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Physical Pictures: Engineering Models Circa 1914 and in Wittgenstein’s 
Tractatus*

SUSAN G. STERRETT 

Introduction 
Today I want to talk about an element in the milieu in which Ludwig Wittgenstein conceived the 
Tractatus Logico-Philosophicus that has not been recognized to date: the generalization of the 
methodology of experimental scale models that occurred just about the time he was writing it. I find it 
very helpful to keep in mind how this kind of model portrays when reading the Tractatus- in particular, 
when reading the statements about pictures and models, such as: 

-That a picture is a fact (TLP 2.1411), 
- That a picture is a model of reality (TLP 2.12), 
- That the “pictorial relationship” that makes a picture a picture is part of that picture (TLP 2.1.5.3), and 
- That a picture must have its pictorial form in common with reality in order to able to depict it (TLP 
2.17). 

And, when reading the sections of the Tractatus about objects and states of affairs, or atomic facts, such 
as: 

-That the form of an object is the possibility of its occurring in states of affairs, or atomic facts (TLP 
2.0141); 
-That in a state of affairs, or atomic fact, objects fit into one another like links of a chain (TLP 2.03), and 
-That if all the objects are given, then all possible states of affairs, or atomic facts, are also given (TLP 
2.0124). 

The generalization and formalization of the methodology of experimental scale modelling I am referring 
to was presented in London in 1914 just months before an incident involving a scale model that 
Wittgenstein said prompted him to think of a proposition as a picture. However, Wittgenstein would 
certainly have encountered specific applications of the methodology in the experimental work he had 
done as an engineering research student in Manchester prior to going to Cambridge to study logic with 
Bertrand Russell. A specific application of physical similarity sometimes used in aeronautical, hydraulic, 
metereological and even some pure scientific applications was referred to as “hydrodynamical similarity”, 
though many in the profession remained unconvinced of its validity. 

The more general formalization of the method of experimental scale model- ling involves a dimensional 
analysis of the quantities occurring in the equations and appeals to the principle of the dimensional 
homogeneity of equations, as did the specific application of hydrodynamical similarity. However, the 
advance to a more general formalization was a shift from examining the form of the specific equations 
governing a particular field, such as fluid dynamics, to a realization that the most general form of an 
equation can be specified in terms of the characters (that is, the kinds) of the physical quantities involved 
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in the equation. In the specific as well as the general formulations of the methodology, what is used to 
establish similarity between two physical situations is knowledge of the kinds, as well as the number, of 
the physical quantities involved in the equation; what are meant by “physical quantities” here are 
quantities such as velocity, density, temperature, viscosity, surface area, some of which may be 
expressible in terms of others. However, as we shall see, this shift has somewhat less to do with the 
ontology of physics than it might at first sound, and somewhat more to do with the symbolism used to 
express relations among them than one might at first suspect. There is no restriction on the kinds of 
quantities that can be considered, which is what makes the method completely general. And, though 
conventions do exist, there is no restriction on which quantities are chosen as the fundamental ones in 
terms of which others are expressed. 

