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1 Introduction

It is of particular interest to philosophers of science that before Wittgenstein made his way
to Cambridge to study with Bertrand Russell, he was training to become an aeronautical
engineer. Perhaps more significantly, in a well-known remark where Wittgenstein listed his
influences, the first two people he named were the physicists Ludwig Boltzmann and Heinrich
Hertz:

I think I have never invented a line of thinking but that it was always provided for
me by someone else and I have done no more than passionately take it up for my
work of clarification. This is how Boltzmann, Hertz, Schopenhauer, Frege, Rus-
sell, Kraus, Weininger, Spengler, and Saffra have influenced me. (Wittgenstein,
1984} 16)

There is a substantial body of literature that engages with the question of Boltzmann’s
and Hertz’s influence on Wittgenstein’s philosophyE] In this paper, I will be concerned
with one central aspect of this influence — the notion of a picture theory of representation.
As John Preston has summarized, there is a broad consensus that Wittgenstein “took the
idea that propositions are Bilder [pictures or models|, or at least the terminology of Bilder,
from Hertz, or from Hertz and Boltzmann” (Preston, 2016, 113)E] Hertz’s influence in this
regard is recognized as more important than Boltzmann’s. However, as Preston points out it
would be a mistake to think that there is “a detailed and genuine identity” between Hertz’s
picture theory and Wittgenstein’s. Whatever role Hertz’s picture theory may have played in
influencing Wittgenstein, it was not something that he simply “took over from Hertz, fully
formed” (Preston, 2016, 114).

By way of introduction, it will be helpful to begin with a brief overview (to be fleshed out in
more detail later) of the use of the notion of a picture by Boltzmann, Hertz, and Wittgenstein

For example, see |Janik and Toulmin| (1973) 139-146 and 166, Barker| (1980), [Hacker| (1986) §1, Wilson
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(2016)), |[Eisenthall (2022), |[Eisenthal| (2024]), and |Schmidt| (2024]).
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respectively. For Boltzmann, the most important point of describing a scientific theory as
a picture is to emphasize that it is partial and selective: a scientific theory is merely a
picture. In fact, from Boltzmann’s perspective, all of our representations are mere pictures.
When they are helpful they give us some handle on the world, but we should not confuse
our representations of things with the things themselves: “Ideas are only pictures or rather
signs that necessarily represent one-sidedly and indeed can do no more than imitate certain
modes of connection of the things signified” (Boltzmann) 1974, 141).

Hertz’s picture theory is a more explicit and more severe version of Boltzmann’s. In par-
ticular, for Hertz the only fundamental requirement on pictures is that they allow us to
make successful predictions. That is the only sense in which our pictures can be correct
— “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). As this allows for a plurality of equally adequate representations,
Hertz specifies further criteria to compare and contrast such alternatives: besides the fun-
damental requirement of “correctness” (Richtigkeit), pictures should also be “permissible”
(Zuldfigkeit) and “appropriate” (Zweckmdfigkeit). All this is spelled out in the introduc-
tion to Hertz’s major theoretical treatise, Principles of Mechanics, where Hertz compares
and contrasts three pictures of the natural motions of bodies: the traditional formulation of
mechanics, an energetics formulation, and Hertz’s own formulation.

Principles was published posthumously after Hertz died suddenly in 1894. In Boltzmann’s
later writings, where he frequently cited and reacted to Hertz’s work, he did not find much to
object to in Hertz’s elaboration of the picture theoryf| For both Hertz and Boltzmann, then,
the main point of describing scientific theories (and scientific representations of phenomena
more generally) as “pictures” was in the service of a cautious scientific epistemologyf_f]

Wittgenstein, in contrast, was not primarily interested in either scientific representation or
epistemology. His concern was with the foundations of logic and symbolic representation
quite generally. One of the central problems that occupied Wittgenstein’s attention when
he first began to describe sentences as pictures (in his notebook entries in September 1914)
was the problem of characterizing “the logical identity between sign and thing signified”
(Wittgenstein, 1998| 3). Rather than emphasizing the limitations of pictures — that they
are always only partial representations — Wittgenstein was interested in the essential com-
monality between a picture and what it pictures.

I have already noted, following Preston, that it would be a mistake to identify Wittgenstein’s
picture theory with Hertz’s (or with Boltzmann’s). Indeed, it is unclear how their respective
picture theories could come to the same thing, given their quite different concerns. In
this paper, I will argue that when Wittgenstein first started to articulate the idea that
sentences are pictures, there is little evidence that he had either Hertz or Boltzmann in
mind. Nevertheless, I will also argue that there is in fact an important parallel between
Wittgenstein’s picture theory and Hertz’s picture theory, and a contrast with Boltzmann’s.

3For a couple of places where Boltzmann discusses Hertz’s criteria on pictures, see Boltzmann| (1974) 104
and 251.

4A more comprehensive account would also consider the influence of Helmholtz. See Schiemann| (1998)
for some discussion.



This is revealed by Wittgenstein’s first reference to Hertz in the Tractatus.

2 Fin-de-Siécle physics

In order to lay out some of the context for theoretical physics at the end of the nineteenth
century, we can begin with John Heilbron’s account of the rise of “descriptionism” during
this period. As Heilbron uses the term, descriptionism signifies “the least common denomi-
nator among conventionalism, instrumentalism, nominalism, etc.”; thus descriptionism rec-
ommends “tolerance, even encouragement, of diverse, partial or complementary approaches”
(Heilbron|, 1982, 51). For the purposes of this paper, a scientist disposed towards descrip-
tionism is one who aims to describe a group of phenomena in such a way as to allow for
an accurate prediction of future behavior. This is in contrast with a scientist who seeks
to explain a group of phenomena, typically by theorizing about some underlying mecha-
nism. A characteristic feature of the late nineteenth century is that most leading theoretical
physicists favored some version of descriptionism. As we will see, Hertz was a particularly
prominent example of such a descriptionist, while Boltzmann was, in some ways at least, a
rare exception.

Going back to the beginning of the nineteenth century, we find that a decidedly “non-
descriptionist” approach was dominant. The locus of theoretical physics at this time was the
group of French scientists centered around Pierre-Simon Laplace who shared the ambitious
goal of explaining a wide range of phenomena (including some thermal, optical, mechanical,
and chemical phenomena) by appealing to models of central forces acting between particles
of matterﬂ However, this program rapidly unravelled after 1815 as it became clear that
physics was a very long way from adequately describing the basic constituents of matter.
Challenges to the Laplacian program came from a number of different directions (including
a wave theory of light, a vibrational theory of heat, and a top-down theory of elasticity)
and although various figures defended their favored ontological theories to some extent, no
similarly unified program took its place.

Around the middle of the century, James Clerk Maxwell was beginning to articulate and de-
fend the use of “physical analogies”. Speculative mechanical mechanisms did play a key role
in Maxwell’s theorizing, but he used such models only as a kind of heuristic. In particular,
Maxwell insisted that his models were not intended to accurately represent any microscopic
states of affairsﬂ More extreme than Maxwell, Gustav Kirchhoff declared in 1875 that “ex-
planations” were outside the scope of physics in general and mechanics in particular. For
Kirchhoff, the task of mechanics was just to “describe completely and in the simplest way
the motions occurring in nature.”[’| Here we have one of the boldest statements of descrip-
tionism. Although Kirchhoff’s stance was certainly not universally accepted in the 1870s, in
the ensuing decades it became increasingly mainstream [

®See [Fox| (1974) for a study of the rise and fall of Laplacian physics.

