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“Picture theories” in Boltzmann, Hertz, and Wittgenstein

There has been a general consensus that the picture theory in Wittgenstein’s Tractatus 
was inspired by Hertz (or by Boltzmann and Hertz).

“The picture theory comes almost in its entirety from Hertz. Wittgenstein was the first, perhaps, to 
apply the picture theory of meaning to the whole of language, but not the first to apply it to a part.”  
(Griffin 1964,.99)

“Hertz and Boltzmann gave [Wittgenstein] the idea of a mental picture or correlate of reality in 
which all that was essential was the logical structure of (in their case) the scientific theory involved.”  
(McGuinness 1988, 84)

“…while Hertz applied the picture theory to the field of physics, Wittgenstein extended the concept to 
the entire set of propositions without its restriction to the language of physics.” (Grasshoff 1998, 244)
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“Many commentators agree that Wittgenstein took the idea that propositions are Bilder (models), or at least the 
terminology of Bilder, from Hertz, or from Hertz and Boltzmann... commentators have gone on to claim either that 
the account of representation in the Tractatus derives from Hertz, or that Wittgenstein took over from Hertz a 
picture theory of meaning… 

Attempts to establish anything like a detailed and genuine identity between their views in either of these 
respects are problematic, though… Wittgenstein may have found what Hertz said attractive, but even if 
[Hertz] did develop a theory of representation or a picture theory of meaning, neither was something that 
[Wittgenstein] just took over from Hertz, fully formed”  (Preston (2016), pp.113-114) 

In this talk I will argue for the following: 

(1) When Wittgenstein first articulated his picture theory, there is little reason to 
think that he was engaging directly with either Boltzmann or Hertz.  

(2) Nevertheless, there is a central and important commonality between 
Wittgenstein’s picture theory and Hertz’s (and a contrast with Boltzmann’s).

Or as John Preston has summarized more recently:
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Overview

1. Physics in the nineteenth century 

2. Hertz’s descriptionism & Boltzmann’s atomism 

3. The emergence of Wittgenstein’s picture theory 

4. Hertz’s “dynamical models” in the Tractatus
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1. Physics in the nineteenth century
The rise of “descriptionism”

A. The early nineteenth century: Laplacian physics 
“Laplacian physics can be interpreted as an attempt to realize a supposedly 
Newtonian ideal of a science that would account for all phenomena — on the 
molecular as well as the terrestrial and celestial scale — in terms of attractive or 
repulsive central forces acting between the particles of matter.” (Fox 2014, 406)

“[Yet] by the mid-1820’s, the intricate structure of Laplacian physical science had 
collapsed, leaving just a few increasingly isolated diehards to pursue the chimera that the 
program and its attendant beliefs were then generally recognized to be…” (Fox 1974, 109)

“To make it possible to think physically and concretely without having to adopt a 
dubious physical hypothesis, Maxwell urged the use of analogies… The use of particles 
to couple the vortices [in “On Physical Lines of Force”] was not intended to be ‘a mode of 
connexion existing in nature,’ but rather only ‘a mode of connexion which is 
mechanically conceivable and easily investigated’…”  (Klein 1973, 68)

B. The middle of the nineteenth century: Maxwell’s physical analogies 
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C. The late nineteenth century — the rise of “descriptionism”

“[Descriptionism] signifies the least common denominator among conventionalism, 
instrumentalism, nominalism, etc.; and tolerance, even encouragement, of diverse, partial or 
complementary approaches to physical theory. Descriptionism recommends withdrawal from 
big questions and relaxation of claims to knowledge of truth.” (Heilbron 1982, 51)

An important early statement of the idea that physics should only describe 
(not explain) — Robert Kirchhoff:

“[The task of mechanics is merely to] describe completely and in the simplest way the motions 
occurring in nature.” (Kirchhoff 1872; quoted in Jungnickel and McCormmach 1986, 126)

By the time we reach the 1890s, one of the main inheritors of Kirchhoff’s 
philosophy was Hertz. As Boltzmann puts it:

“…much influence was gained by the view that it could not be the task of theory to see through the 
mechanism of nature, but only to set up the simplest possible differential equations starting from 
the simplest possible assumptions... as Hertz puts it rather characteristically, the task is 
merely to represent directly observed phenomena in bare equations, without the colorful 
wrappings of hypotheses that our imagination lends them.”  (Boltzmann 1974 [1892], 7)

John Heilbron 
1934-2023
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2.(i)  Hertz’s descriptionism
In the context of his theoretical work on electromagnetism, Hertz is clear that his 
interest is in seeking out the systems of equations which lead to accurate 
descriptions and predictions of the observable phenomena.