What “dimensional” indicates here is not only the familiar kind of distinction between length and area, 
where a length would have dimensions of a linear unit while an area would have dimensions of a linear 
unit squared, i.e., the familiar distinction between one-dimensional and two-dimensional space. Rather, 
“dimensional” is general enough to cover any kind of quantity one may wish to use, including new kinds 
that haven't yet been included in physics. (Thus, any two velocities would be of the same dimension, and 
the product of a velocity and a time would have the same dimension as a length.) From knowledge of the 
kinds, as well as the number, of physical quantities involved in the equation, one can deduce how these 
quantities can be combined to form different dimensionless parameters that together can be used to 
classify (though not necessarily determine) the behavior of the physical situation. Once the values of all 
the dimensionless parameters relevant to a certain phenomenon are determined, so is the behavior of the 
physical system, if by behavior we mean only the behavior with respect to the particular phenomenon of 
interest (e.g., the existence of flow eddies, the motions of certain objects such as ships or ballons, certain 
reaction forces from jet sprays, etc.). However, in spite of having the values of the dimensionless 
parameters that do characterize the behavior of interest, it may still not be possible to predict the behavior 
of interest on the basis of the equations alone, due to, for example, intractability of the solution of the 
governing equations. Yet, one can use experiments in conjunction with things deduced from the equations 
to predict the behavior, in the following manner: often it is possible to build a scale model of a physical 
system, such that the scale model and the physical system being modelled have the same values of the 
dimensionless parameters that characterize the kind of behavior of the system in which one is interested. 
Then, it is possible to set up correspondences between the quantities in the two systems, so that one can 
read what would happen in the system being modelled from the behavior of the scale model, using rules 
of correspondence that tell you how to transform the quantity in the scale model into the value in the 
system being modelled. For instance, one may deduce that the time elapsed between two events in the 
model has to be multiplied by a factor of 1000 to obtain the time elapsed between the corresponding 
events in the situation being modelled; or perhaps that the velocity measured in the scale model has to be 
divided by a factor of 4 to obtain the corresponding velocity in the situation being modelled, and so on. 
The scale model by itself really tells you nothing, without knowledge of these rules of correspondence 
(sometimes misleadingly referred to as “modelling laws”). 

The generalized formulation of similarity methods presented in 1914 proceeded by way of considering 
“the most general form of an equation”. This is not my paraphrasing, but is quite explicit in the oft-cited 
landmark paper: Edgar Buckingham opened his paper On Physically Similar Systems: Illustrations of the 
Use of Dimensional Equations with a section entitled: “The Most General Form of Physical Equations.” 
He begins: “Let it be required to describe by an equation, a relation which subsists among a number of 
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physical quantities of n different kinds.”2 Considering equations that describe material systems, he adds a 
condition that the equations be “complete”, which, roughly speaking, is the condition that the only 
constants that appear in the equation are dimensionless. (This is not so much a restriction on the kinds of 
things expressed by equations that can be treated by the method as it is on the forms of equations that can 
be treated by the method, for, Buckingham explains, if a constant with dimensions does appear in an 
equation, the fact that the constant is not dimensionless may reflect that the constant is dependent on some 
other quantities in the equation; in cases where the equation can be rewritten to recognize this, doing so 
yields a complete equation.) Then, Buckingham reasons from a principle he takes to hold for what he 
calls “complete” equations of any sort whatever: they will be dimensionally homogenous. He attributes 
the statement of the principle to Fourier, referring to it as “familiar'', at least in the form that “all the terms 
of a physical equation must have the same dimensions.”3 He goes on to show that, if you know all the 
quantities that are involved in such a “complete equation”, and you know the kind of quantity each is, 
that's all you need to know in order to do all of the following:  

(i) Figure out the minimum number of dimensionless parameters required to characterize the 
behavior of the system,  

(ii) Actually construct one such set of dimensionless parameters. (The dimensionless parameters 
are formed by combining the quantities together in ways that yield a set of mutually independent 
dimensionless parameters; many such sets are possible, but the number of mutually independent ones is 
determined. Some examples of dimensionless parameters are: Mach number which is a ratio of two 
velocities (the ratio of the relative velocity of an object and the fluid in which it is immersed to the 
celerity of the fluid (the velocity of sound in the fluid at the temperature and pressure of the fluid in which 
the object is immersed), and hence is a pure number with no dimension; Reynolds number, which is the 
product of a density, a velocity and a length, divided by a viscosity, also a dimensionless ratio.)  

(iii) Figure out the correspondences between quantities in physically similar systems, that is, get 
the (so-called) “modelling laws” used to co-ordinate values of quantities between the two systems, one of 
which is regarded as the model, the other of which is regarded as the thing modelled. (Examples here 
would be corresponding (elapsed) times or corresponding velocities.) 