6For a helpful discussion see [Klein| (1973) 67-70.

"Cited in \Jungnickel and McCormmach| (1986) 126.

81t is important to note that the rise of descriptionism at the end of the nineteenth century was significantly
more prominent in Europe than in Britain. For a discussion of the British context, see [Hunt| (1991)).



It is noteworthy that the trajectory of nineteenth century physics just sketched is evident in
Boltzmann’s own account of the history of his subject. In an 1886 address to the Imperial
Academy of Science, Boltzmann recounted how there had been a tendency in the past to
divide natural sciences into two main groups — descriptive, on the one hand, and explanatory,
on the other. The explanatory sciences included physics, chemistry, and astronomy among
others. As for the so-called descriptive sciences, including the biological sciences, it is not
surprising that “the disciplines of natural history have long since protested against the title
‘descriptive’ that so greatly limits their task” (Boltzmann| 1974, 15-16). Happily, thanks
in particular to Darwin, the situation had evolved: “Since the mighty upswing of geology,
physiology and so on, but above all since the general acceptance of the ideas of Darwin, these
sciences boldly undertake to explain the forms of minerals and of organic life”. But with this
in view, Boltzmann was a little baffled by the rise of a new descriptionism in physics:

it is strange to see that on the other side the opposite tum is being taken almost at
the same time. In this comprehensive work on mechanics, Kirchhoff very clearly
sets himself as a task merely to describe natural phenomena as simply and per-
spicuously as possible, renouncing all explanation, and since then what in physics
used to be called explanation has repeatedly been called a mere description of
the facts[.] (Boltzmann, 1974, 16)

Boltzmann was well aware that descriptionism was gaining in popularity among his contem-
poraries, and that Hertz, in particular, was a leading follower of Kirchhoff in this regard:

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 colourful wrappings of hypotheses that
our imagination lends them. (Boltzmann, 1974, 7)

However, for his own part, Boltzmann warned against a total abandonment of seeking out
underlying mechanisms: “No doubt the future belongs to this new method; but just as it was
wrong earlier to regard the old method alone as correct, so it would be one-sided now to take
it as quite worn out in spite of all it has done, and not to cultivate it alongside the new one”
(Boltzmann, (1974, 7). In this way, Boltzmann saw himself as a somewhat isolated advocate
for an old-fashioned interest in explanations, and in particular the explanations that might
be available on the hypothesis that matter is constituted by atoms. Hertz, in contrast, was
a leading example of the descriptionist tendency of the period. This is evident throughout
Hertz’s discussions of scientific representation, beginning with the work in electromagnetism
that made him famous.

3 Hertz’s descriptionism

Hertz begins the theoretical part of his introduction to Electric Waves by posing himself
the question: “what is it that we call the Faraday-Maxwell theory?” (Hertz, 1893, 20). For
many physicists, Hertz included, it seemed impossible to extract a consistent conception of



Maxwell’s theory from his sprawling Treatise on FElectricity and Magnetism. Hence Hertz
worked to develop a clear understanding of Maxwell’s theory for himself:

I therefore endeavoured to form for myself in a consistent manner the necessary
physical conceptions, starting from Maxwell’s equations, but otherwise simplify-
ing Maxwell’s theory as far as possible by eliminating or simply leaving out of
consideration those portions which could be dispensed with, inasmuch as they
could not affect any possible phenomena... Thus the representation of the theory
in Maxwell’s own work, its representation as a limiting case of Helmholtz’s theory,
and its representation in the present dissertations — however different in form —
have substantially the same inner significance. This common significance of the
different modes of representation (and others can certainly be found) appears to
me to be the undying part of Maxwell’s work. This, and not Maxwell’s peculiar
conceptions or methods, would I designate as “Maxwell’s Theory.” (Hertz|, 1893,
20-21)

This is the immediate context of the Hertzian slogan, “Maxwell’s theory is Maxwell’s equa-
tions”, as he continues:

To the question, “What is Maxwell’s theory?” I know of no shorter or more def-
inite answer than the following: Maxwell’s theory is Maxwell’s system of equa-
tions. 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; every theory which leads to different equations,
and therefore to different possible phenomena, is a different theory. (Hertz, 1893
21)

For Hertz, the true kernel of Maxwell’s theory is the system of equations that lead to concrete
descriptions (and predictions) of observable phenomena. Any purported alternative electro-
magnetic theory is to be either identified with Maxwell’s theory, or differentiated from it,
based on whether it leads to the same system of equations, and hence describes the same
possible phenomena. Hertz’s aim is thus to hone in on the bare necessities of Maxwell’s
theory: “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” (Hertz, |1893, 28). He is aware that
the version of the theory that he produces will have “a very abstract and colorless appear-
ance” and will leave some of his readers unsatisfied. Nevertheless, he insists that such a
presentation of the theory is the only fair representation of the present state of knowledge
of electromagnetic phenomena:

It is not particularly pleasing to hear general statements made about “directed
changes of state,” where we used to have placed before our eyes pictures of elec-
trified atoms. It is not particularly satisfactory to see equations set forth as direct
results of observation and experiment, where we used to get long mathematical
deductions as apparent proofs of them. 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)



This is the immediate context of another of Hertz’s famous remarks; indeed, one which we
have already seen Boltzmann refer to:

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 repre-
sentations 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
wise confuse the simple and homely figure, as it is presented to us by nature,
with the gay garment which we use to clothe it. Of our own free will we can
make no change whatever in the form of the one, but the cut and color of the
other we can choose as we please. (Hertz, (1893, 28)

So much for the unambiguous evidence of Hertz’s descriptionist tendencies in his work in
electromagnetism. The same descriptionist approach is also manifest in Hertz’s subsequent
theoretical endeavor, this time in his major work in mechanics: The Principles of Mechanics
Presented in a New Formﬂ (or just Principles, for short). In the preface, Hertz is helpfully
explicit about his goals:

The problem which I have endeavored to solve in the present investigation is
the following: to fill up the existing gaps and to give a complete and definite
presentation of the laws of mechanics which shall be consistent with the state of
our present knowledge, being neither too restricted nor too extensive in relation
to the scope of this knowledge. (Hertz, |1899, xxi)

Although the outcome of Hertz’s work was a kind of systematic textbook, he was well
aware that it would not be suitable for beginners. Rather, its special merit was the use
that it might have for “those who have already a fair mastery of mechanics as usually
taught” (Hertz, (1899, xxii). In other words, Hertz hoped that his book would provide an
expert audience with a perspicuous overview of the theory — clarifying the content and
the scope of the various mechanical principles and the logical relationships between them,
and simultaneously dispelling any obscurity that may have previously been attached to the
fundamental mechanical concepts:

[My book] may lead them to a vantage-ground from which they can more clearly
perceive the physical meaning of mechanical principles, how they are related to
each other, and how far they hold good; from which the idea of force and the
other fundamental ideas of mechanics appear stripped of the last remnant of
obscurity. (Hertz, |1899] xxii)

At the conclusion of his preface, Hertz claims that he has not produced any novel results in
matters of detail. The sole novelty of the book consists in the logical rearrangement of the
principles of mechanics and the overarching clarification of the theory thus attained:

As to the details I have nothing to bring forward which is new or which could
not have been gleaned from many books. What I hope is new, and to this alone

9In the original German title, the word that is translated “form” is Zusammenhang — literally, “hang
together”. Thus Hertz’s aim in Principles was to provide a new representation of how the principles of
mechanics hang together.