“To the question, ‘What is Maxwell’s theory?’ I know of no shorter or more definite answer than the 
following: Maxwell’s theory is Maxwell’s system of equations. Every theory which leads to the 
same system of equations, and therefore comprises the same possible phenomena, I would 
consider as being a form or special case of Maxwell’s theory” (Hertz, 1893, 21)

“If we wish to lend more color to the theory, there is nothing to prevent us from supplementing all 
this and aiding our powers of imagination by concrete representations of the various conceptions 
as to the nature of electric polarisation, the electric current, etc. But scientific accuracy requires 
of us that we should in no way confuse the simple and homely figure, as it is presented to us 
by nature, with the gay garment which we use to clothe it.“  (Hertz, 1893, 28)
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In the context of his theoretical work on mechanics, the same descriptionist 
tendency is on display. Furthermore, this is where Hertz states his picture theory.

“The most direct, and in a sense the most important, problem which our 
conscious knowledge of nature should enable us to solve is the 
anticipation of future events… In endeavoring thus to draw inferences as to 
the future from the past, we always adopt the following process: we form for 
ourselves simulacra or symbols of external objects; and we form them in 
such a way that the necessary consequents of the pictures in thought are 
always the pictures of the necessary consequents in nature of the things 
pictured.” (Hertz 1899, 1)

“The pictures which we here speak of are our conceptions of things. With the things themselves they are in 
conformity in one important respect, namely, in satisfying the above-mentioned requirement. For our 
purpose it is not necessary that they should be in conformity with the things in any other respect whatever. 
As a matter of fact, we do not know, nor have we any means of knowing, whether our conceptions of 
things are in conformity with them in any other than this one fundamental respect.” (Hertz 1899, 1-2)
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2.(ii)  … & Boltzmann’s atomism
Boltzmann did not feel himself aligned with the descriptionist vogue of his times. 
From his perspective, hypotheses play a very important role in theoretical physics.

“…hypotheses that leave some play to fantasy and go more boldly beyond what is given will give 
constant inspiration for novel experiments and thus become pathfinders to totally unsuspected 
discoveries.” (Boltzmann 1974, 161)

In particular, Boltzmann  thought that the hypothesis of atomism must be 
acknowledged as well established and theoretically fruitful. (Boltzmann felt himself 
quite isolated on this point!)

In his own formulation of mechanics Boltzmann begins with an explicit statement of 
atomism,  thus proceeding “by means of a method that is the very opposite of the 
modern [descriptionist] one” (Boltzmann 1974, 228).
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Summing up: where Hertz seeks out austere systems of equations, Boltzmann is much 
more willing to rely on ontological hypotheses.

“[I have endeavored] to limit as far as possible the number of those conceptions which 
are arbitrarily introduced by us, and only to admit such elements as cannot be removed 
or altered without at the same time altering possible experimental results. It is true, that 
in consequence of these endeavors, the theory acquires a very abstract and colorless 
appearance… Nevertheless, I believe that we cannot, without deceiving ourselves, extract 
much more from known facts than is asserted in the papers referred to.” (Hertz 1893, 28)

“That there are such tiny individual things [as atoms] whose joint effect first forms bodies 
perceivable by the senses is of course only a hypothesis; just as it is only a hypothesis that 
what we see in the sky is caused by celestial bodies of such size and distance… Perhaps one 
day a hypothesis that the stars are mere sparks of light will explain celestial phenomena better 
than our current astronomy, but it is unlikely. Perhaps the atomistic hypothesis will one day 
be displaced by some other, but it is unlikely.” (Boltzmann 1974, 17)
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3. The emergence of Wittgenstein’s picture 
theory

