a note of The Logic of Modern Physics, von Mises  did not mention Bridgman's operationalism in his 1939 Kleines Lehrbuch des     Positivismus and in previous philosophical writings. He mentioned it only in his 1951 English version of it entitled Positivism. "The physicist P.W.Bridgman", von Mises wrote, "devised in his operationalism a theory of knowledge that is closely related to, and in full agreement with, the main teachings of Mach" [Mises, 1951, p.361].  

The English version was written by von Mises in USA where he lived since 1939.  

As was mentioned above, von Mises in essence developed the operational definition of probability in his book Wahrscheinlichkeit, Statistik, und Wahrheit. It should be noted that, like Mandelstam’s definitions in quantum mechanics,   his definition referred to theoretical principles and included theoretical considerations.
It is probable that Mandelstam following von Mises and other German positivists developed in his lectures his own original version of operationalism.
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