I attach value, is the arrangement and assembly of the whole — the logical or,
if one wants, the philosophical aspect of the matter.@ According as it marks an
advance in this direction or not, my work will attain or fail of its object. (Hertz,
1899, xxiv)

Turning now from his preface to the opening remarks of his introduction, it is here that we
find Hertz’s explicit statement of 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,
so that we may arrange our present affairs in accordance with such anticipation.
As a basis for the solution of this problem we always make use of our knowledge
of events which have already occurred, obtained by chance observation or by
prearranged experiment. In endeavouring 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 picturedﬂ (Hertz, (1899, 1)

This statement of Hertz’s picture theory provides crucial further evidence of his descriptionist
credentials. The fundamental requirement on pictures that their necessary consequences in
thought lead to pictures of the associated necessary consequences in nature. This is the
requirement that our pictures provide us with successful predictions, so that we “are thus
enabled to be in advance of the facts, and to decide as to present affairs in accordance with
the insight so obtained” (ibid). This is, for Hertz, the only fundamental requirement.

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 respectB (Hertz, 1899, 1-2)

The remainder of Hertz’s introduction consists in fleshing out his picture theory so that it
can provide a set of criteria for comparing and assessing three competing representations of
mechanics: the “customary” formulation, which appeals to the primitive notions of space,
time, mass, and force; an “energeticist” formulation, which exchanges the primitive notion
of force for a primitive notion of energy; and Hertz’s own formulation, presented in full in
the main body of his book, which just appeals to three primitive notions: space, time, and

10“Was, wie ich hoffe, neu ist, und worauf ich einzig Wert lege, ist die Anordnung und Zusammenstellung
des Ganzen, also die logische, oder, wenn man will, die philosophische Seite des Gegenstandes.” (Hertz,
1894] xxvii)

HeWir machen uns innere Scheinbilder oder Symboles der dusseren Gegenstinde, und zwar machen wir
sie von solcher Art, dass die denknotwendigen Folgen der Bilder stets wieder die Bilder seien von den
naturnotwendigen Folgen der abgebildeten Gegenstinde.” (Hertz, (1894 1)

12The emphasis is Hertz’s.



mass[™| Although Hertz does not employ a primitive notion of either force or energy, he
knows that he needs to appeal to something beyond visible masses and motions if he is
going to recover the regular, law-like description of nature that mechanics provides. Hertz’s
strategy on this front is to simply appeal to more masses and motions, but masses and
motions which are not visible:

If we wish to obtain an image of the universe which shall be well-rounded, com-
plete, and conformable to law, we have to presuppose, behind the things which
we see, other, invisible things — to imagine confederates concealed beyond the
limits of our senses. These deep-lying influences we recognised in the first two
representations; we imagined them to be entities of a special and peculiar kind,
and so, in order to represent them in our image, we created the ideas of force
and energy. But another way lies open to us. We may admit that there is a
hidden something at work, and yet deny that this something belongs to a special
category. We are free to assume that this hidden something is nought else than
motion and mass again, motion and mass which differ from the visible ones not
in themselves but in relation to us and to our usual means of perception. Now
this mode of conception is just our hypothesis. (Hertz, (1899, 25)

To many of Hertz’s contemporaries, and to many recent commentators as well, the idea
that all mechanical phenomena could be explained by appealing to connections between
visible and invisible masses has seemed both surprisingly speculative and highly implausible.
Boltzmann’s reaction is a somewhat typical example. After going to a considerable effort to
try and construct the mechanisms of hidden masses that Hertz had apparently left out, he
remarked that “so long as even in the simplest cases no systems or only unduly complicated
systems of hidden masses can be found that would solve the problem in the sense of Hertz’s
theory, the latter is only of purely academic interest” (Boltzmann, 1974, 90). He went
on:

I therefore think that Hertz’s mechanics is more a program for the distant fu-
ture. Should people one day succeed in explaining without artificiality all natural
phenomena by means of hidden motions, then the old mechanics would be super-
seded by the Hertzian. Until then the former alone can represent all phenomena
in a really clear manner without adducing things that are not only hidden but of
which we have not the slightest idea how we are to conceive of them. (Boltzmann,
1974, 90).

One reason that Hertz’s hypothesis of hidden masses is surprising is that it seems to move
in such a contrary direction to his otherwise descriptionst inclinations. In the context of
electromagnetism, as we have seen, Hertz endeavored to only introduce such elements to
the theory “as cannot be removed or altered without at the same time altering possible
experimental results”. He accepted that this led to a highly abstract formulation of the
theory, and allowed that, if desired, “there is nothing to prevent us from supplementing
all this and aiding our powers of imagination by concrete representations of the various

13For a more detailed discussion of this aspect of Hertz’s introduction, see for example |Eisenthal| (2024))
pp-169-172.



conceptions”. Nevertheless, he insisted: “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). How, then, could he blithely introduce
such a seemingly gay garment as the hypothesis of hidden masses?

This tension is compounded by the fact that Hertz’s picture theory, placed so prominently
in the introduction to Principles, seems to explicitly rule out that we could ever know
anything about the existence of hidden masses. The only correspondence that we can hope
for between our pictures of things and the things themselves is that those pictures lead to
successful predictions. Evidently, the hypothesis of hidden masses is not something that is
forced upon us in order to be able to make correct predictions.[lz] Indeed, for Hertz, “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.”

As T have argued elsewhere, what’s going wrong here — what’s giving rise to this appear-
ance of self-contradiction on Hertz’s part — is that we misunderstand the hypothesis of
hidden masses if we regard it as a speculative ontological proposal.[TE] To repeat: Hertz’s sole
fundamental requirement on pictures (of any kind) is that they enable us to make correct
predictions, to “be in advance of the facts”. Now, in the context of mechanics, to be in
advance of the facts means that we can write down the relevant equations of motion. From
a descriptionist perspective, that is what a mechanical description amounts to. With the
hypothesis of hidden masses in play, it turns out that it is always guaranteed that there
will be a plurality of ways to arrive at given equations of motion. But if the equations of
motion are the only thing that actually matter — the only way in which our mechanical
pictures allow us to be in advance of the facts — then any particular way of arriving at those
equations of motion will be unimportant. What is important is just what all the relevant
class of models (which result in the same equations of motion) have in common.