In the wartime Notebooks during the autumn of 1914:

“That a sentence is a logical portrayal [logisches Abbild] of its meaning is obvious to the uncaptive eye.” 
(20 September)

“A sentence can express its sense only by being the logical portrayal of it!”  (27 September)

“In the proposition a world is as it were put together experimentally. (As when in the law-court 
in Paris a motor-car accident is represented by means of dolls, etc.) 
     This must yield the nature of truth straight away (if I were not blind).”  (29 September)
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Our immediate question: what motivates Wittgenstein’s picture theory? What is he 
thinking about when he hits upon the idea?

“Logic must take care of itself.” (22 August)

“The logical identity between sign and thing signified consists in its not 
being permissible to recognize more or less in the sign than in what it 
signifies.” (4 September)

“Remember that even an unanalyzed subject-predicate proposition 
is a clear statement of something quite definite.” (7 September)

“A proposition like ‘This chair is brown’ seems to say something enormously complicated, 
for if we wanted to express this proposition in such a way that nobody could raise objections to 
it on grounds of ambiguity, it would have to be infinitely long.” (19 September)
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A Russellian conception of the task of philosophy: discovering the basic logical 
categories (particulars, predicates, and various orders of relations).

“In logic you are concerned with the forms of facts, with getting hold of the different sorts of facts, 
different logical sorts of facts, that there are in the world.”  

(Russell (1972) [1919], The Philosophy of Logical Atomism, p.48)

In 1914 and 1915, Wittgenstein has already started moving in a different direction:

“If syntactical rules for functions can be set up at all, then the whole theory of things, properties, etc., is 
superfluous. It is also all too obvious that this theory isn’t what is in question either in the Grundgesetze, 
or in Principia Mathematica. Once more: logic must take care of itself.” (22 August)

“There doesn’t after all seem to be any setting up of a kind of logical inventory as I formerly imagined 
it.” (19 June 1915)
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What is the relationship between our ordinary 
sentences and “real logical forms”?

When we understand a sentence, we understand 
the sense of that sentence (not more, not less).

An ordinary (unanalyzed) sentence makes a 
definite claim that can be true or false.

How can we characterize the sense of an 
ordinary sentence while also acknowledging that 
a logical analysis of the sentence is possible?

“We may indeed say: We have signs that behave 
like signs of the subject-predicate form, but does 
that mean that there really must be facts of this 
form? That is, when those signs are completely 
analysed?” (3 September)

“The logical identity between sign and thing 
signified consists in its not being permissible to 
recognize more or less in the sign than in what it 
signifies.” (4 September)

“Remember that even an unanalyzed subject-
predicate proposition is a clear statement of 
something quite definite” (7 September).

“A proposition like ‘This chair is brown’ seems to 
say something enormously complicated…” (19 
September)
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This is when Wittgenstein lands on the idea of the picture theory.

“The general concept of the proposition carries with it a 
quite general concept of the co-ordination of proposition 
and situation: The solution to all my questions must be 
extremely simple.” (29 September)

“That a sentence is a logical portrayal of its meaning is obvious 
to the uncaptive eye.” (20 September)

“A sentence can express its sense only by being the logical 
portrayal of it!” (27 September)

So at least one important point to note:  neither Boltzmann nor Hertz seem to have 
anything to do with it.

But wait…
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4. Hertz’s “dynamical models” in the 
Tractatus

4.01 A sentence is a picture of reality. 
   A sentence is a model of reality as we imagine it. 

4.02 We can see this from the fact that we understand the sense of a propositional sign without 
its having been explained to us. 

4.03 A sentence must use old expressions to communicate a new sense. 
   A sentence communicates a situation to us, and so it must be essentially 
connected with the situation. 
   And the connection is precisely that it is its logical picture. A sentence states something only in 
so far as it is a picture. 

4.04 In a sentence there must be exactly as much as is distinguishable as in the situation 
that it represents. 
   The two must possess the same logical (mathematical) multiplicity. (Compare Hertz’s 
Mechanics on dynamical models.) 