Buckingham showed how to do all these things in the paper in which he presented what he called “the pi-
theorem” (due to the use of the Greek letter π to indicate dimensionless parameters) in April of 1914 in 
London. He was systematizing things that had already been proven, putting things that were already in 
use in special cases into a more general form, and trying to explain their significance. He remarked: 
“While this theorem appears rather noncommittal, it is in fact a powerful tool and comparable ... to the 
methods of thermodynamics or Lagrange's method of generalized coordinates.” When he presented the 
“pi-theorem” the following year in the United States, one of the commentators remarked: 

...the π-theorem is closely analogous to thermodynamics and the phase rule. Thermodynamics affords certain rigid 
connecting links between seemingly isolated experimental results, while the phase rule tells us the number of 
degrees of freedom of a chemical system. The π-theorem likewise affords rigid connecting links... just as the phase 
rule tells us [the number of degrees of freedom in a chemical system], so also the π-theorem tells us [the number of 
degrees of freedom in a physical system]  

...The kernel of the paper is a theorem which is merely a restatement of the requirements of dimensional 
homogeneity, announced by Fourier nearly a hundred years ago, and extensively used by Rayleigh and others. But 
[...] Gibbs' phase rule, too was new only in form, not in substance, yet it served as the crystallizing influence which 
caused an immense number of latent ideas to fall into line, and we may expect the π-theorem to play a similar role. 
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This inevitable development of technical physics into a unified branch of science..., can be facilitated if 
writers on the problems of hydro- and aerodynamics, heat transmission and the like will be as introspective as 
possible, explicitly calling attention not only to their results, but to their methods of reasoning as well. For in every 
successful artifice of reasoning, there must be some element which is universal and capable of being generalized...4 

The actual statement of the “pi-theorem” in the paper presented in London in early 1914 as follows (here I 
have used the letter “p” rather than the Greek letter pi and the letter “Y” rather than the Greek capital 
letter psi): 

... any equation which describes completely a relation subsisting among a number of physical quantities of an equal 
or smaller number of different kinds, is reducible to the form 

Y(p1, p2, p3, etc. ) = 0 

in which all the p's are all the independent dimensionless products of the form Q1x , Q2y ,... etc. that can be made by 
using the symbols of all the quantities Q.5

Notice that in this “most general form of a physical equation”, there are no algebraic constants such as 
signs for addition between terms, and no signs for mathematical relations such as logarithms or 
trigonometric operations. I remark on this here because of the analogous move in the Tractatus, of 
showing that there are no logical constants such as signs for “and” and “or” in the “general form of a 
proposition”. To properly appreciate the reasoning for and significance of Buckingham's statement, I 
suggest the reader read and reflect upon the rest of the paper from which the above quote was excerpted. 
Perhaps it may be helpful here to explain, however, that the exponents of the Q's indicate repeated 
operations. 

Would Wittgenstein have known of this result? It's hard to say what he would have heard of between the 
time he spent isolated in Norway in 1913 and entering the military in 1914. Lord Rayleigh, who was 
appointed president of the First British Council of Aeronautics in 1909 (which occurred during the time 
Wittgenstein was a research student in aeronautical-related engineering at the University of Manchester) 
had been writing about a less formalized version of the method for a over a decade; he wrote about 
Manchester engineering professor Osborne Reynolds' remarkable successes using the principle of 
“dynamic similarity” in hydrodynamics and he explained the method of dimensional analysis used to 
establish it. But, the main ideas behind the methods of physical similarity, even if they were taking a 
generalized form in England only that year, may have already been around in Germany. The reason I say 
this is that another commentator at Buckingham's 1915 presentation in the United States remarked that 
Buckingham “has struck the keynote of a new development of technical physics... The importance of 
technical physics, as a branch of subject matter, is already so clearly recognized in Germany that 
laboratories are being established devoted exclusively to this field.” However, whether this is referring to 
events in Germany after Wittgenstein's departure in 1908 is difficult to say, for, although Prandtl was 
brought to Gottingen to establish a laboratory around 1905, it is not clear how accepted model 
experiments were in Germany at that time-Prandtl's key paper on the importance of model experiments 
aimed at justifying and promoting widespread use of the methodology appeared in 1910. 