This brings us to Hertz’s discussion of “dynamical models”. A dynamical model captures
a mechanical system’s degrees of freedom, the information that is necessary and sufficient
for writing down its equations of motion. Note that physical systems which are constituted
in very different ways can nevertheless undergo relevantly similar motions, hence can be
described by the same equations: “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) At this juncture, Hertz reminds us
that, within his mechanics, we have stipulated that there may always be coupled sub-systems
of hidden masses which do not affect a system’s motion. As a result, all that we can say
about a system is what is made available by a dynamical model of that system:

If we admit generally and without limitation that hypothetical masses (§301)
can exist in nature in addition to those which can be directly determined by the
balance, then it is impossible to carry our knowledge of the connections of natural
systems further than is involved in specifying models of the actual systems. We

Hertz does suggest that there may eventually be a way to distinguish empirically, at microscopic length
scales, between his conception of mechanics and the customary formulation of mechanics. For some discus-
sion, see [Eisenthal| (2018]) §6.

15See [Eisenthall (2018)).



can then, in fact, have no knowledge as to whether the systems which we consider
in mechanics agree in any other respect with the actual systems of nature which
we intend to consider, than in this alone, that the one set of systems are models
of the other. (Hertzl 1899, §427)

In this very concrete way, the hypothesis of hidden masses allows Hertz to apply the fun-
damental requirement of his general picture theory to the particular pictures provided by
mechanics. The hypothesis of hidden masses guarantees that we can never know the true
ontological constitution of mechanical systems. The only mechanical descriptions we have
are dynamical models: “In order to determine beforehand the course of the natural motion
of a material system, it is sufficient to have a model of that system. The model may be much
simpler than the system whose motion it represents.” (Hertz, |1899, §425) Hence it should
not be a surprise that this is the central place in the body of Principles where Hertz recalls
the picture theory of his introduction: “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)

On the interpretation I recommend, rather than understanding Hertz’s hypothesis of hidden
masses as a speculative ontological proposal, it should instead be understood as allowing
him to sidestep the question of the ontological constitution of mechanical systems. It is
his means of applying the fundamental limitation on pictures quite generally — that their
substantive content is limited to such aspects as generate successful predictions — to the
particular context of mechanics. With this discussion of Hertz’s picture theory in hand, let
us now return our attention to Boltzmann.

4 Boltzmann’s atomism

Even before Hertz published his mechanics, Boltzmann was talking of theories as pictures
of what they represent. For instance, in an 1890 farewell talk delivered at the University of
Graz, Boltzmann stated:

I am of the opinion that the task of theory consists in constructing a picture of
the external world that exists purely internally and must be our guiding star in
all thought and experiment; that is in completing, as it were, the thinking process
and carrying out globally what on a small scale occurs within us whenever we
form an idea. (Boltzmann, (1974} 33)

As with Hertz, Boltzmann sees a continuity between representation in everyday contexts
(ordinary thought and talk) and representation in scientific theories which typically involve
mathematics. However, unlike Hertz, Boltzmann is much more circumspect concerning
the value of highly abstract mathematical representations. In the same Graz talk he re-
marked:

The layman observes in the first place that theory is difficult to understand and
surrounded with a tangle of formulae that to the uninitiated speak no language
at all. However they are not its essence, the true theoretician uses them as
sparingly as he can; what can be said in words he expresses in words... If therefore

10



we may often have to use intricate formulae to represent a part of the picture
that has become complicated, they nevertheless always remain inessential if most
serviceable forms of expression. (Boltzmann, |1974] 34)

This is not to say that Boltzmann thinks that a bare set of equations can’t constitute a
“picture” in the relevant sense. But from Boltzmann’s perspective, a willingness to intro-
duce more colorful hypotheses (as Hertz might put it) is an important aspect of theorizing:
“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 un-
suspected discoveries” (Boltzmann, 1974, 161). With this in mind, it will be helpful to
consider Boltzmann’s own formulation of mechanics, delivered in a series of lectures in 1897,
and observe how Boltzmann himself compares his formulation with Hertz’s.

Early in his lectures, Boltzmann states what he takes to be the uncontroversial kernel of
Hertz’s picture theory: “our thoughts are mere pictures of objects (or better, signs for
them), which at most have some sort of affinity with them but never coincide with them
but are related to them as letters to spoken sounds or written notes to musical sounds”
(Boltzmann, 1974} 225). He then prepares the ground for introducing his own formulation of
mechanics by distinguishing two ways in which one might proceed with such pictures:

The first is to leave the pictures more general, so that we run less risk of their later
turning out incorrect since they will be more adaptable to new factual findings;
however their generality makes these pictures more indefinite and vague and
their further development will be connected with some measure of uncertainty
and ambiguity. The second is to specialise the pictures and elaborate them to
a measure of detail, in which case we shall have to import much more that is
arbitrary (hypothetical) and might not fit new experience; but we shall have the
advantage that the pictures are as clear and definite as possible so that we can
draw from them all consequences fully defined and unambiguous. (Boltzmann,
1974, 225)

Here we see Boltzmann weighing up the relative advantages of a more abstract representation
(“more indefinite and vague”) and a more concrete representation. On the one hand, a
more abstract representation is less risky as it can be adapted to “new factual findings”.
On the other hand, a more concrete representation, although more risky and including more
hypothetical elements, is nevertheless more definite and unambiguous so that its implications
can be more easily drawn out. From Boltzmann’s point of view, the need for a clarification
of mechanics arises from the fact that hypotheses had not been deployed in the appropriate
way: “It is precisely the unclarities in the principles of mechanics that seem to me to derive
from not starting at once with hypothetical mental pictures but trying to link up with
experience from the outset.” He goes on to note the general tendency amongst many of
his contemporaries towards a descriptionist stance: “As regards our own times, one often
finds the demand that only directly given phenomena should be encompassed and nothing
arbitrary added to them.” But this tendency risks going too far: “Advisable as it is to
separate the factual from the hypothetical and never to multiply the latter beyond need, I
believe that without any hypothetical features one could never go beyond an unsimplified
memory mark for each separate phenomenon” (Boltzmann| 1974, 225).
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One of Boltzmann’s central goals in his mechanics is to show how the kind of atomistic con-
ception that he defends can be made consistent with a logically unimpeachable formulation of
the theory. Indeed, he places his preferred hypothesis front and center: “we shall begin from
the fundamental assumption of a large though finite number of material points” (Boltzmann),
1974}, 227). Thus Boltzmann’s approach to reformulating and thereby clarifying mechanics
is to proceed “by means of a method that is the very opposite of the modern one and in
laying down very special mental pictures from the outset” (Boltzmann| (1974} 228).