4.05 Reality is compared with sentences. 

4.06 A sentence can be true or false only in virtue of being a picture of reality.
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Dynamical models capture the degrees of freedom of mechanical systems, i.e. the 
necessary and sufficient information for writing down those systems’ equations of 
motion. Note that very different physical systems can be described by the same 
equations of motion.

 “An infinite number of systems, quite different physically, can be models of one and the same system. 
Any given system is a model of an infinite number of totally different systems.” (Hertz 1899, §421)

But of course, Hertz is a descriptionist — he is only interested in writing down 
equations of motion.

“The relation of a dynamical model to the system of which it is regarded as the model, is 
precisely the same as the relation of the pictures which our mind forms of things to the things 
themselves.” (Hertz 1899, §428)

“The most direct, and in a sense the most important, problem which our conscious knowledge of 
nature should enable us to solve is the anticipation of future events… As a matter of fact, we do not 
know, nor have we any means of knowing, whether our conceptions of things are in conformity with 
them in any other than this one fundamental respect.” (Hertz 1899, 1-2)
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It is in the midst of his discussion of his picture theory (the 4.0s) that Wittgenstein 
refers to Hertz’s dynamical models. And Hertz, for his part, explicitly connects 
dynamical models back to his picture theory.

So from the textual evidence alone, it certainly looks like there is an important 
connection between their picture theories.

I propose that we take 4.04 seriously and think of the “distinguishable parts” of a 
sentence by analogy with a dynamical model, i.e. with Hertz’s analysis of a 
mechanical system into its degrees of freedom…
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For example:

Say we want to describe a pendulum as undergoing simple 
harmonic motion around its equilibrium position. 

In that case, the system has two degrees of freedom. 

Note that, in describing the pendulum this way, we are of 
course neglecting many (ontological) details. But we have 
still said something ”quite definite” about the pendulum.

Ok. How might this be helpful in thinking about the 
logical analysis of sentences in the Tractatus?

If we are interested in capturing the sense of an ordinary sentence (e.g. “The book is on the 
table”) then we will want to capture the parts that actually matter for that sentence’s sense 
— the logical degrees of freedom, so to speak, and not the underlying ontology.
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It turns out that, in the section of the Notebooks that lead into the first draft of 
the Tractatus, this is exactly what Wittgenstein is emphasizing.

“If the proposition “this watch is shiny” has a sense, it must be explicable how THIS proposition 
has THIS sense. 
   If a proposition tells us something, then it must be a picture of reality just as it is, and a 
complete picture at that. — There will, of course, also be something that it does not say — but 
what it does say it says completely and it must be susceptible of SHARP definition.” (16 June 1915)

“All I want is only for my meaning to be completely analysed! … What I do not know I do 
not know, but the proposition must show me WHAT I know.” (17 June 1915)

“If the complexity of an object is definitive of the sense of the proposition, then it must be 
portrayed in the proposition to the extent that it does determine the sense. And to the extent 
that its composition is not definitive of this sense, to this extent the objects of this proposition 
are simple. THEY cannot be further divided... 
    If there is a final sense and a proposition expressing it completely, then there are also 
names for simple objects.” (18 June 1915)

So can we find this conception of analysis in the Tractatus itself?
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Yes! 

But see my manuscript (work in progress): 
“Propositions as Pictures”
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Conclusion

Wittgenstein’s initial introduction of his picture theory is as a solution to his struggles 
with how to characterize the “logical identity between sign and thing signified”, and 
there is little reason to think that he was engaging with either Boltzmann or Hertz. 

Nevertheless, his picture theory does share a central commonality with Hertz’s 
picture theory. In particular, following 4.04, it is helpful to compare Wittgenstein’s 
analysis of sentences with Hertz’s dynamical models. 

Wittgenstein, like Hertz, is interested in capturing logical structure, not 
ontological structure. Or as we might put it: Tractarian “simple objects” are 
more like Hertz’s degrees of freedom than they are like Boltzmann’s atoms.
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Thank you!
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