Thus, although it is very hard to say just how much of this, how early, and in what form, was around in 
Wittgenstein's milieu, I think it is fair to say that the practice of dimensional analysis, and of efforts to 
formalize it and generalize it, was probably part of the milieu of anyone studying aeronautics in the years 

4



just prior to 1914. And that is what Wittgenstein was doing from 1906 through 1911. The practice of 
dimensional analysis, though perhaps not treated as a topic in its own right, was to be found popping up 
here and there in various engineering papers, texts, and research work. The notation used generally took 
the form of expressing the dimensions of a quantity in terms of three fundamental quantities, denoted 
thus: [M] for mass, [L] for linear dimension, and [T] for time. Thus in reasoning about dimensions, the 
dimensions of any term designating a velocity would be expressed by [L] [T]-1. The dimensions of any 
length, whether a distance traversed or a diameter, was expressed by [L], of any surface, [L]2, and of any 
volume [L]3. The dimensions of the density of a fluid would thus be indicated by [M] [L]-3. It is 
instructive to use the notation to verify that Reynolds number is dimensionless: one would do so by 
noticing that writing the dimensions for density, velocity, linear dimension, and the inverse of viscosity 
yields the following “chain”: [M]1 [L]-3 [L]1 [T]-1 [L]1 [M]-1 [L]l [T]1 which can be rearranged as: [M]l 
[M]-1 [L]3 [L]-3 [T]-1 [T]l. This notation was widespread; it appears in various technical and scientific 
papers as well as in Horace Lamb's textbook, Hydrodynamics.6 

That Wittgenstein was reading Russell's Principles of Mathematics and was almost certainly aware of 
Russell's 1908 paper presenting the theory of types7 around the same time might have made him 
especially sensitive to the fact that the basis for similarity to be found in dimensional methods was not yet 
completely formalized. Here is an excerpt from a letter Wittgenstein wrote to Russell in 1912: 

What I am most certain of is...the fact that all theory of types must be done away with by a theory of symbolism 
showing that what seem to be different kinds of things are symbolized by different kinds of symbols which cannot 
possibly be substituted in one another's places.... Propositions which I formerly wrote e2(a, R, b) I now write R(a, 
b).8 

One thing we do know is that, according to Wittgenstein's own account, it was reading about the use of an 
experimental scale model - though in a courtroom, rather than in a laboratory - that stimulated him to 
think of a proposition as a picture. 

PropositionslaslPictures 
The incident that Wittgenstein said prompted him to think about a proposition as a picture occurred 
during the first few months of military service, in the fall of 1914, and is recorded in a diary entry. He 
wrote: “In a 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.)”9 That insight, that in a proposition a 
world is put together experimentally, occurs in the context of considering the most general concept of the 
proposition, and of co-ordination between proposition and situation; an earlier entry on the very same day 
reads thus: “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.” His 
diary indicates that he thinks his insight about a world being put together experimentally does hold the 
solution to all his questions, for he then notes: “This must yield the nature of truth straight away (if I were 
not blind).” 

The comment to friends that reading the newspaper account of how dolls were used to represent a motor-
car accident in a law-court was pivotal in coming to think that propositions represent by being pictures 
really does appear accurate: with one exception10, there is no mention of pictures in previous entries in the 
Notebooks, in any of the manuscripts entitled Notes on Logic (1913) nor in the notes dictated to Moore in 
Norway in April of 1914.11 But, there is an abundance of entries on the proposition as picture in writings 
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after that. And, the question of how a picture portrays is salient throughout his subsequent writings, 
although that question undergoes shifts in emphasis as time goes on. 

Wittgenstein's biographer, Brian McGuinness, has remarked that this particular development in 
Wittgenstein's thinking (i.e., that a proposition is a picture or model) is probably not as crucial as it is 
often taken to be.12 I think he has a point, in that, although the entry in September of 1914 marks the 
advent of the discussion of pictures, some of the features of the account in the Tractatus of what picturing 
is already appeared in earlier notes, though they are not formulated in terms of picturing.13 For example, 
in the Notes on Logic: “Propositions... are themselves facts: that this inkpot is on this table may express 
that I sit on this chair,”14 and (Summary) “that a certain thing is the case in the symbol says that a certain 
thing is the case in the world.”15 That these ideas appear in his writings over a year before he made the 
notebook entry about the dolls in the law court suggests that the significance of the insight he had on that 
occasion, i.e., the insight to think of a proposition as a picture, may be that thinking about the use of a 
scale model in a courtroom provided a way to put certain thoughts he had already been formulating, rather 
than marking a totally unprecedented turn of thought. 