Note that, as Boltzmann understands Hertz, Hertz’s approach to mechanics is actually very
similar. In lectures that he delivered at Clark University in 1899 during his first visit to the
United States, Boltzmann went into some detail to compare their formulations. He describes
both as “deductive” in the following sense:

This mode consists in starting to operate only with mental abstractions, in tune
with our task of constructing only internal mental pictures. In this we do not yet
take account of facts of experience. We merely endeavour to develop our mental
pictures as clearly as possible and to draw from them all possible consequences.
Only later, after complete exposition of the picture, do we test its agreement
with the facts of experience; it is, then, only after the event that we give reasons
why the picture had to be chosen thus and not otherwise, a matter on which we
give not the slightest prior hint. (Boltzmann, 1974 107)

Hertz’s “purely mental picture” consists of mass points — abstractly defined — with spatial
connections between them in a classical spatio-temporal framework. Hertz’s fundamental law
is then a statement about how any such system of mass points will move when given some
initial velocity. Boltzmann’s “purely mental picture” also consists of abstract mass points
in a classical spatio-temporal framework. But instead of considering connections between
those mass points, Boltzmann adds that each pair of points, separated by some distance r,
will be accelerated in the direction of r by some function f(r). The total acceleration of
any point is determined by the vector sum of the individual accelerations given by each of
these functions. Just as Hertz’s connections are basic within his formulation, Boltzmann’s
functions are basic within his:

there is no discussion as to where [the functions f(r)] come from and why I have
given just this prescription for constructing our picture in just this way. It is
enough that the picture is perfectly clear and in sufficiently many cases capable
of being worked out in detail by calculation. Its justification is found only in
the fact that we can always define f(r) in such a way that the imagined motion
of the imagined material points goes over into a true representation of actual
phenomena. (Boltzmann, |1974, 109)

It is clear enough that Boltzmann’s approach aims to provide the basic ingredients for basing
mechanics on a conception of mass points with central forces acting between them, harkening
back to the Laplacian program from the beginning of the century (as Boltzmann was well
aware). In reformulating mechanics on this basis, Boltzmann believes that, like Hertz, he has
sufficient analytical resources to recover the full content of the theory. And insofar as they
both achieve this, Boltzmann’s and Hertz’s approaches may seem on a par. But Boltzmann’s
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main criticism of Hertz is just that it is so difficult to see how subsystems of connected hidden
masses could actually work in many important cases. As he made the point in his lectures on
mechanics, the one thing that he finds lacking in Hertz’s mechanics is “the proof that nature
can really be represented by this picture” (Boltzmann, (1974, 253). In his lectures at Clark
University he goes into more detail, first acknowledging that Hertz’s system has a perhaps
unique elegance and logical perspicuity.[l;gl The problem is that “difficulties arise as soon as
one wants to represent the most ordinary processes of daily experience involving the action
of forces” (Boltzmann| 1974, 111). With the action of distant forces in particular (such
as gravitational attraction), all attempts to give a concrete mechanism of connected sub-
systems of hidden masses that would reproduce the observed motions have failed. Indeed,
“even in the simplest cases, Hertz’s method leads to the greatest complications” (Boltzmann,
1974, 113).

However, I hope that it might also be clear why Boltzmann can be seen as failing to un-
derstand Hertz’s intentions. Hertz only wanted to provide the physics community with “a
vantage-ground from which they can more clearly perceive the physical meaning of mechan-
ical principles, how they are related to each other, and how far they hold good” (Hertz,
1899, xxii). The logical perspicuity of the formulation was, in an important sense, the over-
riding motivation for Hertz to take the approach that he did. Given his strictly austere
conception of what a picture of nature provides, finding the adequate analytical resources
to derive the equations of motion of all known mechanical systems was all that mattered.
This is, for Hertz, the “simple and homely figure” that is presented to us by nature, so far
as the mechanics of the late nineteenth century was concerned. Hence Boltzmann’s concern
with working out conceivable mechanisms that would account for the pheonomena in concrete
cases is, from Hertz’s point of view, obscuring that figure with so many gay garments.

We have seen that Hertz’s picture theory can be recognized as a kind of distillation of his
descriptionism. All that our conceptions of things, our pictures of things, really provide us
with is the means to anticipate future events. We have no means of knowing whether our
pictures of things are “correct” in anything other than this one fundamental respect. We
have also seen that Boltzmann agrees with central tenets of Hertz’s picture theory. Our
representations of things are always only partial, and it is impossible to know whether we
have really (completely) captured the nature of the things thus represented. The important
divergence from Hertz arises in Boltzmann’s rejection of strict descriptionism. For Boltz-
mann, theories that make use of hypotheses, epistemologically risky as they may be, have
distinct advantages. Where Hertz recommends that we focus just on the structural equations
that allow us to make predictions, Boltzmann recommends that we engage in some degree
of ontological speculation. As it turns out, this difference between Boltzmann and Hertz has
a particular significance when tracing the way in which either of them may have influenced
Wittgenstein.

16«The principles of mechanics that Hertz sets up are extraordinarily simple and beautiful. They are
naturally not entirely free from an arbitrary streak, but this is kept to a minimum... As against this my
picture is evidently inferior, for it contains many more features that are marked by an absence of inner
necessity, being introduced only in order to facilitate subsequent agreement with experience.” (Boltzmann)
1974, 111)
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5 The emergence of Wittgenstein’s picture theory

The picture theory in the Tractatus has a notably different character to the picture theories
of Boltzmann and Hertz. It is first introduced in the remarks following 2.1 and 2.2, beginning
with the statement: “We picture facts to ourselves” (2.1)E] A little later Wittgenstein writes,
“In a picture objects have the elements of the picture corresponding to them” (2.13) and
“What constitutes a picture is that its elements are related to one another in a determinate
way” (2.14). The basic idea is that a picture is a fact: the fact that its pictorial elements
are related to one another in a particular way, with each pictorial element standing for an
object. The way in which the pictorial elements are related to one another in the picture
represents that the pictured objects are related to one another in a particular way in the
world. If the objects do, in fact, stand in those relations, then the picture is correct.

Indeed, when Wittgenstein first begins to reflect on the idea that sentences are pictures in his
pre- Tractatus writings, there is no indication that he has either Boltzmann or Hertz in mind.
The first glimmer of the picture theory is recorded in the Notebooks on 20 September 1914:
“That a sentence is a logical portrayal of its meaning is obvious to the uncaptive eye.”[| A
week later, he writes more emphatically: “A sentence can express its sense only by being the
logical portrayal of it!”ﬁ Two days later still, on 29 September, Wittgenstein mentions the
model of a car accident in a Paris court case that is now widely seen as marking a pivotal
moment in the formulation of his 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.

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).

Let us think of hieroglyphic writing in which each word is a representation of
what it stands for. Let us think also of the fact that actual pictures of situations
can be right and wrong.

He then draws a sketch of two stick figures fencing, a drawing that can be used to assert
the claim “A is fencing with B”, and comments: “The proposition in picture-writing can be
true and false. It has a sense independent of its truth or falsehood. It must be possible to
demonstrate everything essential by considering this case.” In the ensuing days a number
of the central themes of the mature picture theory of the Tractatus begin to come into

view [l

YT“Wir machen uns Bilder der Tatsachen.”

18«Dass der Satz ein logisches Abbild seiner Bedeutung ist, leuchtet dem unbefangenen Auge ein.”

19«pin Satz kann seinen Sinn ja nur dadurch ausdriiken, daf er dessen logisches Abbild ist!”

20Gee [Klagge, (2022) 67-69 and |Sterrett| (2017) 115-117.

21For example, the remarks recorded on 2 and 3 October contain clear precursors of a number of remarks
in the Tractatus (as noted by Anscombe in her editorial commentary on the Notebooks). See 4.03, 4.031,
4.032, 4.462, 4.465 and 4.06.
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In order to see how Wittgenstein’s picture theory emerges, we need to examine the handful
of notebook entries that precede the theory’s initial introduction. The very first remark in
the Notebooks, recorded at the end of the summer of 1914, is: “Logic must take care of itself”
(22 August). This is elaborated on in a number of ways: it must be impossible, in a certain
sense, to go wrong in logic (2 September){?| logic cannot depend on any kind of experience (3
September)ﬁ if logic can be completed without answering certain questions, then “it must
be completed without answering them” (4 September). Interweaved with these remarks is
Wittgenstein’s growing realization that his previous conception of the task of philosophy, a
conception largely shared with Russell, was misguided. That conception involved giving an
account of the basic logical categories: particulars, predicates, and various orders of relations.
But from the perspective that Wittgenstein is now coming to adopt, that whole conception
of a “logical inventory” appears unnecessary and unhelpful.

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 )]

Even if there do turn out to be signs playing the roles of predicates and relations at the final
stage of logical analysis, it is unclear how those would relate to the kinds of subject-predicate
or relational sentences that we started with (such as “A is good” or “A is brighter than B”,
cf. 3 September). Wittgenstein names the difficulty or obscurity (Unklarheit) at issue here
as residing in the question: “what does the logical identity of sign and thing signified really
consist in?” Indeed, this question is “a main aspect of the whole philosophical problem” (3
September).

The following day he turns to the beginnings of an answer: “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). A sentence has something in common with
the situation that it represents, and this is what is involved in us grasping that situation
(not more, not less) when we understand the sentence. After all, an ordinary (unanalysed)
sentence “is a clear statement of something quite definite” (7 September). An ordinary
sentence makes a particular claim which can be true or false. The problem, therefore, is to
characterize the way in which a sentence has the sense that it has, while also bearing in mind
that a logical analysis of the sentence is indeed possible — that it is far from wearing all of
its logical features on its sleeve, so to speak. Indeed, from one perspective a simple sentence
like “this chair is brown” seems to say something highly 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).

It is at this point that Wittgenstein hits upon the idea of the picture theory, beginning
with his remark on 20 September (“That a sentence is a logical portrayal of its meaning is
obvious to the uncaptive eye”). What Wittgenstein is beginning to perceive and spell out in

22Cf. 5.473.

23Cf. 5.551-5.552 and 6.1222.

24Gee also Wittgenstein’s comment on 19 June 1915: “There doesn’t after all seem to be any setting up
of a kind of logical inventory as I formerly imagined it.”
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the autumn of 1914 is the idea that a sentence is a particular arrangement of sensible elements
that stand in a projective relation (to borrow the Tractarian terminology) to the world. “The
general concept of the proposition carries with it a quite general concept of the co-ordination
of proposition and situation” (29 September).ﬁ] This idea is remarkably simple yet, at the
same time, leaves room for a great deal of complexity, just as the enormously rich logico-
syntactic structure of a natural language — with its myriad possibilities of combinations of
symbols in meaningful sentences — is all tacitly contained in seemingly simple strings of
spoken sounds or written signs. Thus: “while we are not certain of being able to turn all
situations into pictures on paper, still we are certain that we can portray all logical properties
of situations in a two-dimensional script” (29 September).

Now, Wittgenstein certainly does not yet have the full Tractarian conception of the picture
theory in view in 1914, as evidenced by the intense back and forth that continues over
the ensuing months in the Notebooks. For present purposes, the point to emphasize is just
that Wittgenstein’s first introduction of the core idea of the picture theory is in response
to a central problem in the foundations of logic. To repeat the way he sums it up on 3
September:

The obscurity obviously resides in the question: what does the logical identity
of sign and thing signified really consist in? And this question is (once more) a
main aspect of the whole philosophical problem.

It is this problem — however we might flesh it out exactly — that Wittgenstein feels he is
beginning to get a handle on when he refers to the courtroom model of a car accident and
comments: “This must yield the nature of truth straight away (if I were not blind)”.

All this suggests that there is no immediate reason to look to the picture theories of Boltz-
mann or Hertz. Not, at any rate, on a first pass. However, as noted in the introduction,
I believe that, on a second pass, there is an important connection after all. Crucially, the
connection is to Hertz’s picture theory, not to Boltzmann’s.

6 The distinguishable parts of a sentence

Wittgenstein’s first reference to Hertz in the Tractatus is at 4.04. This is a remark that
occurs prominently in the context of Wittgenstein’s discussion of his picture theory, as is
immediately clear from a survey of the 4.0 sequence:

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.

BCf. 2.13-2.14, 3.11-3.13, 3.143-3.1432, and 4.01-4.03.
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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.

At 4.04, Wittgenstein suggests that Hertz’s notion of a dynamical model can help us un-
derstand what a sentence has in common with the situation it represents, particularly with
regard to its “logical (mathematical) multiplicity”. Although there is a lot to be explored in
this remark % our immediate concern is whether we can draw a connection between Hertz’s
and Wittgenstein’s picture theories. And, simply enough, the answer to this question is:
Yes. We have just seen that Wittgenstein refers to Hertz’s dynamical models in the midst of
his discussion of his picture theorym We have also seen that dynamical models, for Hertz,
are explicitly connected with his picture theory.@ So as far as the textual evidence is con-
cerned, it seems obvious that there is a connection between their picture theories. I propose
that the most immediate thing to draw out from this connection is the way in which neither
Hertz nor Wittgenstein are concerned with the ontological constitution of what their pictures
represent.

It would be entirely uncontroversial to claim that Hertz’s dynamical models do not capture
the ontological constitution of the systems they represent. As Hertz makes perfectly explicit:
“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.”
(Hertzl |1899| §421) As we have seen, a dynamical model only captures a system’s degrees of
freedom — the necessary and sufficient information for writing down that system’s equations
of motion. Furthermore, there is no mystery why Hertz draws a direct connection between
dynamical models and his overarching picture theory of representation. Once more: for Hertz
a picture is only “correct” insofar as it allows us to anticipate 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, 2)

More controversial is the claim that Wittgenstein aligns with Hertz in this respect; that,
for Wittgenstein too, pictures do not capture the ontological constitution of what they rep-
resent. Both Principles and the Tractatus begin with a series of remarks that seem to
introduce grand and mysterious ontologies. In Hertz’s case, I have urged that his apparent
ontology should be understood as an analytical device in the service of providing an analysis

26For some of that exploration, see |[Eisenthal| (2022).

2"The remark immediately preceding 4.04 begins: “It is only in so far as a proposition is logically articulated
that it is a picture of a situation” (4.032).

28Recall: “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” (§428).

17



of mechanical systems in terms of their degrees of freedom. I now want to propose that
the ontological remarks in the Tractatus should be understood in a similar way. In partic-
ular, Tractarian “simple objects” should not be thought of in analogy with physical atoms;
rather, they should be thought of in analogy with degrees of freedom. Now, what could this
mean?