That he specifically mentions “experimentally” [“probeweise”] here is more significant than might at first 
be obvious, if we look at what Boltzmann wrote about experimental models. Recall that Boltzmann 
appears first on the list of those whose work Wittgenstein said: “I have only seized on it immediately with 
a passionate urge for the work of clarification.”16 In his entry on “Model” written for the Encyclopedia 
Britannica, which was included in an anthology of Boltzmann's popular writings published in 1905 and 
which Wittgenstein is known to have read, Boltzmann explicitly emphasized that experimental models 
were of a different sort than the kind with which he was comparing mental models: 

A distinction must be observed between the models which have been described and those experimental models 
which present on a small scale a machine that is subsequently to be completed on a larger, so as to afford a trial of 
its capabilities. Here it must be noted that a mere alteration in dimensions is often sufficient to cause a material 
alteration in the action, since the various capabilities depend in various ways on the linear dimensions. Thus the 
weight varies as the cube of the linear dimensions, the surface of any single part and the phenomena that depend on 
such surfaces are proportionate to the square, while other effects -such as friction, expansion and condition of heat, 
&c., vary according to other laws. Hence a flying-machine, which when made on a small scale is able to support its 
own weight, loses its power when its dimensions are increased. The theory, intiated by Sir Isaac Newton, of the 
dependence of various effects on the linear dimensions, is treated in the article UNITS, DIMENSIONS OF.17 

Thus the experimental models represent a challenge; the relationship between model and what is 
modelled is not like the relationship between a mental model and what is modelled by it. This puzzled me 
for some time, for it's clear that Boltzmann realizes that there is a reliable methodology involved in 
experimental models. Why does he leave the topic in such an unresolved state, then? The answer to this is 
that the piece really was unfinished: when the Encyclopedia Britannica article was commissioned, 
Boltzmann tried to beg off on it, asking that it be assigned to someone else if possible. He protested that 
“what I write about technical and machine models will not be complete and will have to be enlarged by an 
English technician.”18 When transmitting the article, he says that he is sending it only because he has 
promised to do so, but that he is not at all pleased with it.19 It is unlikely that Wittgenstein, who is 
reported to have made scale models of a sewing machine and airplanes in his youth, would not have 
noticed the glaring difference between mental models and experimental scale models to which Boltzmann 
is drawing attention. Thus, what was striking about the incident does not fit tidily with the notion of 
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model found in Boltzmann. What it does fit well with is the notion of experimental engineering scale 
models. 

WhatlAboutlHertz? 
What about Hertz? A number of people in the audience may be thinking “Doesn't she know the story 
about Hertz?” That is, there is a by-now-standard view, suggested by von Wright and developed by James 
Griffin, that “The picture theory comes almost in its entirety from Hertz.”20 Many other commentators 
have agreed. 

Yes, I do know the story about Hertz. And, given such overwhelming agreement by so many 
commentators, and hardly any dissent, I guess I have the burden of explaining two things. First, why 
Wittgenstein, who prefaced the Tractatus by saying that he wasn't going to identify the sources of his 
ideas, specifically mentions Hertz's Principles of Mechanics in the Tractatus. And, secondly, why von 
Wright's speculative suggestion made in a footnote (i.e., “It would be interesting to know whether 
Wittgenstein's conception of the proposition as a picture is connected in any way with the Introduction to 
Heinrich Hertz's Die Prinzipen der Mechanik.”21) actually does seem to pan out, i.e., that those who 
investigated it by laying the two works side by side did find striking parallels between Wittgenstein and 
Hertz? 

To answer why Wittgenstein mentioned Hertz in the Tractatus: well, consider the intended audience of 
the Tractatus: Russell, Frege, and those familiar with their works. Wittgenstein does not mention Hertz in 
the sections of the Tractatus that contain the statements I've mentioned above, about models and pictures, 
and about objects and states of affairs, or atomic facts. In the two passages in the Tractatus Wittgenstein 
does mention Hertz (in a remark that in Hertz's terminology, only uniform connections are thinkable, and 
in a parenthetical reference to Hertz's use of degrees of freedom of a dynamical system), I think he is just 
mentioning Hertz to illustrate a point to the reader, not citing him as a reference for a claim or notion. 
Still, why Hertz? Well, though it is seldom mentioned, recall (or take my word for it) that Russell himself 
discussed Hertz's Principles of Mechanics, as did many German language authors, including Mach, 
Helmholtz and Boltzmann.22 Hertz's book, unlike the technical papers and texts Wittgenstein might 
instead have referred to, was thus well-known to Russell and to anyone who had read Russell's Principles 
of Mathematics, published in 1903. And Wittgenstein certainly knew the book well: von Wright reports 
that Wittgenstein “asked someone for advice about literature on the foundations of mathematics and was 
directed to Bertrand Russell's Principles of Mathematics... It seems clear that the book profoundly 
affected Wittgenstein'sdevelopment.”23 Russell's Principles of Mathematics closes with a chapter entitled 
“Hertz's Dynamics”; in this last chapter Russell discusses Hertz's book.24 In fact, Russell describes Hertz's 
use of uniform connections, thinkable connections, and possible connections. 

If von Wright's account of the role Russell's Principles of Mathematics had in leading Wittgenstein to 
study with Russell is right, Wittgenstein would certainly have remembered Russell's prominent discussion 
of Hertz's Mechanics. I do not mean to deny that Hertz was an important influence on Wittgenstein 
philosophically, only that what the references to Hertz in the passages that are cited in support of the 
claim that Wittgenstein's notion of a proposition as a picture is derived from Hertz' discussion of 
dynamical systems actually reflect is more likely that Wittgenstein recognized that Hertz's Principles of 
Mechanics was a much-discussed book with which Russell and any readers of Russell's Principles of 
Mathematics would be familiar. 
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To answer the second question - why the suggestion that Hertz was the source of the picture theory seems 
to pan out upon investigation, in that one can find what seem to be striking parallels between the 
Tractatus and Hertz's book - requires a bit more background. Hertz himself says that much of his book 
incorporates standard treatments of mechanics that were given in other mechanics textbooks, citing 
Thomson and Tait's classic Principles of Mechanics and Dynamics,25 among others. These books contain 
the notions of generalized coordinates, which are mutually independent and together determine the state 
of a dynamical system, and every single one of these texts mentions that the number of independent 
generalized coordinates is the number of degrees of freedom of the system. My answer will be, in short, 
that much of what people see in common between the Tractatus and Hertz's book are very basic themes 
dating to eighteenth century mechanics and that these themes are also common between experimental 
engineering scale models and Hertz's book. What I will show, in addition, is that there are in fact 
important differences between the notion of model and picture in the Tractatus and in Hertz's book, and 
that these differences are also differences between experimental scale models and the dynamical models 
of Hertz's book. As I mentioned earlier, Boltzmann actually identified a key difference between these two 
notions of model. 

But my main point isn't one of criticism. Like many of those who push the story about Hertz, I think that 
the engineering practice of the time is part of the story of the genesis of the Tractatus. I'd like to see my 
contribution here as carrying this investigation along by providing a more expansive milieu in which there 
was a more suitable notion of model that, though distinctive in some important ways, nonetheless had 
some things in common with Hertz's dynamical models. 

ThelExpandedlMilieu 
I have a wealth of information about the engineering milieu and the fascinating story of how similarity 
methods were developed and gained acceptance in a longer work I'm writing on the subject, but, in this 
short talk, I can only give a very general outline of the development of the methodology of “dynamic 
similarity.” Similarity methods really developed, blossomed, and flourished in England in the nineteenth 
century, due in large part to Osborne Reynolds's work at the University of Manchester. Reynolds retired 
from his post as an engineering professor at Manchester in 1905, and, that same year, the mathematician 
Felix Klein, upon recognizing Ludwig Prandtl's work in air flow as revolutionary, invited him to 
Göttingen to set up a laboratory there. Germany soon became the premier place for aerodynamical work, 
in large part due to Prandtl's efforts to ensure the proper methodology for engineering models was 
understood and accepted. 