If we have analysed a mechanical system into its degrees of freedom, we have given a certain
kind of complete and perspicuous analysis of that system. That is: with a clear account of
the system’s degrees of freedom in hand, we can correctly predict its motion, and we will
have identified all and only the features of the system that make a difference to its motion.
(If we relied on a description of the system with less information, we would not be able to
accurately model its motion. But if we relied on a description with more information, we
would be bringing in details that aren’t relevant to predicting its motion.) Nevertheless, there
is a great deal of information about a given system that is not included in such a “complete
analysis”. Take a simple pendulum, for example. If we want to model its motion when it
is making small oscillations around its equilibrium position, neglecting such factors as air
resistance, we can say that it has two degrees of freedom and is undergoing simple harmonic
motion. However, in specifying the system in this way — which may be exactly what I
intend to do for certain purposes — there are clearly many details that I am neglecting. Air
resistance, for example, is one important detail that will, in fact, affect the system’s motion
(and in certain cases I will want to model that effect). Other details include the material
constitution of the pendulum. And again, there will be some situations in which those details
might matter (very fast oscillations that could start to bend the rod of the pendulum, and so
on). Thus two things are true at the same time. The first is that, for certain purposes, I can
characterize the motion of the pendulum by describing it as a simple harmonic oscillator. In
doing so, although I will be ignoring a lot of details about the pendulum, it is entirely correct
to ascribe it two degrees of freedom, and such a description is complete and perspicuous —
capturing all and only the details that matter. The second is that the real pendulum is much
more complicated than this simple description, and that there is a lot more that one could
say about it. One could start to talk about the material details of the pendulum, which may
be relevant and important for some purposes, even if such details are simply not relevant for
modeling its gross motion. Descriptions of the pendulum which do incorporate such details
are obviously different to the simple description we started with. And if they lead to different
predictions concerning its motion, they will necessarily attribute to the pendulum different
degrees of freedom.

Transposing all this over to the Tractatus, we can note that an ordinary sentence, vague
as it typically is, says something “quite definite” — it makes a particular claim about the
world which might be true or false. In giving an analysis of that sentence, we will be aiming
to give a complete and perspicuous presentation of its sense. We will want to capture all
and only the details that matter to its sense, neither leaving some aspect of its sense out of
consideration, nor introducing extra details that were not, in fact, included in its sense. In
making an ordinary claim such as “the book is lying on the table”, there will of course be a
lot that we are not saying (and a lot that we might want to say in other contexts). But in
analysing the sentence we started with, we want to make its sense completely explicit.
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I propose that Wittgenstein’s reference to Hertz’s dynamical models at 4.04 invites us to
interpret the Tractarian notion of analysis in the way that I have just sketched. In analysing
our descriptions of situations, we are seeking to specify their logical parts, not their onto-
logical parts. This is what I mean by saying that the “multiplicity” of a sentence — the
distinguishable parts that it shares with the situation it represents — should be understood
in analogy with a mechanical system’s degrees of freedom. At this juncture, it would be
entirely reasonable to ask for some further evidence for this interpretation of the Tractatus
beyond the single parenthetical reference to dynamical models at 4.04.

The first place to look for such evidence is back in the Notebooks. In particular, we can look
at the sustained and intense discussion of analysis, names, and simple objects in May and
June 191517_97] Here, in fact, we find an abundance of evidence for the view that Wittgenstein
was thinking of the analysis of sentences in the way that I am suggesting. For instance, on
16 June we find the following:

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.

So a proposition may indeed be an incomplete picture of a certain fact, but
it is ALWAYS a complete picture.

Y

An ordinary sentence like “this watch is shiny” makes a particular claim about the world.
There is, of course, plenty that it does not say, including various details about the constitution
of the watch. But our interest in analysing the sentence “this watch is shiny” is not concerned
with such ontological details. All we are after is making the sense of that sentence (its truth
conditions, its logical relationships with other sentences) fully explicit. As Wittgenstein
writes a couple of days later: “if, e.g., I say that this watch is not in the drawer, there is
absolutely no need for it to FOLLOW LOGICALLY that a wheel which is in the watch is not in
the drawer, for perhaps I had not the least knowledge that the wheel was in the watch, and
hence could not have meant by ‘this watch’ the complex in which the wheel occurs.”

On 17 June, Wittgenstein continues:

All T want is only for my meaning to be completely analysed!

In other words the proposition must be completely articulated. Everything
that its sense has in common with another sense must be contained separately
in the proposition...

What I do not know I do not know, but the proposition must show me WHAT I
know. And in that case, is not this definite thing at which I must arrive precisely
simple in that sense that I have always had in mind? It is, so to speak, what is
hard.

29These are the months before Wittgenstein is likely to have started work on the Prototractatus. See
McGuinness| (1989).
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Again, we see clearly how Wittgenstein is regarding logical analysis as concerned with the
ordinary meaning (“my meaning”) of a sentence. Furthermore, we are seeing an explicit
connection with the notion of simple objects — the entities of reference that we arrive at
once we have analysed our sentences completely. Wittgenstein conveys this idea as follows:
“When the sense of the proposition is completely expressed in the proposition itself, the
proposition is always divided into its simple components — no further division is possible
and an apparent one is superfluous — and these are objects in the original sense.”

Finally, if further evidence were needed, on 18 June Wittgenstein writes the following:

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.

The parallel with Hertz’s analysis of mechanical systems should be clear. When we describe
a system as having certain degrees of freedom, we are making a particular claim about its
motion. There will certainly be many aspects of the system that we are neglecting, details
that we may appeal to at other times for other purposes. But the particular claim we are
making now (for instance, that a pendulum undergoes simple harmonic motion) does indeed
say something “quite definite”, even if it is only true as an approximation. And that claim
is completely and perspicuously captured by specifying the system’s degrees of freedom.
Wittgenstein’s interest in logical analysis, at least in the late spring and early summer of
1915, is similarly concerned with fully specifying the claims made by ordinary descriptions,
claims that are only true when understood as a kind of approximation (“the book is on the
table”, “this watch is shiny”, and so on).

To complete this account of the parallel between Hertz’s and Wittgenstein’s picture theories,
it would suffice to show that this conception of the logical analysis of sentences survives into
the Tractatus. This point deserves a full discussion in its own rightm For now, we will have
to rest content with noting that, when Wittgenstein applies his picture theory to sentences
in the 4.0 sequence of the Tractatus, he is talking about ordinary sentences formed from
ordinary words.

7 A sentence as a picture

A central claim of the Tractatus is that all sentences are truth-functions of elementary
sentences (4.5, 5.3, 6), sentences which consist entirely of names of simple objects (4.22).
The general consensus with regard to Wittgenstein’s picture theory is that it applies first
and foremost to such elementary sentences. In an elementary sentence, names are related
to one another in a particular way, thus representing that the named objects are similarly
related to one another in a particular way in the world. If the objects are indeed so related,

30T take up this task in a separate paper; see “Propositions as Pictures” (manuscript).
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then the elementary sentence is true. In this way, an elementary sentence is a picture of the
state of affairs it represents. And if all other meaningful sentences are truth-functions of the
elementary sentences, then perhaps we can regard them as inheriting their pictorial nature
from the elementary sentences.