The mathematician Horace Lamb, the author of the basic compendium on theoretical hydrodynamics, was 
at Manchester, England, though, before, after, and during the time Wittgenstein studied there. It's recently 
been discovered that Wittgenstein owned a copy of Lamb's Hydrodynamics in German translation- this 
information is thanks to Brian McGuinness and Peter Spelt. They describe and discuss the marginal notes 
Wittgenstein made in the book in their paper; they infer that he most likely owned the book while 
studying in Berlin, and speculate that he may have chosen to go on to Manchester because that is where 
Lamb was.26 In fact, Wittgenstein evidently did discuss some equations with Lamb, and attended 
mathematics lectures in Manchester. Aeronautics at that time was a study being synthesized from 
practical and theoretical fields. As a historian of hydraulics has put it: “On the one hand, the continued 
divergence of [experimental hydraulics and theoretical hydrodynamics] had, by the beginning of the 20th 
century, brought them very far apart. On the other hand, it was in this period that the increasingly 
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stringent demands of aeronautics gave rise to an effectively new branch of science to bridge the apparent 
gap between theory and fact.”27 Even though Germany was becoming the premier place to study 
aeronautics around the time Wittgenstsein went to England, England still had a great strength in model 
experiments at the time: a wind tunnel was built in London in 1903, and an improved one in 1910. Lord 
Rayleigh's appointment as president of the first British Council on Aeronautics came in 1909, during the 
time Wittgenstein was doing aeronautical research on propellers and jet engines. Rayleigh used the 
position to continue his championing of the method of dimensional analysis and the employment of 
“dynamical similarity” to model experiments. 

So there's no question that the notion of scale model, and the notions of dynamical similarity and 
dimensional analysis, were part of the milieu in which Wittgenstein conceived the Tractatus. Now, as I 
mentioned earlier, the notion of a scale model includes the notion of the scale model as a transformation 
(Abbildung) of another situation that preserves similarity with respect to some behavior. This German 
word for transformation is the word used in the Tractatus that is often translated as “pictorial form”, or 
the “form of representation” [that Wittgenstein says makes a picture and is part of the picture]. To explain 
how these notions are all of a piece in the method of scale models, it may help to appreciate the problems 
people had in understanding why and how scale models were to be used. When first arguing for the use of 
the method of scale models, Froude's defense of the method was at the same time an explanation of how 
to use data collected from scale models and captures the notion of a transformation in more concrete 
terms. Froude had to address the concern that “It is observed that models, when towed through the water 
make proportionately much larger waves than full size ships...”28 His argument against this was that if the 
full-size ship were travelling through the water at a velocity corresponding to that of the small scale ship 
it, too, would make large waves. Drawing on a similarity principle, Froude explains how the observations 
on his small-scale model experiments are to be understood: 

...the diagram which exhibits to scale the resistance of a model at various successive velocities, will express equally 
the resistance of a ship similar to it, but of (n) times the dimension, at various successive velocities, if in applying 
the diagram to the case of the ship we interpret all the velocities as (√n) times, and the corresponding resistances as 
(n3) times as great as on the diagram.29 

It certainly seems to me that this is the notion of model involved in the idea of a proposition as a picture, 
and a picture as a model. And it makes a difference which notion of model one does use: For this kind of 
model, the picture “reaches right up to reality” as Wittgenstein put it in the Tractatus. It is not in a 
separate realm somewhere and in need of application. It is not ambiguous regarding what it pictures. It 
needs no interpretation. 

Further, the similarity between two systems is established by dimensionless parameters, which are formed 
by combining quantities in constrained ways: the dimensions of the quantities relevant to the behavior of 
interest determine how those quantities may be combined into various dimensionless parameters. This is 
very much like the constraints due to the forms of objects work in objects combining to make states of 
affairs, or atomic propostions (Sachverhalte). Even putting historical details aside, there is much to 
recommend the claim that the notion of scale model is a much more appropriate notion of model to have 
in mind when reading the parts of the Tractatus about propositions as models or pictures. 

Yet I do not want to say that one should keep the notion of a scale model in mind to the exclusion of 
features of dynamical models mentioned in Hertz's Principles of Mechanics. Rather, there are various 
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conceptual themes that can be found both in Buckingham's essay on physically similar systems and in 
Hertz's short section on dynamical models. Further, I think that these common themes reflect a common 
ancestry. In a paper entitled “On a Theorem Concerning Geometrically Similar Motions of Fluid Bodies, 
with an application to the problem of Steering Air Balloons”30 Hermann Helmholtz explicitly suggested 
the use of “dynamical similarity” and dimensional analysis to infer the behavior of one physical situation 
from observations on another. The paper was presented in Berlin in 1873, and given that the application is 
to air balloons, Wittgenstein may well have known of it in one form or another. Helmholtz, of course, was 
Hertz's teacher. 

But there's an even more general background: Lagrangian mechanics, which contains the notion of 
generalized coordinates as one of its most basic features. Generalized coordinates are mutually 
independent, but together determine the state of the dynamical system. The number of generalized 
coordinates required is the number of degrees of freedom of the system. Transformations of one system to 
another that is similar in some ways are effected by changes of coordinates. Boltzmann relied upon the 
generalized coordinate approach to explain thermodynamic processes, Helmholtz to provide an example 
of a mechanical model in which the phenomena of electrodynamics would arise, and Hertz to provide a 
new basis for a forceless mechanics. Lamb treats fluid flow problems as dynamical systems for the 
similar reasons.31 And, certainly the methods of scale modelling evolved from notions of dynamical 
similarity. All this is by way of saying that, once one looks at this expanded milieu, it becomes clear that 
focusing only on Hertz's Principles of Mechanics when looking for notions of physical models is ignoring 
other salient and relevant kinds of models. 

ThelLaboratorylandlthelCourtlRoom 
I have one thing to add in closing: given that I am emphasizing how ubiquitous scale models were in 
laboratories, then why is it the use of a scale model in the courtroom, rather than a laboratory, that kicks 
off the thought that a proposition portrays by being a picture? Here's my speculation: in a courtroom, 
there are “questions of fact” and “questions of law”. “Questions of fact” would include questions about 
how things happened, and what the consequences of certain actual and counterfactual events were or 
would be. “Questions of law” would include questions about responsibility and blame. One can use the 
scale model only to establish answers to questions of the first sort. In fact, once all the questions of the 
sort that could be settled by a scale model are settled, questions about responsibility, blame, and regret, 
are still untouched. In such a context, anyone who thought that empirical propositions might have 
anything to say about such questions should - and often would - be brought to realize that they don't. In a 
law court, someone following such a line of thought might be silenced by being told that the question they 
are attempting to provide evidence for to the jury is a question of law, not of fact. Wittgenstein did say 
that the most important point of the Tractatus was an ethical one, and was made by what he didn't say. 
Perhaps there is an analogous point about ethics that resonated when reflecting on the limits to what a 
scale model could portray about a situation in the context of a courtroom, rather than a laboratory. He 
ended his preface to the work by saying that, if he was correct in believing that he had found the solution 
of the problems of logic, that this shows “how little is achieved when these problems are solved.” So 
perhaps it was the interest in exploring limits to what can be portrayed that set him to work on working 
out the idea that a proposition is a picture. 
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Notes 
*This paper is the text of a short talk given on Jul y 6, 2000 at the HOPOS 2000 conference held at the
University of Vienna. Special thanks to Brian McGuinness and Peter Spelt for providing me with a 
preprint of their paper, and for answering various questions. 
A longer version of the talk was given under the same title on November 17, 2000 at the University of 
North Carolina at Chapel Hill. Thanks to numerous members of the audiences at those talks for helpful 
and stimulating questions and remarks. A book-length work on the subject is also in progress. 
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