Although there is a widespread view among commentators that Wittgenstein’s picture theory
applies first and foremost to elementary sentencesﬂ such an interpretation encounters some
immediate tension with what Wittgenstein actually says. After first stating that “A sentence
is a picture of reality” at 4.01, Wittgenstein’s next remark clearly suggests that an ordinary
sentence (such as one typed on a piece of paper) is a picture:

4.011 At first sight a sentence — one set out on the printed page, for example
— does not seem to be a picture of the reality with which it is concerned. But
neither do written notes seem at first sight to be a picture of a piece of music,
nor our phonetic notation (the alphabet) to be a picture of our speech.

And yet these sign-languages prove to be pictures, even in the ordinary sense,
of what they represent.

The sub-sequence of remarks following 4.02 then begins as follows:

4.02 We can see [that a sentence is a picture] from the fact that we understand
the sense of a propositional sign without its having been explained to us@

4.021 A sentence is a picture of reality: for if I understand a sentence, I know
the situation that it represents. And I understand the sentence without having
had its sense explained to me.

Wittgenstein is suggesting that the pictorial nature of a sentence can be seen from the fact
that we can understand it immediately, “without it having been explained to us.” What this
means is made clearer when he goes on to contrast whole sentences with individual words,
focusing on the fact that the former are constituted by arrangements of the latter:

4.024 To understand a sentence means to know what is the case if it is true... It
is understood by anyone who understands its constituents.

4.025 When translating one language into another, we do not proceed by trans-
lating each sentence of the one into a sentence of the other, but merely by
translating the constituents of sentences.

(And the dictionary translates not only substantives, but also verbs, adjec-
tives, and conjunctions, etc.; and it treats them all in the same way.)

4.026 The meanings of simple signs (words) must be explained to us if we are to
understand them.

31Gee for example Kremer| (1992) 417: “On the standard account of the Tractatus, this picture theory
applies, strictly speaking, only to atomic propositions; other propositions are truth-functions of atomic
propositions.”

32T read 4.02 as following 4.01, i.e. as following “A sentence is a picture of reality.” More generally, I agree
with commentators who emphasize the importance of the “tree-structured” organization of the Tractatus (see
Stern| (2023))). However, if one prefers to read 4.02 as following 4.016 (the immediately preceding remark),
this does not affect my argument here.
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With sentences, however, we make ourselves understood.

4.027 It belongs to the essence of a sentence that it should be able to communicate
a new sense to us.

An unfamiliar word needs to be explained in order for it to be understood. By contrast, we are
constantly operating with unfamiliar sentences; sentences which are easily comprehensible
so long as we understand the individual words. All this is well and good, but one might
wonder how this is supposed to help us see that sentences are pictures as 4.021 suggests. On
this point, we can recall the earlier discussion of picturing in the 2.1s:

2.13 In a picture objects have the elements of the picture corresponding to them.

2.14 What constitutes a picture is that its elements are related to one another in
a determinate way.

2.15 The fact that the elements of a picture are related to one another in a
determinate way represents that things are related to one another in the same
way.

Wittgenstein’s fundamental notion of a picture (Bild) or model (Modell) is an arrangement
of sensible elements used as a representation of something else. This notion can be applied
to the sentences of a language in a natural way: the relevant sensible elements are words
(either spoken so that we can hear them, or written down so that we can see them) which
are arranged to form sentencesﬂ These words — the nouns and verbs and adjectives that
we find translated in dictionaries — are the “constituents” of sentences, the “simple signs”
out of which they are built. Words can be categorically distinguished from sentences by
appealing to the fact that the meaning of a novel word has to be explained in order to be
understood, whereas novel sentences are readily comprehensible. Hence the 4.02 sequence
leads naturally to 4.03:

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.

In sum, the textual evidence in this section of the Tractatus clearly supports the idea that
Wittgenstein thinks of ordinary sentence as pictures. If a picture is an arrangement of el-
ements which stand for things, so that the whole can be used to represent some possible
situation, then an ordinary sentence can be understood as a picture because it is an ar-
rangement of words which stand for things, so that the whole can be used to represent some
possible situation.

A lot more would need to be said to properly flesh out and defend this interpretation of
Wittgenstein’s picture theory. In particular, it will be important to clarify how ordinary
words can “stand for objects” and function as pictorial elements in the relevant sense. It will

33Compare with 3.1431: “The essence of a propositional sign is very clearly seen if we imagine one composed
of spatial objects (such as tables, chairs, and books) instead of written signs. Then the spatial arrangement
of these things will express the sense of the proposition.”
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also be important to offer an account of the tacit truth-functional complexity of ordinary
sentences, such that they can still count as pictures despite Wittgenstein’s “fundamental
thought” that the logical constants do not stand for anything (4.0312). This is a project
that I take up elsewhere.@ To return to our main concern here, I hope to have said enough
to motivate the claim that there is an important parallel between Wittgenstein’s and Hertz’s
picture theories.

8 Conclusion

Both Boltzmann and Hertz describe representations as pictures in order to emphasize their
limitations: representations are mere pictures, they are partial and selective. For Hertz, in
particular, the only way in which our representations of the world can be called “correct”
is insofar as they allow us to make successful predictions. Although Boltzmann may not
truly disagree with Hertz in this regard, he is certainly more willing to engage in a degree
of ontological speculation, especially when it comes to the hypothesis of atomism.

Wittgenstein’s use of the notion of a picture is for quite different purposes. Rather than
outlining a cautious scientific epistemology, Wittgenstein is looking to characterize the es-
sential commonality between representation and what is represented (between “sign and
thing signified”). Indeed, when he first explicitly cites Hertz in the Tractatus, he writes that
a sentence must have “exactly as much as is distinguishable” as in the situation it represents.
Given this difference in intent, it is perhaps unsurprising that when Wittgenstein first begins
to talk of pictures in September of 1914, there’s no evidence that he’s thinking directly of
either Boltzmann or Hertz.

Nevertheless, I have argued that there is an important parallel between Wittgenstein’s and
Hertz’s picture theories (and a contrast with Boltzmann’s). This in turn makes sense of
Wittgenstein’s reference to Hertz’s dynamical models in the midst of the 4.0 sequence of
the Tractatus — the part of the text where he is explicitly describing sentences as pictures.
Hertz’s dynamical models abstract away from the ontological details of the systems they
represent; they only capture degrees of freedom — the necessary and sufficient information
for writing down the relevant equations of motion. So when Wittgenstein says that a sen-
tence must have the same “multiplicity” as the situation it represents, and then points his
readers to Hertz’s dynamical models, he is inviting a comparison between the “distinguish-
able parts” of a sentence, on the one hand, and Hertz’s conception of the distinguishable
parts of a mechanical description, on the other. My proposal has been that, in following this
through, we should think of Wittgenstein’s simple objects in comparison with Hertz’s degrees
of freedom. This is in contrast with the tendency in the literature, more or less explicit as
the case may be, to think of Tractarian objects in comparison with something like physical
atoms.

34 As noted above, see “Propositions as Pictures” (manuscript).
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